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EDITORIAL PREFACE
Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international
journal financed by the Scientific Research and Innovation Support Fund, Ministry of
Higher Education and Scientific Research in cooperation with the Hashemite
University, Jordan. JJBS celebrated its 12th commencement this past January, 2020.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes highquality research articles, reviews and short communications on novel and innovative
aspects of a wide variety of biological sciences such as cell biology, developmental
biology, structural biology, microbiology, entomology, molecular biology,
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and
animal biology, plant and animal physiology, genomics and bioinformatics.
We have watched the growth and success of JJBS over the years. JJBS has published
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.18 in 2015 to 0.58 in 2019 (Last updated on 16 March, 2020) and with
Scimago Institution Ranking ( SJR) 0.21 (Q3) in 2018.
A group of highly valuable scholars have agreed to serve on the editorial board and
this places JJBS in a position of most authoritative on biological sciences. I am
honored to have six eminent associate editors from various countries. I am also
delighted with our group of international advisory board members coming from 15
countries worldwide for their continuous support of JJBS. With our editorial board's
cumulative experience in various fields of biological sciences, this journal brings a
substantial representation of biological sciences in different disciplines. Without the
service and dedication of our editorial; associate editorial and international advisory
board members, JJBS would have never existed.
In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and
MEDLINE (the U.S. National Library of Medicine database) and others. As you read
throughout this volume of JJBS, I would like to remind you that the success of our
journal depends on the number of quality articles submitted for review. Accordingly, I
would like to request your participation and colleagues by submitting quality
manuscripts for review. One of the great benefits we can provide to our prospective
authors, regardless of acceptance of their manuscripts or not, is the feedback of our
review process. JJBS provides authors with high quality, helpful reviews to improve
their manuscripts.
Finally, JJBS would not have succeeded without the collaboration of authors and
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended
to The Hashemite University and the Scientific Research and Innovation Support
Fund, Ministry of Higher Education and Scientific Research for their continuous
financial and administrative support to JJBS.

March, 2020
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Abstract
Breast cancer is a highly complex, diverse disease that is classified into several subtypes according to the expression of
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). Such
classification is critical as it determines the best therapeutic strategy for the disease. One subtype of breast cancer that lacks
the expression of the three receptors is termed triple-negative breast cancer (TNBC). Consequently, TNBC patients do not
benefit from therapies that target ER or HER2 and often require systemic therapy. TNBC represents about 15-20% of all
newly diagnosed breast cancers and is responsible for about 5% of all cancer deaths annually. A subgroup of TNBCs
expresses androgen receptor (AR), which is thought to be a potential therapeutic target. Published reports have indicated that
the AR signaling pathway contributes to the growth and progression of this breast cancer subtype. In addition, AR-positive
TNBCs have been reported to have a significantly lower rate of pathological complete response to neoadjuvant
chemotherapy and are more chemotherapy-resistant. Targets of AR include the multi-drug resistance transporters such as
breast cancer resistant protein (BCRP/ABCG2), a primary cause of resistance to chemotherapy. Interestingly, the ABCG2
gene has also been shown to be targeted by specific microRNA molecules (miRNAs), which are also under the
transcriptional regulation of AR. Herein, the roles of AR, ABCG2, and miRNAs in regulating chemoresponsiveness of
breast cancer are presented with a proposal to utilize this knowledge in devising a novel therapeutic strategy of TNBC.
Keywords: Breast cancer, Triple negative breast cancer, Androgen receptor, MicroRNA, ABCG2

1. Introduction
Breast cancer is the most common type of cancer that
afflicts women worldwide accounting for approximately
11.6% of all diagnosed cancer cases globally and is the
leading cause of cancer death among women (Bray et al.,
2018). In the USA, the 5-, 10-, and 15-year relative
survival rates for breast cancer are 89%, 83%, and 78%,
respectively (Miller et al., 2016). While breast cancer rates
are higher among women in more developed regions, the
disease is expected to cause the death of approximately
627,000 women worldwide, which is almost 15% of all
cancer deaths among women (WHO, 2019). Data from the
2016 Annual Statistical Report of the Jordanian Ministry
of Health indicated that cancer-associated deaths constitute
about 16.2% of total mortality reported in 2012, making it
the second leading cause of death in Jordan after
cardiovascular diseases (representing 36.4%) (Annual
Statistical Report of the Ministry of Health, 2016).
Importantly, cancer cases are expected to increase reaching
levels that will challenge public and private healthcare
systems, potentially jeopardizing access of patients to lifesaving treatment (Abdel-Razeq et al., 2015). In particular,
breast cancer has been the most common cancer diagnosed
in the Jordanian population overall throughout the years
with 1067 cases recorded in 2013 and accounting for

*

19.7% of all cancer cases reported that year (Annual
Statistical Report of the Ministry of Health, 2016).
Classification of Breast Cancer and TNBC
Breast cancer is a highly complex, heterogeneous
disease in its histology, cellular origin, metastatic
potential, mutations, disease progression, therapeutic
response and clinical outcome (Ossovskaya et al., 2011).
Accordingly, it can be classified into different
distinguishable subtypes according to histological features
in conjunction with the expression of biomarkers (Lv et
al., 2011). The most prominent, classifying biomarkers are
hormone receptors including estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor-like receptor 2 (HER2). The four clinically
important breast cancer classes are: (1) ‘luminal A’, which
is ER- and PR-positive, but HER2-negative, (2) ‘luminal
B’, which is ER-positive and/or PR-positive, and HER2and Ki-67-positive, (3) HER2-enriched, a disease that is
characterized by overexpression of HER2 and is ER- and
PR-negative, and (4) ‘triple-negative breast cancer’ or
TNBC where all three receptors are not expressed (ER-,
PR-, and HER2-negative) (Rakha et al., 2007; Boyle,
2012; Brouckaert et al., 2013; Lam et al., 2014; Parise and
Caggiano, 2014). The majority of TNBCs possess basallike characteristics.
In the USA, TNBC represents about 15-20% of all
newly diagnosed breast cancers, and is responsible for
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about 5% of all cancer deaths annually (Dent et al., 2007).
In addition to its lack of expression of ER, PR and HER-2,
this class of breast cancer is characterized by expression of
genes usually found to be active in basal or myoepithelial
cells of the normal breast (Rakha et al., 2007; Rakha et al.,
2009). Initially, TNBC was further classified into six
subtypes: basal-like 1 (BL1), basal-like 2 (BL2),
mesenchymal
(M),
immunomodulatory
(IM),
mesenchymal stem-like (MSL) and luminal androgen
receptor (LAR) (Lehmann et al., 2011, Masuda et al.,
2013). However, in a follow-up study, IM and MSL
subtypes were found not to be true TNBC and were
removed from this category (Lehmann et al., 2016).
Furthermore, both Burstein et al. (2015) and Ding et al
(2019) classified TNBC into basal-like, immune-activated
(BLIA), basal-like immunosuppressed (BLIS), LAR, and
MES subtypes. Recently, Jiang et al. (2019) classified
TNBC into four transcriptome-based subtypes: LAR, IM,
BLIS, and mesenchymal-like (MES).
Transcriptional signatures of each breast cancer
subtype can be used to support therapeutic decisions,
predict outcomes and assist in the management of
individual breast cancer patients (Harris et al., 2016;
Rakha 2017). In addition, ER, PR and HER-2 expressions
not only play an important role in the biology of the
tumors, but are also determinants of therapeutic strategy.
For example, whereas ER-expressing tumors are treated by
targeting the receptor with antagonists such as tamoxifen
or with inhibitors of the estrogen-producing enzyme,
aromatase, HER2-enriched tumors are treated with HER2
inhibitors such as Trastuzumab or Herceptin® (Lewis
Phillips et al., 2008). There is no effective targeted therapy
for TNBC due to the lack of expression of these receptors
and TNBC patients, therefore, often require systemic anticancer therapy to manage the disease (Brady-West and
McGrowder, 2011). TNBC is the most sensitive to
chemotherapy amongst breast cancer subtypes (Anders and
Carey, 2008; Khokher et al., 2013; Cetin and Topcul,
2014). However, TNBC is associated with a higher risk of
disease recurrence at earlier times, worse prognosis after
recurrence, and higher rates of central nervous system and
visceral metastases (Carey et al., 2010). This has been
referred to as the triple negative paradox (Carey et al.,
2007). Interestingly, since TNBCs differ in their
clinicopathologic characteristics, it has been reported that
TNBC subtypes also differ in their response to
standardized therapeutic efforts (Choi et al., 2012; Masuda
et al., 2013).
Structure and Function of Androgen Receptor in
Breast Cancer
Testosterone is produced by and released from Leydig
cells of the male testes and theca cells of the female
ovaries, while dehydroepiandrosterone is produced in the
adrenal gland of both genders (Smith et al., 2013).
Testosterone acts as both a hormone and a pro-hormone
(Smith et al., 2013). It is converted to its more efficacious
derivative dihydrotestosterone (DHT) by 5-α-reductase in
peripheral tissues, skin, hair follicle, bone, prostate and
liver, or by aromatase to the potent estrogen, 17β-estradiol
in ovaries, bone, brain, adipose tissue and prostate (Ellem
and Risbridger, 2010; Smith et al., 2013). The levels of
circulating androgens decline with age in both men and
women, which can affect bone and muscle integrity and

sexual drive in addition to general wellbeing (Davison et
al., 2005; Gooren 2010).
At the molecular level, the function of androgens is
mediated by activation of androgen receptor (AR). DHT
has two fold higher affinity for AR and a five-fold lower
rate of dissociation when compared with testosterone
(Grino et al., 1990; Tan et al., 2015). AR is a member of
the steroid-hormone receptor family, which also includes
receptors for estrogen, progesterone, glucocorticoids, and
mineralocorticoids (Lubahn et al., 1989). The human AR
gene is located on chromosome Xq11-12 and contains a
highly polymorphic CAG repeat sequence within exon 1
(Lubahn et al., 1989; Chamberlain et al., 1994). The
receptor is ubiquitously expressed in human tissues, with
the highest levels reported in reproductive tissues (testes,
prostate, uterus and ovaries) as well as liver, breast,
adipose and muscle tissues (Bookout et al., 2006). ARregulated signals are responsible for male sexual
differentiation and reproductive development (Bruchovsky
et al., 1976). In the absence of ligand, AR exists primarily
in the cytoplasm, bound to chaperone proteins that
stabilize the receptor in a conformational state that
promotes ligand binding (Claessens et al., 2008). In the
presence of androgens, in particular testosterone and DHT,
AR undergoes a series of conformational changes,
dissociates from chaperones, then forms a homodimer that
translocates into the nucleus (Claessens et al., 2008).
Inside the nucleus, the hormone-AR complex binds to
androgen response elements and recruits co-regulatory
activators resulting in the regulation of target gene
transcription (Claessens et al., 2008). AR expression also
has a role in a range of other conditions including acne,
male pattern baldness and polycystic ovarian syndrome
(Smith et al., 2013). Importantly, AR has been shown to
play an important role in the development and progression
of a number of cancers such as prostate, endometrial,
bladder, kidney and breast (Hunter et al., 2018).
The AR signaling pathway has a role in breast cancer
proliferation. Interestingly, both growth stimulatory and
growth inhibitory impacts of androgens have been
described in breast cancer cells lines (reviewed in Rahim
and O’Regan, 2017). Mechanisms underlying these
seemingly paradoxical effects are complex. However, the
function of AR in breast cancer pathogenesis may depend
on the molecular phenotype of the tumor, the relative
coexpression of other hormone receptors, and the
hormonal environment (Rahim and O’Regan, 2017). AR
expression has been identified in 70-90% of breast tumors,
similar to ER expression, and it is commonly found in
breast tumors that express ER (Obeidat et al., 2018). The
prevalence of AR expression in TNBCs is less frequently
reported, ranging from 13.7% to 64.3% (Rakha et al.,
2007; Luo et al., 2010; McNamara et al., 2013; Asano et
al., 2017; Obeidat et al., 2018). This variability may be
due to technical differences among the different studies or
to the criteria used to define AR positivity (Rakha et al.,
2007; Luo et al., 2010; McNamara et al., 2013; Obeidat et
al., 2018).
Formerly, androgens, such as fluoxymesterone,
testolactone, and calusterone were used for the treatment
of advanced breast cancer, resulting in about 18-39%
clinical responses (Gucalp and Traina, 2016). However,
the undesirable masculinizing side effects of these agents
have limited their routine use in the treatment of breast
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cancer especially in the advent of newer, less toxic
endocrine agents. Currently, there is renewed interest in
targeting the AR signaling pathway, particularly in TNBC.
In fact, AR-positive TNBC showed preserved androgenic
signaling that can be used as a possible therapeutic target
similar to ER-positive breast cancers (Lehmann et al.,
2011; Gucalp et al., 2013). Several clinical trials currently
underway have illustrated the efficiency of anti-androgen
therapy for the treatment of AR-positive TNBC (Gucalp et
al., 2013; Bonnefoi et al., 2016).
AR-positive TNBCs have different clinicopathologic
characteristics than compared to AR-negative TNBCs.
One such difference is reported in disease-free survival
whereby AR-positive TNBC patients survive longer after
recurrence than those with AR-negative TNBCs (Asano et
al., 2017). In addition, patients with AR-positive TNBC
have a better prognosis and delayed disease recurrence
(Luo et al., 2010; Asano et al., 2017). Most AR-positive
TNBCs could be categorized as the LAR subtype (Asano
et al., 2017), associated with lower Ki-67 index
(McNamara et al., 2013), postmenopausal status, positive
nodal status (Luo et al., 2010), higher tumor grade, and
development of distant metastasis (Rakha et al., 2007). It
is also important to note that some studies have suggested
positive correlations between AR positivity and
progressive disease or poor prognosis (Hu et al., 2011).
Thus, debate still exists concerning the clinical
significance of AR expression in TNBC (Fioretti et al.,
2014).
Reason(s) for the increased survival of patients with
AR-positive TNBC have not been identified and might be
due to differences in sensitivity to conventional treatments
or to the innate nature of this tumor phenotype (Asano et
al., 2017). AR-positive TNBCs have been reported to have
a significantly lower rate of pathological complete
response (pCR), of about 10%,
to neoadjuvant
chemotherapy (NAC) and are more chemotherapyresistant (Asano et al., 2016; Lehmann et al., 2016).
Therefore, it is hoped, as will be detailed in the next
section, that the status of AR expression in TNBC may aid
in determining the best strategy of breast cancer treatment
and the use of AR-targeted therapy (Gucalp and Traina,
2016).
Role of ABCG2 in Breast Cancer
Development of chemoresistance is a significant
obstacle in the effective treatment of breast cancer.
Overexpression of multi drug resistance (MDR)
transporters is one of the most important causes of
chemoresistance (Szakács et al., 2006) and members of the
ABC transporter family members are the most widely
studied MDR transporters (Gottesman and Ling, 2006).
ABC transporters use ATP hydrolysis to control the
absorption, distribution, and clearance of numerous
substances, including hormones (e.g. folates and
dihydrotestosterone), pharmaceutical agents, dietary
carcinogens and conjugated metabolites (Huss et al., 2005;
Vore and Leggas, 2008). In addition, they have similar
trans-membrane domains that can pump chemotherapeutic
drugs out of cancer cells against a concentration gradient
in an ATP-dependent manner, thus reducing intracellular
accumulation of such agents and sparing cancer cells from
toxicity (Huss et al., 2005; Vore and Leggas, 2008).
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To date, 48 ABC transporters have been identified in
the human genome (Vasiliou et al., 2009), among which
the most extensively characterized are P-glycoprotein (Pgp/ABCB1), multidrug resistance associated protein-1
(MRP1/ABCC1), and breast cancer resistant protein
(BCRP/ABCG2) (Huang et al., 2014; An et al., 2017).
ABCG2 is a 72 kDa protein that has many substrates,
which include tyrosine kinase inhibitors (TKIs) (e.g.
imatinib and gefitinib), anthracyclines (e.g. doxorubicin),
camptothecin-derived topoisomerase I inhibitors, diseasemodifying anti-rheumatic drugs (e.g. methotrexate), and
cyclin-dependent kinase inhibitors (e.g. flavopiridols) (An
et al., 2017). Recent studies have demonstrated that
transcriptional factors and nuclear receptors and epigenetic
factors play important roles in the regulation of ABCG2
expression in different model systems (To et al., 2008a).
An ABCG2-expressing side population (SP) is present
in normal and cancerous tissues (Mathew et al., 2009).
ABCG2 expression and function are well studied in
prostate cancer where expression is found in ~1% of cells
in the basal compartment (Huss et al., 2005). ABCG2expressing prostate tumor cells have been detected in
tissue biopsies following androgen deprivation therapy
(Huss et al., 2005) and ABCG2 expression is upregulated
upon androgen blockade in vitro (Huss et al., 2005;
Pfeiffer et al., 2011). Moreover, ABCG2-expressing SP
cells in the prostate demonstrate multipotency and selfrenewal properties, suggesting an enrichment of stem cells
in this population (Huss et al., 2005; Foster et al., 2013).
An earlier study has shown the ability of ABCG2 to efflux
the AR antagonist bicalutamide in prostate cancer tissues
(Colabufo et al., 2008). Another study has shown a link
between AR signaling and ABCG2 at various levels where
inhibition of ABCG2-mediated androgen efflux led to
increased nuclear AR expression concomitant with
induced expression of AR target genes, delayed cell
growth response and cell differentiation mediated by AR,
delayed tumor progression and increased overall survival
in vivo (Sabnis et al., 2017).
In breast cancer, higher levels of ABCG2 were
correlated with a reduced efficacy of chemotherapy and
poorer outcome in breast cancer patients (Kim et al.,
2013). ABCG2 has been described as a stemness marker
for various histological breast cancer subtypes (Collina et
al., 2015). Furthermore, it was suggested that ABCG2
alone can be considered a suitable marker for breast
cancer, in particular for the TNBC phenotype, but this
observation was limited to cellular models (Britton et al.,
2012). Interestingly, ABCG2 has been shown to be downregulated in androgen-treated breast cancer cells affecting
chemoresistance to mitoxantrone, a topoisomerase II
inhibitor (Chua et al., 2016). The last report suggests that
AR activation may influence the chemoresponsiveness of
breast cancers.
MicroRNA and Their Significance in Breast Cancer
The variable expression of specific genes in tumor
cells, including cell surface receptor proteins, mutated
genes, and microRNAs (miRNAs or miRs) has been
shown to predict the likelihood of cancer progression.
miRNAs have significant potential in clinical research
since they have important regulatory biological roles, are
detected in different tissue types including serum and are
relatively stable in formalin-fixed paraffin-embedded
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tissue samples, suggesting that they can be used as
biomarkers (Sethi et al., 2014; An et al., 2017). MiRNAs
are short, single-stranded, non-coding RNAs of 20–25
nucleotides in length, and are widely conserved among
species (Christodoulatos and Dalamaga, 2014). Since their
discovery in 1993, around 2600 unique mature human
miRNAs have been identified and more are expected to be
detected (miRBase version 20) (Kozomara and GriffithsJones, 2013). Most miRNAs are located in non-coding
intronic regions, but some are located in exonic regions
(Rutnam et al., 2013). The main function of miRNAs is
post-transcriptional gene silencing via directly and
specifically base-pairing of their conserved 5ʹheptametrical seed sequence with the 3ʹ untranslated
region (3ʹ-UTR) of multiple target messenger RNAs
(mRNAs). Consequently, they induce either mRNA
degradation if base-pairing is perfect or decrease the rate
of protein translation if the match is imperfect (Rutnam et
al., 2013; Subtil et al., 2014). It is worth noting that
miRNAs are not always associated with inhibitory or down
regulatory effects. In rare circumstances, dependent on cell
cycle phase and co-factor expression, miRNAs can
activate mRNA translation, thus up regulating protein
levels (Vasudevan et al., 2007).
More than 50% of all translated human genes are
regulated by miRNAs and this type of gene regulation
controls many facets of cell signaling pathways in both
normal and tumor tissues (Rutnam et al., 2013; Subtil et
al., 2014). Moreover, each miRNA can regulate numerous
target genes, and the same target gene can be regulated by
multiple miRNAs, creating a complex network of
molecular interactions (Esteller 2011; Mendell and Olson,
2012; Spizzo et al., 2012). The inherent complexity of this
regulatory system allows miRNAs to control the global
activity of the cell including cell differentiation,
proliferation, stress response, metabolism, cell cycle,
apoptosis, and angiogenesis (Gebert and MacRae, 2019).
Comparison of human plasma or tissue samples from
cancer patients vs. cancer-free individuals by miRNA
microarray has revealed evidence of deregulation of
several miRNAs in many cancers including breast cancer
(Sethi et al., 2014; An et al., 2017). Different miRNA
expression profiles between cancerous cells and paired
normal tissues from the same organ have been documented
in a number of studies (Lu et al., 2005; Zhu et al., 2014).
As such, it is proposed that miRNAs influence cancer
development, metastasis, angiogenesis and drug resistance
(Liang and He, 2011; An et al., 2017).
MiRNAs are reported to be aberrantly expressed in
human breast cancers compared with normal breast tissue,
with affected miRNAs having tumor suppressing or
oncogenic effects. Furthermore, several studies have
demonstrated that diverse cancer types at different
developmental stages display unique miRNA expression
profiles (Puppin et al., 2014). Down-regulated miRNAs
include miR-10b, miR-125b and miR-145 (Iorio et al.,
2005), and the re-introduction of under-expressed miRNAs
has been shown to reduce the viability of cancer cells,
suggesting
tumor-suppressor
functions
and
antiproliferative and /or pro-apoptotic roles (Lu et al.,
2005; Zhu et al., 2014). In contrast, oncogenic miRNAs
(oncomiRs) display antiapoptotic activities and are overexpressed in cancer cells (Nugent 2014). An example is
miR-21, which was found to be overexpressed in breast

tumors compared to matched normal breast tissues (Si et
al., 2007). Inhibition of miR-21 resulted in cell growth
inhibition in association with increased apoptosis and
decreased cell proliferation (Si et al., 2007). Expression of
miR-21 was also found to be associated with specific
features of breast cancer such as expression of ER and PR,
tumor stage, vascular invasion, and proliferation (Yan et
al., 2008).
Changes in the expression of miRNAs and/or their
functional roles in TNBC, particularly, have also been
investigated. Differential expression of some miRNAs
have been proposed as prognostic biomarkers such as miR9, miR-15, miR-588 (Jang et al. 2017; Nama et al., 2019).
Several circulating miRNAs were identified in the sera of
early-stage TNBC patients (miR-126-5p and miR-34a)
(Kahraman et al., 2018). In addition, numerous published
studies have elucidated the association of miRNAs with
TNBC progression or suppression (Piasecka et al., 2018).
One example is miR-20a-5p that promotes the growth of
triple-negative breast cancer cells through targeting
RUNX3 (Bai et al., 2018). MiR-9 was also been shown to
exhibit a suppressor-like activity in metastatic TNBC cells
by direct targeting of NOTCH1 (Mohammadi‐Yeganeh et
al., 2015). Migration and invasion of TNBC have been
proven to be affected by several miRNAs. Examples
include miR-124, which regulates epithelial-tomesenchymal transition (EMT) via targeting ZEB2,
thereby inhibiting invasion and metastasis in TNBC (Ji et
al., 2019). It was reported that Let-7 miRNA controls
metastasis and stemness of TNBC cells by regulating the
JAK-STAT3 and cMyc pathways (Lyu et al., 2014).
Furthermore, the role of miR-10a in suppressing breast
cancer progression via the PI3K/Akt/mTOR pathway was
illustrated (Ke and Lou, 2017).
Significant changes in miRNA expression profiles have
been observed in drug-resistant cancer cells in comparison
with parental drug-sensitive cancer cells (Fojo 2007).
Evidence pointing to the role of miRNAs in determining
drug sensitivity and MDR is emerging (Wang et al., 2015).
One example is miRNA-451 whose expression correlates
with an increased sensitivity of MCF-7 cells towards
doxorubicin (Kovalchuk et al., 2008). The dysregulation of
miRNA expression profiles in cancer cells can lead to
resistance towards anti-cancer drugs by abnormally
modulating the expression of genes involved in MDR
action such as genes encoding ABC transporters, apoptosis
and autophagy regulators, regulators of drug metabolism,
and genes associated with redox systems (Wang et al.,
2015). Therefore, miRNAs may drive tumorigenesis or
may be used as diagnostic and prognostic biomarkers, and
can potentially be targeted in order to improve treatment
responses.
Dysregulation of numerous miRNAs has been linked to
the chemoresponsiveness of TNBC (Rizzo et al., 2017;
Ouyang et al., 2014). For example, upregulating miR-33a5p significantly increased cell sensitivity toward
doxorubicin in TNBC, but not other breast cancer types
(Guan et al., 2019). Downregulation of miR-27b-3p also
desensitized cells to tamoxifen in TNBC by increasing
NR5A2 and CREB1 expression (Zhu et al., 2016).
Interestingly, tamoxifen has also been shown to reverse
EMT in TNBC as well as their metastatic capability by
down-regulating miR-200 (Wang et al., 2017). One
mechanism
by
which
miRNA
can
affect
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chemoresponsiveness of cells is via manipulating DNA
repair efficiency as shown for miR-302b (Cataldo et al.
2016). Another mechanism has also been illustrated for
miR-5195-3p, which enhances the sensitivity of paclitaxelresistant TNBC cells by down-regulating EIF4A2, a
helicase upregulated in proliferating cells (Liu et al.,
2019). These findings, and others, strongly implicate the
possibility of alternative therapeutic strategies for the
disease.
Androgen Regulation of MiRNA in Breast Cancer
Published studies have predominantly focused on the
association of AR with miRNA expression in prostate
cancer. A few studies, however, have analyzed the
regulation of miRNA expression by androgens in breast
cancer. For example, Nakano et al. (2013) showed that
five miRNAs were dysregulated in MCF-7 cells using
PCR microarray. Lyu et al. (2014) showed that expression
of four miRNAs, let-7a, b, c and d was up-regulated in
androgen-treated MDA-MB-453 cells while other 7
miRNAs were downregulated. The regulation of miRNA
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expression by androgens in MDA-MB-453 cells has also
been studied using PCR arrays by Ahram et al. (2017)
reporting the differential expression of 20 miRNAs.
Interestingly, only three microRNAs, let-7a, b, and d were
found to be commonly altered in the former two studies
but with a different trend where Lyu et al. (2014) reported
their up-regulation, whereas they were down-regulated by
the study of Ahram et al. (2017). Ahram et al. (2017) also
analyzed the regulation of miRNA expression by
androgens in MCF-7 and T47D cells. However, none of
the reported changes were common with those reported by
Nakano et al. (2013). These discrepancies in the results
could be due to the type and concentration of agonist used,
the duration of experiments, and/or passage number of
cells. Further work by our group has identified a number
of miRNAs, including miR-328-3p, whose expression was
up-regulated upon androgen treatment of the TNBC MDAMB-231 cells (Al-Othman et al., 2018). The general
experimental conditions and results of these studies are
summarized
in
Figure.
1.

Figure 1. Androgen regulation of miRNAs in breast cancer and their cellular effects

MiRNAs Regulate ABCG2 Levels
A number of miRNAs have been shown to regulate the
expression of proteins involved in the chemoresponsivness
of cancer (Pan et al., 2009; Bockhorn et al., 2013; Wang et
al., 2019). ABCG2/BCRP was the first MDR transporter
found to be regulated by miRNA (To et al., 2008b). To
date, several miRNAs have been shown to regulate
ABCG2 expression, including miR-328, which has been
shown to increase mitoxantrone sensitivity by negatively
regulating ABCG2 protein expression via binding to target
sites in the ABCG2 gene 3’-UTR (Pan et al., 2009; Li et
al., 2010; Li et al., 2011). Restoration of miR-328

expression as a therapy could therefore improve treatment
outcomes, particularly responsiveness to doxorubicin and
mitoxantrone, both of which are two substrates for
ABCG2 (Pan et al., 2009; Li et al., 2010). Other miRNAs
have similar negative regulatory effects on ABCG2
expression including miR-519, miR-520h, miR-212, miR181a, and miR-487a (Li et al., 2011; Turrini et al., 2012;
Jiao et al., 2013; Ma et al., 2013).
2. Conclusion
AR is an important regulator of breast cancer growth
and has been proposed to be a potential therapeutic target.
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The observations that AR can control cancer
chemoresponsiveness can be highly significant in the
clinical setting. However, the molecular mechanisms by
which it can do so are incompletely characterized. One
interesting mechanism is via miRNA molecules that
regulate the expression of transporters involved in drug
efflux such as ABCG2. Findings that AR can regulate both
ABCG2 and its targeting miRNAs constitute an intriguing
mechanism of regulation. Understanding of these
molecular mechanisms may lead to novel and more
effective therapeutic strategies of TNBC based on AR
targeting of both ABCG2 and ABCG2-regulating miRNA.
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Abstract
Angiotensin converting enzyme (ACE) gene insertion/deletion (I/D) polymorphism has been identified as a potential
candidate gene for obesity. The aim of this study was to identify the genotypic and allelic frequencies of ACE gene I/D
polymorphism and its association with anthropometric parameters, lipid profiles and the susceptibility for obesity in Malay
subjects. This cross-sectional, comparative study involved 219 subjects; 94 obese and 123 non-obese as controls.
Anthropometric and lipid profiles were measured according to the standard method, alongside with genotyping analysis by
polymerase chain reaction (PCR). Anthropometric and lipid profiles were compared between groups, and the association of
this polymorphism with obesity was evaluated. Genotypic frequencies of II (47.9%), DD (42.7%) and DD genotypes (9.6%)
in normal group were compared with genotypic frequencies of II (54.5%), DD (36.6%) and DD genotypes (8.9%) in obese
group (P=0.620). The D allele distribution was 31.0% in normal comparing with 27.0% in obese group (P=0.410).
Anthropometric parameters and lipid profiles did not differ significantly between the genotypes. However, D allele carriers
exhibit consistently higher triglycerides, total cholesterol and LDL-cholesterol levels than the non-carriers without statistical
significance. The ACE gene I/D polymorphism is not associated with obesity and obesity related phenotypes in Malay
subjects; a weak interaction effect between the D allele with lipid profiles is seen.
Keywords: ACE gene I/D polymorphism, obesity, Malay, anthropometric parameters, lipid profile

1. Introduction
Obesity develops from a sustained positive energy
balance that involves the interaction between genetic,
environmental and behavioural factors (Yang et al., 2007;
Galgani and Ravussin, 2008). The renin-angiotensin
system (RAS) is an important regulator of blood pressure,
body fluid homeostasis and other metabolic pathways
associated with it (Grobe et al., 2013). Angiotensin II is
the main effector of this system, produced from
angiotensin I (Ang I) and angiotensinogen (AGT) via the
effect of renin and angiotensin converting enzyme
(ACE)(Frigolet et al., 2013).
In addition to some vital organs and tissues, adipose
tissue also hosts a local renin-angiotensin system (Schling
et al., 1999; Engeli et al., 2000). Adipose tissue RAS has
been implicated in the regulation of visceral adipose tissue
accumulation (Achard et al., 2007) and lipid metabolism
(Jones et al., 1997), and thus may contribute towards the
*
*

development of obesity and obesity-related metabolic
disorders (Yang et al., 2013).
ACE contributes toward effective functioning of the
RAS (Lemes et al., 2013). The gene encoding ACE maps
to chromosome 17q23, spans 21 kilo bases (kb) long and
comprises 26 exons and 25 introns (Sayed-Tabatabaei et
al., 2006). A common insertion (I) /deletion (D)
polymorphism in intron 16 of the ACE gene has been
associated with differences in circulating ACE levels, with
DD genotype contributing to the highest, followed by the
ID and II genotypes for the intermediate and lowest levels,
respectively (Rigat et al., 1990).
The ACE gene I/D polymorphism has been extensively
studied for the distribution of ACE genotypes and alleles
in different ethnic populations (Jayapalan et al., 2008) and
its association with numerous disease conditions including
hypertension (Heidari et al., 2014), coronary artery disease
(Seckin et al., 2006), insulin resistance (Celik et al., 2010)
and obesity (Strazzullo et al., 2003; Yang et al., 2013).
However, the mechanism through which this

Corresponding author e-mail: atifamin@unisza.edu.my.
Abbreviations: Hypoxia-inducible factor-2, ACE; Angiotensin I-converting enzyme, BDNF: Brain-derived neurotropic factor, BLAST:
Basic Local Alignment Search Tool, BMI: Body mass index
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polymorphism affects obesity and its related phenotypes
remains unclear. Therefore, we determine the genotypic
and allelic frequencies of ACE gene I/D polymorphism
and its association with anthropometric measurements,
lipid profile and the risk for obesity in Malay subjects.
2. Materials and Methods
2.1. Subjects
This was a cross-sectional, comparative study. A total
of 217 Malay adult subjects, aged between 18-60 years
were recruited by a convenience volunteer sampling from
educational establishments around Kuala Terengganu,
Terengganu, Malaysia. They were 94 obese and 123 nonobese as control, selected after primary obesity screening
using body mass index (BMI) which classifies them as
obese (BMI ≥ 30kg/m2) and non-obese (BMI 18.50 –
24.99kg/m2) according to the World Health Organization
criteria (WHO, 2000). Those who were eligible but with
cardiovascular and respiratory disease, diabetic patients,
underweight (BMI < 18.5kg/m2) and overweight
(25.0kg/m2 ≤ BMI ≤ 29.99kg/m2) were excluded from the
study. Study approval was obtained from the Institutional
Review Board of the Universiti Sultan Zainal Abidin
(UniSZA), the Unit of Planning and Education Policy
Research, Ministry of Education, Malaysia and
Terengganu State Education Department before
conducting the study. All subjects agree to participate and
have signed their informed consent.
2.2. Anthropometric measurements
Weight (in kg) and height (in m) were measured to
calculate the BMI by dividing the weight by the square of
the body height. Waist circumference (WC) was measured
between the final rib and the iliac crest at the end of the
normal expiration, hip circumference was measured
around pelvis at midpoint of maximum protrusion over
buttocks by Ergonomic circumference measuring tape
(Seca 201). Waist and hip circumferences were obtained
to calculate waist-hip ratio (WHR). Waist-height ratio
(WHtR) was calculated by dividing the measurement of
waist circumference to that of the height. The assessment
of body fat percentage (BF%) was done using a Slim
Manager N40 (AIIA communications Inc, South Korea).
Body adiposity index was determined using the formula:
BAI = [hip (cm) / height (m)1.5] – 18 (Bergman et al.,
2011). Abdominal volume index was calculated using
waist and waist-hip ratio (AVI= [2cm (waist) 2 + 0.7cm
(waist-hip) 2] / 1000 (Guerrero-Romero and RodriguezMoran, 2003). Conicity index was determined based on the
previously established formula (Valdez, 1991).

2.3. Blood collection and biochemical assays
Blood samples were drawn after an overnight fast into
plain and EDTA-coated tubes (Beckton Dickinson,
Franklin Lakes, NJ). After serum separation, total
cholesterol, triglycerides and HDL-cholesterol were
analysed using an Olympus-AU400 chemistry analyser
(Olympus, Tokyo, Japan) by enzymatic calorimetric
method. Low-density lipoprotein (LDL) cholesterol was
calculated by the Friedewald’s formula.
2.4. Blood extraction and Genotyping
The blood extraction procedure was based on
manufacturer’s protocol (Vivantis, CA, USA).
Genotyping was carried out by polymerase chain
reaction (PCR) using the primers described from the
previous studies (Rigat et al., 1992; Nikzamir et al., 2008).
PCR was carried out
in a total volume of 20 µL containing 1X PCR buffer,
1.7mM MgCl 2 , 0.34mM dNTPs, 0.8 µM of each primer
and 1U Taq polymerase (Promega, Madison, WI). The
amplified products at 190bp, 490bp and both 190bp and
490bp for II, ID and DD genotypes, respectively, and
335bp for confirmatory analysis of ID genotype were
resolved on 2% agarose gel and visualized by ethidium
bromide staining as shown in Figure 2.
2.5. Statistical analysis
All calculations were carried out using SPSS version
20.0 (IBM Corporation, Armonk, NY). Data was
expressed as mean ± standard deviation (SD) or median
(interquartile range). Genotypic and allelic frequencies
were determined by manual counting and compared using
the chi-square test. Significant differences between groups
were evaluated using a one-way ANOVA, Kruskal-Wallis,
independent sample t-test or Mann-Whitney U test where
necessary. A binary logistic regression was used to
identify the significant risk factors for obesity, considering
their odds ratio (OR), 95% confidence intervals (CI) and
the corresponding P-values. A P-value of less than 0.05
was considered as significant.
3. Results
3.1. Characterictics of the study subjects
The anthropometric data and lipid profiles of the study
subjects by ACE I/D genotypes are presented in Table 1.
All parameters for anthropometric characterization and
lipid profiles did not differ significantly between the
genotypes, however, total cholesterol and LDL-cholesterol
levels were consistently higher in ID and DD subjects than
the II subjects without significant differences.
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Table 1. Anthropometric measurements and lipid profiles in all
subjects according to ACE I/D genotypes.
ACE genotypes (n=217)

P-value

II (n=112)

ID (n=85)

DD (n=20)

Age (year)ʈ

36.31 ± 11.27

36.64 ± 9.76

31.70 ± 10.08

Weight (kg) ʈ

66.77 ± 16.93

69.76 ± 18.69

67.29 ± 15.79

0.488

Height (m)ʈ

1.59 ± 0.08

1.59 ± 0.08

1.60 ± 0.06

0.786

0.160

BMI(kg/m2)ʈ

26.37 ± 5.75

27.40 ± 6.15

26.27 ± 6.16

0.450

WC (cm)ʈ

80.60 ± 14.46

83.80 ± 15.12

82.55 ± 16.30

0.326

HC (cm)ʈ

98.86 ± 12.93

99.98 ± 10.40

99.98 ± 10.61

0.782

WHR ʈ

0.82 ± 0.09

0.83 ± 0.10

0.82 ± 0.10

0.407

WHtR ʈ

0.51 ± 0.08

0.53 ± 0.09

0.52 ± 0.10

0.322

CI ʈ

1.14 ± 0.10

1.17 ± 0.10

1.17 ± 0.12

0.263

AVI ʈ

13.70 ± 4.87

14.74 ± 5.15

14.42 ± 5.68

0.358

BAI ʈ

31.53 ± 6.68

31.97 ± 5.30

31.51 ± 6.26

0.872

BF (%)ʈ

28.25 ± 8.35

28.76 ± 7.52

26.60 ± 10.80

TG (mmol/L)‖

1.00 (0.30-14.30) 1.00 (0.40-7.90) 0.85 (0.50-4.90)

0.575
0.677

TC (mmol/L)ʈ

5.44 ± 1.39

5.68 ± 1.39

5.55 ± 1.38

0.499

HDL-C

1.27 ± 0.32

1.36 ± 0.32

1.30 ± 0.38

0.159

3.85 ± 1.18

3.99 ± 1.25

3.98 ± 1.06

0.720

ʈ

(mmol/L)
LDL-C

(mmol/L)ʈ
ʈ
One-way ANOVA test; ‖ Kruskal-Wallis non-parametric test.
Data expressed as mean ± SD, or as median (minimum –
maximum) for the skewed data.

Abbreviations: n, number of subjects; BMI, body mass index;
WC, waist circumference; HC, hip circumference; WHR, waisthip ratio; WHtR, waist height ratio; CI, conicity index; AVI,
abdominal volume index; BAI, body adiposity index; BF (%),
body fat percentage; TG, triglycerides; TC, total cholesterol;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol

3.2. Genotypic and allelic frequencies of ACE gene I/D
polymorphism
The ACE gene II, ID and DD genotype distributions
were 47.9%, 42.7% and 9.6% in obese subjects and 54.5%,
36.6% and 8.9% in non-obese subjects, respectively,
Figure 1 shows the vasiulization of the ACE alleles and
genotypes on the gell picture. There was no significant
difference observed between groups (P=0.620). The I
allele frequency in obese and non-obese subjects was
69.0% and 73.0%, and the D allele frequency was 31.0%
and 27.0%, respectively. The difference in allelic
distribution between obese and non-obese was also not
significant (P=0.410) (Figure 2).

Figure 1. Determination of ACE gene I/D alleles by PCR
(separated on a 2% ethidium bromide stained agarose gel)

Figure 2. Genotypic and allelic frequencies of ACE I/D gene
polymorphism with obesity

3.3. Anthropometric measurements and lipid profiles by
ACE I/D genotypes in obese and non-obese subjects
The comparison of anthropometric measurements and
lipid profiles in obese and non-obese subjects with their
respective ACE I/D genotypes are shown in Table 3 and
Table 4. Anthropometric parameters and lipid profiles in
obese group did not differ among the genotypes, however,
triglycerides, total cholesterol and LDL-cholesterol levels
were consistently higher in ID and DD subjects as
compared to the II subjects without significant differences
(Table 2). In non-obese group, LDL-cholesterol was
slightly higher in II subjects than the DD and ID subjects
without statistical significance (Table 3).

270

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

Table 2. Comparison of anthropometric parameters and lipid profiles in obese subjects grouped by ACE genotypes
ACE genotypes
P-valuea
P-valueb
II (n=45)
ID (n=40)
DD (n=9)
Age (year)ʈ
40.13 ± 11.11
39.18 ± 8.51
34.44 ± 9.66
0.298
0.378
Weight (kg) ʈ
83.74 ± 12.23
85.70 ± 13.89
82.70 ± 7.92
0.706
0.591
Height (m)ʈ
1.60 ± 0.08
1.60 ± 0.09
1.59 ± 0.06
0.937
0.879
BMI(kg/m2)ʈ
32.64 ± 3.37
33.20 ± 3.51
32.52 ± 2.42
0.706
0.528
WC (cm)ʈ
94.05 ± 10.86
96.10 ± 11.04
97.17 ± 12.82
0.601
0.328
HC (cm)ʈ
109.98 ± 12.45
107.80 ± 9.06
109.72 ± 6.55
0.632
0.408
WHR ʈ
0.87 ± 0.08
0.89 ± 0.08
0.89 ± 0.12
0.366
0.156
WHtR ʈ
0.59 ± 0.06
0.59 ± 0.06
0.61 ± 0.08
0.511
0.293
CI ʈ
1.19 ± 0.09
1.21 ± 0.09
1.24 ± 0.14
0.456
0.327
AVI ʈ
18.21 ± 4.15
18.86 ± 4.26
19.39 ± 4.89
0.663
0.399
BAI ʈ
36.51 ± 6.74
35.19 ± 4.61
36.63 ± 4.50
0.534
0.372
BF (%)ʈ
33.87 ± 6.23
33.41 ± 6.01
34.22 ± 8.80
0.918
0.817
TG (mmol/L)‖
1.20 (0.50 – 14.30)
1.35 (0.60 – 3.60)
2.10 (0.90 – 4.90)
0.403
0.233
TC (mmol/L)ʈ
5.48 ± 1.45
5.96 ± 1.43
5.92 ± 1.59
0.294
0.117
HDL-C (mmol/L)ʈ
1.16 ± 0.32
1.27 ± 0.25
1.18 ± 0.38
0.247
0.146
LDL-C (mmol/L)ʈ
3.89 ± 1.16
4.35 ± 1.28
4.28 ± 1.19
0.216
0.081
ʈ
One-way ANOVA test; ‖ Kruskal-Wallis non-parametric test. Data expressed as mean ± SD, or as median (minimum – maximum) for the
skewed data
a
Comparison by one-way ANOVA test (II genotype vs. ID genotype vs. DD genotype) for all variables except for TG by Kruskal-Wallis
non-parametric test
b
Comparison by t-test (II genotype vs. ID + DD genotypes) for all variables except for TG by Mann-Whitney U test
n, number of subjects; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-hip ratio; WHtR, waist height
ratio; CI, conicity index; AVI, abdominal volume index; BAI, body adiposity index; BF (%), body fat percentage; TG, triglycerides; TC,
total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol
Table 3. Comparison of anthropometric parameters and lipid profiles in non-obese subjects grouped by ACE genotypes
ACE genotypes
Age (year)ʈ
Weight (kg) ʈ
Height (m)ʈ
BMI(kg/m2)ʈ
WC (cm)ʈ
HC (cm)ʈ
WHR ʈ
WHtR ʈ
CI ʈ
AVI ʈ
BAI ʈ
BF (%)ʈ
TG (mmol/L)‖
TC (mmol/L)ʈ
HDL-C (mmol/L)ʈ
LDL-C (mmol/L)ʈ

II (n=67)

ID (n=45)

DD (n=11)

33.75 ± 10.71
55.38 ± 7.36
1.58 ± 0.08
22.17 ± 1.82
71.56 ± 8.16
91.39 ± 6.07
0.78 ± 0.07
0.45 ± 0.05
1.11 ± 0.09
10.68 ± 2.30
28.18 ± 4.04
24.48 ± 7.43
0.90 (0.30-4.90)
5.42 ± 1.35
1.33 ± 0.30
3.82 ± 1.21

34.38 ± 10.33
55.60 ± 7.72
1.58 ± 0.08
22.25 ± 1.89
72.86 ± 8.27
93.03 ± 5.36
0.78 ± 0.08
0.46 ± 0.05
1.13 ± 0.10
11.08 ± 2.31
29.11 ± 4.13
24.62 ± 6.23
0.80 (0.40-7.90)
5.43 ± 1.32
1.43 ± 0.36
3.66 ± 1.15

29.45 ± 10.29
54.68 ± 5.93
1.61 ± 0.06
21.25 ± 1.85
70.59 ± 4.86
92.00 ± 4.92
0.77 ± 0.05
0.44 ± 0.04
1.11 ± 0.07
10.34 ± 1.32
27.33 ± 3.94
20.35 ± 8.04
0.70 (0.50-1.20)
5.25 ± 1.17
1.39 ± 0.38
3.73 ± 0.92

P-valuea

P-valueb

0.378
0.934
0.531
0.198
0.590
0.333
0.791
0.361
0.570
0.517
0.316
0.361
0.181
0.914
0.309
0.775

0.861
0.974
0.790
0.697
0.556
0.166
0.809
0.626
0.353
0.533
0.433
0.593
0.416
0.917
0.136
0.485

ʈ
One-way ANOVA test; ‖ Kruskal-Wallis non-parametric test. Data expressed as mean ± SD, or as median (minimum – maximum) for the
skewed data
a
Comparison by one-way ANOVA test (II genotype vs. ID genotype vs. DD genotype) for all variables except for TG by Kruskal-Wallis
non-parametric test
b
Comparison by t-test (II genotype vs. ID + DD genotypes) for all variables except for TG by Mann-Whitney U test
n, number of subjects; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-hip ratio; WHtR, waist height
ratio; CI, conicity index; AVI, abdominal volume index; BAI, body adiposity index; BF (%), body fat percentage; TG, triglycerides; TC,
total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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3.4. sociation of ACE gene I/D polymorphism and other
predictor variables with obesity
In a logistic regression analysis, the ACE I/D genotypes were
analyzed as categorical variables while age, triglycerides, total
cholesterol, HDL-cholesterol and LDL-cholesterol were included
as continuous variables (Table 4). There was no evidence that the
ACE I/D genotypes can be regarded as an independent risk factor
for obesity.
Table 4. Logistic regression analysis for the association of ACE
genotypes and other predictor variables with obesity
OR

95% CI

1.05

1.03 – 1.08 < 0.001

II
ID
DD

1.00 (ref.)
1.32
1.22

0.75 – 2.34 0.335
0.47 – 3.18 0.687

II
ID + DD

1.00 (ref.)
1.30
1.81
1.18
0.19
1.31

0.76 – 2.23
1.24 – 2.65
0.97 – 1.44
0.08 – 0.47
1.03 – 1.65

Age
ACE genotypes

TG (mmol/L)
TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)

P-value

0.335
0.002
0.096
<0.001
0.026

Age, TG, TC, HDL-C and LDL-C are included as continuous
variables; ACE genotype (II, ID and DD genotypes; II and ID +
DD genotypes) are included as continuous variables
TG, triglycerides; TC, total cholesterol; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; OR, odds ratio; CI, confidence intervals.

4. Discussion
In this cross-sectional, comparative study, the ACE
gene I/D polymorphism was determined for its association
with lipid profile, anthropometric measurements and the
risk for obesity in Malay adult subjects. The D allele
frequency in our study obese group (31.0%) was similar to
that range established in other Asian populations between
30.6% - 42.4% for the Indonesian (Sinorita et al., 2010),
Korean (Um et al., 2003; Kim, 2009; Yang et al., 2013)
and Japanese (Uemura et al., 2000), except for the higher
frequency among the Turkish (Bitigen et al., 2007; Akin et
al., 2010), Asian Indian (Poornima et al., 2014), Pakistan
(Javaid et al., 2011) and Arabs (El-Hazmi and Warsy,
2003). Asia is known for its ethnically diverse populations
and therefore could have a diverse patterns of D allele.
Comparative studies for obese Africans (Cooper et al.,
1997; Mehri et al., 2012) and Caucasians (Alvarez-Aguilar
et al., 2007; Bell et al., 2007; Wacker et al., 2008; Fiatal et
al., 2011) from different countries confirm their
phylogenetic similarities despite being from different
geographical areas.
This study found that the ACE gene I/D polymorphism
was not a predisposing factor for obesity in Malay,
demonstrated by similar D allele distribution in both obese
and non-obese groups. Furthermore, logistic regression
analysis showed that this polymorphism is unlikely to
increase the risk for obesity in this ethnicity. Also, no
significant differences between the ACE genotypes in all
parameters for anthropometric characterization indicates
that this polymorphism was not involved in the regulation
of body mass and adipose tissue. Previous studies among
the Pakistani (Javaid et al., 2011), Mediterranean
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population in Southern Europe (Riera-Fortuny et al.,
2005), Turkish (Bitigen et al., 2007), Greeks (Moran et al.,
2005) Italian (Strazzullo et al., 2003) and Korean (Yang et
al., 2013) populations provide considerable support for the
association of this polymorphism with obesity and its
associated phenotypes. However, other studies failed to
demonstrate any association at all (Nagi et al., 1998; Um et
al., 2003; Wacker et al., 2008). Differences in study design
(Um et al., 2003; Riera-Fortuny et al., 2005; Javaid et al.,
2011), effects of gender and age (Strazzullo et al., 2003;
Wacker et al., 2008), racial differences in D allele
distributions, different criteria used to define obesity
(Uemura et al., 2000; Um et al., 2003; Riera-Fortuny et al.,
2005; Kim, 2009) and nutrition profile (Yang et al., 2013)
could be the reason for inconsistencies between these
studies.
This study also found no significant interaction effect
between the ACE gene I/D polymorphism with lipid
profiles in the entire subjects, obese and non-obese groups.
However, carriers for D allele exhibit consistently higher
triglycerides, total cholesterol and LDL-cholesterol
without significant differences. The association between
this polymorphism and lipid profiles was still at the matter
of controversy. Carriers for D alelle have been associated
with altered lipid values in Japanese (Suzuki et al., 1996),
Israeli (Oren et al., 1999), Korean (Kim, 2009) and
Mexican (Alvarez-Aguilar et al., 2007) populations.
However, results from some other reports were
contradictory (Nagi et al., 1998; Uemura et al., 2000; Um
et al., 2003). The mechanism by which ACE gene variants
may influence lipid levels could be attributable to the
specific localization of the renin-angiotensin system in
adipose tissue (Schling et al., 1999), which suggests that it
may also involved in lipid metabolism. Differences in
ethnic background (Mao and Huang, 2013) and dietary
patterns (Yang et al., 2013) may also become significant
contributors.
Literature regarding the association of this genetic
polymorphism with obesity among Malay subjects is
scarce. Although the ACE gene I/D polymorphism was not
associated with obesity and its related phenotypes in
Malay, the risk imparted by this polymorphism still merits
attention. With regard to obese individuals potentially
developing favorable metabolic profile (Seo and Rhee,
2014), adipose RAS overexpression is also likely to occur
in certain obese individuals (Kalupahana and MoustaidMoussa, 2012), which could indirectly suggest that further
studies are needed to undermine the impact of this genetic
polymorphism in obesity among this ethnicity.
5. Conclusion
In conclusion, we have successfully identified the
genotypic and allelic frequencies of ACE gene I/D
polymorphism in Malay subjects. Although this
polymorphism is not associated with obesity in this
ethnicity, triglycerides, total cholesterol and LDLcholesterol levels showed a consistently higher trend in D
allele carriers as compared to the non-carriers.
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Abstract
Curcuma longaL. (Zingiberaceae), a natural spice, has been usually used in Algeria to treat gastrointestinal and liver
disorders. This study aims to evaluate protective and anti-inflammatory properties of aqueous extract of C. LongaL.rhizome
against hepatic damages induced by Paracetamol. The mice were divided into four groups (𝑛=11), the hepatotoxicity was
induced in mice by oral administration of acetaminophenat the last seven weeks. The aqueous extract was also administered
daily for 14 weeks with subjected of Paracetamol, the negative control group, and treated group with turmeric extract.
Histopathological study of the liver and several serum markers as serum albumin, gamma GT, blood glucose and
transaminases (ALT and AST) were analyzed. The results of biochemical parameters revealed increasing levels in ALT
(108.54U/L), AST (256.07U/L), and serum albumin (31.2g/L) in treated intoxicated group compared to Paracetamol
intoxicated group. Thus, the results demonstrated decreasing in levels of glycemia (0.3 g/L) and gamma GT (134.20
U/L).Moreover, the liver sections revealed macroscopically significant lesions, (hepatic necrosis) bloating and hydropic
lesions, vacuolization and steatosis in intoxicated mice. On the other hand, these lesions are less important in the treated
group with only turmeric. Animals were observed for any symptoms of toxicity after administration of extract to ensure its
safety. This results show that the extract of C. longa has hepatoprotective potential that could be partly attributed to
developed as drugs for the treatment of liver diseases.
Keywords: Curcuma longa; Paracetamol; mice; hepatotoxicity; hepato-protective effect.

1. Introduction
Paracetamol, known as acetaminophen or APAP, is one
of the most commonly used oralanalgesics and
antipyreticsdescribed in the 1960 in the USA (Yoon et al.,
2016). It has an excellent safety profile when administered
in proper therapeutic doses, but excessive use causes
Paracetamol
poisoning
and
generates
liver
damages(Woolley and Woolley, 2017).In the United States
and the United Kingdom, Paracetamol is the most common
cause of acute liver failure (Ryder and Beckingham, 2001;
Ferri, 2016). The toxic dose of paracetamol is highly
variable; in general the recommended maximum daily
dose for healthy adults is 4 grams(Freifeldet al., 2014;
Twycross et al., 2017). In the first 24 hours following
overdose, usually 7g per day (Ferri, 2016; Woolley and
Woolley, 2017) people have few or nonspecific symptoms,
like abdominal pain or nausea, yellowish skin, blood
clotting problems, and confusion occurs (Podolskyet al.,
2016; Yoonet al., 2016). Additional complication may
include pancreatitis, low blood sugar and lactic acidosis
paracetamol toxicity can cause death without treatment
after two weeks of exposure(Freifeldet al., 2014; Yoonet
al., 2016).There are risk factors which can increase this
toxicity, like alcoholism, malnutrition and certain other
medications (Ferri, 2016). Paracetamol poisoning is the
most common cause of acute liver failure that results not
*

Corresponding author e-mail: itadz@yahoo.fr; djebli_n@yahoo.fr.

from paracetamol itself, but from one of its metabolites, N
acetyl–p-benzoquinone imine (NAPQI) (Webb et al.,2016)
which decreases the liver’s glutathione and directly
damages hepatocytes(Proutet al., 2014).
Curcuma longa(Zingiberaceae)is a rhizomatous
perennial herb; the common name of this species is
turmeric (Kurkum in Algeria), original from to South Asia
especially India and Malaysia(Akramet al., 2010; Amel,
2015). It is commonly known as a spice and pigment for
preparing culinary dishes (Delaveau, 1987; Ghosh et al.,
2011).This plant species is well-known in India for its
therapeutic properties; its rhizome juice is used are taken
orally for the treatment of many diseases such as liver
problems, gastrointestinal disorders, asthma, bronchitis,
gonorrhea and urinary disorders, or as antihelmintic(Perry
et al., 2010). In addition; its essential oils including
tumerone, atlantone, and zingiberone are used in the
treatment of carminative, stomachic and tonic (Yadav et
al., 2017). The anticancer, antidiabetic, antioxidant, antiinflammatory,
and
antimicrobial
activities
of
aqueousextracts obtained from of the rhizome of C. longa
were previously reported (Amel, 2015).The turmeric is
used in combination with other plants or spices in the food
and medical fields. Hence, a mixture of the juice of this
plant with dried root of Pandanus odoratissimus Linn.
f.and water, taken early in the morning orally for 1-week
can be used to remedy urinary disorders (Mishra et al.,
2015).
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The bright yellow color of turmeric originates mainly
from
polyphenolic
pigments
known
as
curcumin(diferuloylmethane) (Lim et al., 2001).
Curcumin, the principal curcuminoid found in the rhizome
of turmeric, is generally considered its most active
compound. Several published studies showed that
curcumin has various therapeutic properties, like
anticancer effect involving in inhibiting the growth of
several different types of cancer, antioxidant, antiinflammatory, antimicrobial, antidiabetic, hepatoprotective
and neuroprotective activities (Lim et al., 2001). The
curcumin also exhibited the ability to block NF-κB and the
mutagenic response in Helicobacter pylori-infected
epithelial cells (Sarkar et al., 2016).
The present study was undertaken to assess the
hepatoprotective effect of aqueous extract of C. longa
rhizomes administrated with paracetamol overdoses
induced liver damage in mice, represented by blood
transaminases (TGO and TGP), albumin, total protein and
sugar levels, confirmed by the histological study of mice’s
liver. Treatment of mice with only the aqueous extract of
C. Longaat concentration of 2 mg/kg per day is examined
for the first time.
2. Materials and Methods
2.1. Chemicals
All chemicals and reagents were used of analytical
grade. Assay kit for serum aspartate aminotransferase and
alanine aminotransferase were taken from Dialab, Austria,
and Paracetamol (PCM) from Sigma-Aldrich USA.
2.2. Plant Material and Plant Extract Preparation
Turmeric dried rhizomes was purchased from alocal
market, Algeria. Species identification was performed by
botanical Professors of the University of Mostaganem
(Algeria).The rhizomes were cleaned, dried, and
homogenized in distilled water at a ratio of 1:10 of plant to
water and left macerated for 6 hours at 25°C with
occasional shaking and stirring. The mixture was then
filtered and concentrated, and the resulting liquid was
orally administrated to animals with final concentration as
2mg/kg per day.
2.3. Animals
Forty four healthy adult mice, aged of 30 ± 2 days and
weighing from 35−40 g, were obtained from Pasteur
Institute of Algeria. They were maintained at room
temperature (25.5°C) with a 12 h light/dark cycle, and
have been given a commercial pellet diet 18 g/day/mouse
(obtained from Algerian National Food Office of Cattle)
and fresh drinking mineral water.
2.4. Hepatoprotective Assay
The in vivo hepatoprotective activity of aqueous extract
of turmeric rhizome was determined using the
Paracetamol-induced hepatotoxicity test in mice, as
previously described by Jarsiah et al. (2018) with minor
modifications.
The mice were randomly divided into four
experimental groups, containing eleven mice in each
group. The first group received mineral water and served
as negative control group (C). Group II serving as
Paracetamol intoxicated group(P) received100mg/kg at the
first seven weeks increased to 200mg/kg at the last seven

weeks. Group III serving as Paracetamol-treated group
received paracetamol poisoning doses same as
Paracetamol intoxicated group and treated by turmeric
extract (P+T) at a dose of 2 mg/kg which showed no signs
of toxicity in mice. Finally, Group IV serving as treated
turmeric group(T) received 2mg/kg. These doses were
administrated orally by force-feeding.
The period of experimentation was 14 weeks under
standards laboratory conditions. The animals received the
corresponding dose of the respective test solution daily for
14 consecutive weeks. 72 h after the end of
experimentation, mice were scarified by decapitation
(chloral 3%).
The blood was collected in sterilized centrifuged tubes
which were then centrifuged to get serum for biochemical
studies. The animals were then sacrificed by cervical
dislocation and the liver was removed and dissected out
for histopathological studies.
2.5. Determination of Liver Function and Biochemical
Parameters
The collected serum was tested according to the
standard liver enzymes determination assays comprising
glucose, albumin, gamma GT, alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) levels were
measured using automat COBAS 6000 analyzer.
2.6. Histopathology
The liver tissue was dissected out and fixed in the 10%
neutral buffered formaldehyde for 24 hours, dehydrated in
gradual ethanol (50–100%), cleared in xylene, and
surrounded by paraffin wax. The sections, which were 45µm thick, were then prepared using rotary a Leica
microtome thickness (Leica RM 2125 RTS, Singapore)
and stained with hematoxylin and eosin dye 1% for 40
seconds for microscopic observation of histopathological
changes in the liver. Next, the liver sections were scored
and evaluated according to the severity of the hepatic
injury including fatty changes, cell necrosis, lymphocytes,
hyaline and ballooning degeneration as described by
Jarsiah et al. (2018) with slight modifications.
2.7. Statistical Analysis
Statistical analysis data obtained are presented as mean
± standard error of mean (SEM). The data were performed
using one-way analysis of variance (ANOVA) followed by
LSD test with α = 0.05. This treatment was carried out
using the SPSS v. 23.0 program (IBM Corp., Armonk,
New York, USA).
3. Results and Discussion
3.1. Determination of liver function and biochemical
parameters
Oral administration of paracetamol (100 and 200
mg/kg) for 2 weeks indicated anelevation in serum liver
enzymes such as alanine transaminase[Fig. 1-a],aspartate
transaminase[Fig.1-b], gamma GT[Fig. 1-c], blood glucose
level[Fig. 1.d], and albumin [Fig. 1.e] compared with the
control group. All of these results were ameliorated by
coadministration of turmeric aqueous extract. Therefore,
These findings may be in concord with many other studies,
thus the obtained results were similar with that acquired by
of Jarsiahet al. (2017) after intraperitoneal injection of
70.150 and 300 mg/kg of APAP to albino Wistar rats, the
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longa (100 mg kg-1) has a potent hepatoprotective effect
against paracetamol-induced liver damages in rats at 600
mg kg-1expressed by lowered serum liver enzyme
activities. Also, Salama et al.(2013) reported the
hepatoprotective effect of ethanolic extract of this species
at 2 and 5 g/kg on thioacetamide induced livercirrhosis in
rats with low levels of liver biochemistry.

overuse of acetoaminophen in mice and rats can caused
severe and extensive necrosis cells (liver damages), and
increased serum ALT/AST levels in rats. The ameliorative
effect of curcumin and its derivates against liver injury
induced by several drugs, such as paracetamol (Girish et
al., 2009) has been reported. The results attained by
Somchitet al.(2005), suggested that ethanolic extract of C.

(a)

(b)

(c)

(d)

(e)
Figure 1. biochemical parameters levels; (a) ALT, (b) AST, (c) Gamma GT, (d) Glucose, and (e) albumin in serum mice of different
experimental groups tested for 14 weeks.

The most frequently used preclinical species for drugs
hepatotoxicity are rats and mice. The severity of the
overall liver injury is very similar between mice and
humans (McGill et al., 2012). However the injury process
progresses much faster in mice than in humans, with peak
transaminases (ALT and AST) values, as indicator of liver
cell death, between 12 - 24 h in the mouse (McGill etal.,
2013) and 36-48 h in humans after overdose (Lee, 2013).
The mouse model of APAP hepatotoxicity is superior to
other animal’s model and most closely resembles the

human pathophysiology in terms of liver injury and
recovery. In the present study, the results showed an
increased serum ALT/AST and GT levels in mice, which
are proved byRay et al. (1996). An elevation of glucose
level in serum of intoxicated group was observed
compared to control mouse that may be caused by
oxidative stress and NAPQ effect. The administration of
phytosome curcumin effectively suppressed paracetamolinduced liver injury evidenced by a reduction of lipid
peroxidation level, and elevated of enzymatic antioxidant
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activities of superoxide dismutase, catalase, glutathione
peroxidase in mice liver tissue (Tung et al., 2017).
The Results showed that curcumin exerts remarkable
protective, anti-inflammatory and therapeutic effects of
oxidative associated liver diseases against hepatotoxicity
induced by paracetamol (Watkins and Seeff, 2006). The
ameliorative effect of curcumin and its derivatives against
liver injury induced by several drugs, such as paracetamol
has been reported(Nabaviet al., 2014)
In the present study, the results were confirmed by
other research, which conclude that the antioxidant ability
of curcumin and its derivatives is shown to be the main
protective mechanism against drug induced liver damages
(Negi et al., 2008). Oetariet al. (1996) demonstrated that
curcumin is a strong inhibitor of cytochrome P450; it can
also
normalize
antioxidant
enzymes
and
amelioratedacetoaminophen induced liver damage.

Figure 3. Microscopic study of liver tissue performed by staining
(H&E) in mice, (P) intoxicated group with two doses of
paracetamol (100 mg/kg, 200 mg/kg) and treated by curcumin (2
g/kg) compared with control group (P+T) (G×100). No specific
alterations or damage in liver tissue. The black arrows indicate a
best regeneration of liver tissue (cell’s mitosis)

3.2. Histopathology
The histological observations of control mice did not
show any histological alterations in the hepatocytes.The
liver sections showed normal structure with no damage in
the central vein and no change in sinusoids and
hepatocytes architecture [Fig.2,3,and 4]. In toxic control
group, the liver sections showed hepatocytes necrosis with
strict damage associated with central vein due to
paracetamol .

Figure 4. Microscopic study of liver tissue performed by staining
(H&E) in mice, (P+T) treated control group with curcumin (2
g/kg) compared with control group (C) (G×100). The black
arrows indicate normal structure of liver tissue compared with
control.

Figure 2. Microscopic study of liver tissue performed by staining
(H&E) in mice, (P) intoxicated group with two doses of
paracetamol (100 mg/kg, 200 mg/kg) compared with control
group (C) (G×100). The black arrows indicate hepatocytes
necrosis and strict and severe damage in intoxicated mice tissue,
normal structure with no damage in control mice tissue.

In group treated with turmeric aqueous extract, the liver
sections showed minor to moderate diffuse granular
degeneration and necrosis in liver cells, reduced damage
and regeneration of hepatocytes, bile duct, branch of
hepatic portal vein and minimal necrosis caused by
paracetamol intoxication .

Histopathology of the liver in control group and treated
mice by C.longaat a dose of 2g/kg, mice showed no
specific pathological changes. Effects of acetoaminophen
began to appear from doses of 100mg/kg and 200mg/kg:
presence of steatose and different lesions appear mild
hyperemia oedema of the portal area and mild infiltration
of inflammatory cells and apoptosis were observed, similar
results with others studies (Jarsiah et al., 2017), less
important in treated
group by curcumin.Our
histopathological study of APAP toxicity shows obvious
difference between the treated poisoned group and the
poisoned one. Histopathology and liver biochemistry were
significantly lower in the C. longa treated groups with a
dose of 2mg/kg compared with controls. Similar results
were obtained with ethanolic extract of C.longa rhizome
by Salama et al. (2013). Many reports indicated that
curcumin induced apoptosis and inhibited hepatocytes
proliferation (Wang et al., 2012). The progression of liver
damages caused by acetaminophen or paracetamol could
be inhibited by the antioxidant activities of curcumin and
the normal status of the liver could be preserved (Salama
et al., 2013). The model of cell death during paracetamol
hepatotoxicity is controversial. Animal studies have
concluded that the injury is caused by necrosis, an
increasing number of reports suggests that apoptotic cell
death plays a significant role.
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4. Conclusion
Overall, these outcomes suggest the protective role of
aqueous extract of C. longa with a weak concentration in
the prevention of paracetamol-induced hepatic toxicity in
micecause hepatotoxicity by forming reactive metabolites,
which were accompanied with a decrease of chemical
parameters in hepatic tissues. Changes in serum liver
levels might contribute the molecular mechanisms of the
tested plant associated with oxidative modifications in
liver tissue. Consequently, the protective effect of C. longa
against liver damage induced by Paracetamol could be
explained by its antioxidant properties. However, clinical
studies are necessitated to examine such an effect in
humans.
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Abstract
Prostate cancer (PC) management lacks any molecular targeted therapies. Statins have shown anticancer effects against PC
in both in vitro and in vivo studies. CX3CR1 is a receptor expressed by many cancer cell types, including PC. In this
research, we studied the effect of interaction of atorvastatin and CX3CR1/fractalkine on androgen-dependent PC cell line
22Rv1 compared to non-tumorigenic prostatic cells, RWPE-1. Experimental settings were based on investigating the effect
of atorvastatin on viability of 22Rv1 and RWPE-1 in the presence and absence of fractalkine. Neutralizing antibody specific
for fractalkine was used to neutralize the activity of the receptor in these experiments. MTT viability assay, adhesion assay,
and Western blot analysis for expression levels of CX3CR1, phosphorylated Akt and GSK-3 were applied. Results showed
that fractalkine partially reversed the 50% inhibition of proliferation mediated by atorvastatin on proliferation and adhesion
of 22Rv1 cancer cells. Similar effects were not noticed with normal RWPE-1 cells. Western blotting showed a dosedependent reduction in the expression of CX3CR1, levels of p-Akt and p-GSK-3 in the presence of fractalkine. This effect
was further enhanced when the effect of fractalkine was neutralized using specific antibody. Findings from this study
revealed that deprivation of fractalkine is a potential mechanism to enhance anti-proliferative effects of atorvastatin on
androgen-dependent prostate cancer cells with no effect on normal cells.
Keywords:Prostate Cancer, Fractalkine, Fractalkine receptor, Atorvastatin, Akt, glycogen synthase kinase-3.

1. Introduction
Prostate cancer (PC) is a major public health problem
worldwide and is the second leading cause of cancer
deaths among males in the United States (Siegel et al.,
2019). PC is characterized by an uncontrolled growth of
cancerous prostate cells in male reproductive system.
Treatment of PC is highly dependent on stage of the
disease. Options available for treatment include watchful
waiting, surgery, radiation therapy, androgen deprivation
therapy and chemotherapy. Furthermore, immunotherapies
have been developed, such as the tumor vaccine
sipuleucel-T, and pembrolizumab and were recently
incorporated into cancer treatment guidelines (NCCN,
2017). To date, no molecular targeted therapies have been
developed for PC.
Chemokines are cytokines that have a wide range of
physiological activities such as the ability to stimulate the
migration of cells (chemotaxis) and angiogenesis (Luster,
1998). Chemokines and their receptors are extensively
expressed in tumors, with different cancer types having
different
chemokine/receptor
expression
profiles
(Balkwill, 2003). Many studies have illustrated the effect
of chemokine-receptor signaling on tumorigenesis process
*
*

by promoting tumor growth and progression, angiogenesis,
metastasis and modifying the tumor microenvironment to
serve the tumor cells’ growth (Chow and Luster, 2014).
CX3C chemokine receptor 1 (CX3CR1) is a seventransmembrane G protein-coupled receptor and is
considered the only human receptor that binds fractalkine
(FKN) or CX3CL1 (Bachelerie et al., 2013) . CX3CR1 is
expressed in several immune cells, such as natural killer
cells (Imai et al., 1997), monocytes/macrophages (Segerer
et al., 2002), B and T lymphocytes (Wu, 2014), and
microglial cells (Nishiyori et al., 1998). In addition,
expression of CX3CR1 has been shown in neurons
(Meucci et al., 2000) and many tumors including gliomas,
breast, ovarian, and prostate cancers (Ferretti et al., 2014).
CX3CR1 has a unique and sole ligand, that is FKN
(Macor, 2012). FKN is found in two forms: anchored FKN
that functions as an adhesion molecule (Bazan et al., 1997)
and soluble FKN which functions as a chemoattractant
molecule (Garton et al., 2001). FKN was shown to be
overexpressed in PC spinal-metastatic sites compared to
primary tumor sites, thus promoting spinal metastasis (Liu
et al., 2018). The main source of FKN in spinal tissues is
differentiated osteoblasts (Shulby et al., 2004) which drive
chemotaxis and homing of PC cells to bone tissue. Normal
epithelial prostatic cells and cancerous ones express

Corresponding author e-mail: belalhusein@just.edu.jo.
Abbreviations:PC: Prostate cancer; FKN: fractalkine; GSK-3: glycogen synthase kinase-3; ATCC: American Type Culture Collection;
DMSO: Dimethyl sulfoxide; ANOVA: analysis of variance; FNAb: fractalkine neutralizing antibody, EDTA: Ethylenediaminetetraacetic
acid. PBS: Phosphate buffer saline, HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A.
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CX3CR1 on their surfaces. The expression, however,
reduces as cells become androgen-independent (Xiao et
al., 2012), indicating a greater role for CX3CR1 in
androgen-dependent PC. Stimulation of CX3CR1 in PC
cells by FKN will activate downstream singling pathways,
including MAPK, PI3K, and PLC pathways. No known
chemicals have the ability to downregulate CX3CR1
expression, and one group used small molecule inhibitors
to study the effects of CX3CR1 inhibition (Stout et al.,
2018).
Statins are lipid-lowering agents which act by
inhibiting HMG-CoA reductase enzyme. Statins are used
in practice for management of hypercholesterolemia.
Anticancer effects of statins are mediated directly by
lowering cholesterol levels and affecting growth factor
receptor signaling (Gbelcova et al., 2017), or by indirect
“pleiotropic” effects (Ciofu, 2012). Statins affect PC cells
by lowering cholesterol levels in lipid rafts and impairing
signal transduction pathways involved in cell survival
(Zhuang et al., 2005). Pleiotropic effects of statins include
anti-proliferative, anti-angiogenic, and pro-apoptotic
effects (Kavalipati et al., 2015). Statins affect multiple
signaling pathways, including PI3K/Akt and GSK
pathways. Atorvastatin is considered one of the most
effective statins with a preferable safety profile. A metaanalysis by Bansal et. al. showed that statins use was
associated with a reduction in the risk of developing PC
(Bansal et al., 2012). In addition, statins showed promising
results as therapeutic agents for PC management, such as
radio sensitization and direct killing effect on PC cells (He
et al., 2012). Statin users were shown to have favorable
clinical presentation after brachytherapy in localized PC
patients (Moyad et al., 2005), reduced levels of prostatespecific antigen (PSA) (Khosropanah et al., 2011),
reducing risk of PC recurrence after radical prostatectomy
(Hamilton et al., 2010), and reduced mortality (Yu et al.,
2013). Atorvastatin decreased FKN/CX3CR1 expression
in peripheral blood mononuclear cells in coronary artery
disease patients (Damås et al., 2005). It also reduced
CX3CR1 levels in peripheral monocytes in patients with
Crohn’s disease (Grip et al., 2008). It is unknown whether
atorvastatin affects the expression of CX3CR1 in PC cells
and the impact of such effect is still largely unknown.
In this study, we investigated the effect of atorvastatin
on androgen-dependent PC cells, focusing on
FKN/CX3CR1 axis. The effect was evaluated via studying
cell proliferation, cell adhesion and detecting the
expression of CX3CR1 and downstream targets of PI3K
pathway, namely Akt and GSK-3α/β to demonstrate the
molecular mechanism of such an effect.
2. Materials and Methods
2.1. Cell Culture
Cell lines were purchased from the American Type
Culture Collection (ATCC). Two cell lines were used:
androgen-dependent PC cells, 22Rv1 (ATCC® CRL2505™), and normal prostatic epithelial cells, RWPE-1
(ATCC® CRL-11609™). The 22Rv1 cells were cultured
in RPMI high glucose media (Euroclone, Cat# ECB9006L)
which contained 1% penicillin/streptomycin (Euroclone,
Cat# ECB3001D) and 10% fetal bovine serum (Biowest,
Cat# S1600). RWPE-1 cells where cultured in

Keratinocyte Serum-Free Medium (K-SFM, Gibco, Cat#
10724-011) after the addition of K-SFM supplements kit
(Cat#. 37000-015, providing 0.05 mg/mL bovine pituitary
extract and 5 ng/mL recombinant epidermal growth
factor). Cells were incubated at 37°C and 5% CO 2 . Media
replacement was performed every two days.
2.2. Drug Preparation
Atorvastatin calcium salt trihydrate (Sigma-Aldrich,
PZ0001) was dissolved in Dimethyl sulfoxide (DMSO,
Santa Cruz Biotechnology, SC-358801) to prepare stock
solutions of 10 mM. The drug was aliquoted and stored at 20°C.
2.3. Study Design
Both cell lines were cultured with and without
Recombinant Human Full Length CX3CL1/Fractalkine
(R&D Systems, Cat# 365-FR-025/CF) with different
concentrations of atorvastatin (1, 2, 5, 10 and 20 µM) vs.
vehicle-control and incubated for 48 hrs. Then, effects of
therapies were studied using the following assays:
2.4. MTT Cell Proliferation Assay
A total of 1×105 cells/200 µl of each cell line was
seeded into a 96-well plate for 24 hrs. The media was
withdrawn after that and 200 µl of variable concentrations
of atorvastatin (1, 2, 5, 10 and 20 µM) vs. vehicle-control
were added in triplicates. Then, plates were incubated for
48 hrs and 5 µg/mL FKN neutralizing antibody (FNAb)
(R&D System, Cat# MAB3652) was added for 30 minutes,
according to previously published work (Shulby et al.,
2004). Afterwards, 10 µl of a freshly prepared MTT
solution (prepared by dissolving 0.5 mg of MTT powder in
1 mL of used culture media) was added to each well. After
4 hrs of incubation at 37°C, media was removed and 200
µl of DMSO was added to each well to dissolve formed
formazan crystals. The plate was kept at room temperature
in the dark and absorbance was read at 570 nm using
microplate reader (EZ Read 400 microplate reader,
Biochrom, UK). The same procedure was done in
quadruplicates for each concentration while adding FKN
50 ng/mL for 24 hrs, according to previously published
work (Guo et al., 2012) for both cell lines.
2.5. Adhesion Assay
A 24-well plate was coated with a monolayer of 50 nM
of FKN according to previously published data (Fujita et
al., 2012). Coating was performed by diluting FKN with
phosphate-buffered saline (PBS, Euroclone, Cat#
ECB4053L) and then adding it to the plate and allowing it
to dry overnight under UV-light for sterilization. Both cell
lines were plated on a different 24-well plates and cultured
until 70% conflunt, then treated with atorvastatin (1, 2, 5,
10 and 20 µM) vs. vehicle-control for 48 hrs, each
concentration in quadruplicates. Afterwards, cells were
treated with 5 µg/mL of FNAb for 30 min. Next, cells
were washed with PBS and were then harvested by adding
trypsin-EDTA (Euroclone, Cat# ECB3052D) to each well
for 5 minutes. Cells where then collected, rewashed with
PBS and then were seeded on the coated plates and
incubated at 37°C, 5% CO2. After 1 hour, cells that didn’t
attached were washed off, remaining cells were fixed with
2% paraformaldehyde for 5-10 min. Crystal violet stain
(prepared by dissolving 2 g crystal violet in 20 mL of 95%
ethyl alcohol then adding them to 0.8 g ammonium oxalate
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monohydrate that was dissolved in 80 mL deionized water)
was applied. The stain was added to each well and
incubated at RT for 30 min, subsequently distilled H2O
was used to wash off excess stain. Cells were counted
under inverted light microscope. The same procedure was
repeated for both cell lines without adding FNAb.
2.6. Western Blotting
A total of 1×10⁴ cells of each cell line were seeded in a
6-well plate until 70% confluence. Atorvastatin (1, 2, 5, 10
and 20 µM) vs vehicle-control was added in duplicates for
each concentration for 48 hrs. FKN 50 nM was added to
each cell line for 15 minutes. Media was then
removedremoved, and cells were washed with ice-cold
PBS. A total of 500 µL of ice-cold lysis buffer (RIPA
buffer 10x (Abcam, Cat# ab156034) diluted to 1x with
PBS, with the addition of Pierce Protease and Phosphatase
Inhibitor Mini Tablets (ThermoFisher Scientific, Cat#
A32959), 1 tablet per 10 ml of lysis buffer) was added to
each well for 5 minutes. Cells were then scraped and
collected in an eppendorf tube. After 30 minutes of
incubation on ice, lysates were cleared by centrifugation,
and protein concentration was determined by DC™protein
assay (Bio-Rad, Cat# 500-0116). Samples were mixed
with 5x laemmli buffer. Equal amounts of protein were
loaded
into
4–20% Mini-PROTEAN®
TGX™
polyacrylamide gel (Bio-Rad, Cat# 4561094DC).
Afterwards, proteins were electroblotted on UltraCruz®
Nitrocellulose Pure Transfer Membranes (Santa Cruz
Biotechnology, Cat# sc-3724) for 1 hour at 250 mAmp
constant current. Protein bands were first detected on the
membrane using Ponceau S solution (1g of Ponceau S
(Cat# ab146313) + 50 mL acetic acid, completed to 1 L
with distilled H2O). Blots were incubated for 1 hour with
1.25% bovine serum albumin (Sigma Aldrich, Cat#
A9418) in PBS then washed three times with PBS
containing 1% Tween (PBST) and incubated overnight at
4°C with a 1:1000 Phospho-Akt (pSer473) antibody (Cell
Signaling, Cat# 9271). This was followed by washing
membrane and probing with 1:5000 secondary HRP
conjugated anti-rabbit IgG antibody (Cell Signaling,
Cat#7074s). Blots were re-probed with 1:1000 β-actin
primary antibody (Abcam, Cat# 8227) followed by 1:5000
secondary HRP conjugated anti-rabbit IgG antibody (Cell
Signaling, Cat#7074s). Same procedure was repeated
using 1:1000 CX3CR1 (Abcam, Cat# ab8021), 1:1000
Phospho-GSK-3α/β (Ser21/9) antibody (cell signaling,
Cat# 9331), and they were re-propped using 1:1000
GAPDH (Abcam, Cat# ab9485). For the second group, the
same procedure was repeated after treating cells with
(5µg/mL) of FNAb for 30 minutes (R&D System, Cat#
MAB3652). Membranes were developed using Amersham
ECL Select Western Blotting Detection Reagent (GE
Healthcare, Europe GmbH, Cat# RPN2235) and were
imaged using C-Digit® Blot Scanner (LI-COR, Lincoln,
NE). Bands were quantified using the provided Image
Studio™ Software version 5.0 for the C-DiGit Blot
Scanner.
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analysis. The significance was set at a P value of less than
0.05.
3. Results
In this study, we evaluated the effect of atorvastatin
treatment on androgen-dependent prostate cancer cell lines
in the presence or absence of FKN. The latter effect was
achieved by the addition of FNAb. We used normal
prostate epithelial cell lines as control for comparison.
3.1. Effects of Atorvastatin/FKN Interaction on
Proliferation
Figure 1 shows the effect of atorvastatin treatment on
proliferation of 22Rv1 and RWPE-1 cells. In the presence
of FKN, atorvastatin treatment had no effect on viability of
RWPE-1 cells; however, it significantly suppressed
viability of 22Rv1 cells at a concentration of 20 µM. When
FKN was blocked by FNAb, atorvastatin-induced growth
inhibition was enhanced in both cell lines. Cell
proliferation was significantly reduced at 20 µM and 10
µM of atorvastatin treatment in RWPE-1 and 22Rv1 cells,
respectively (Figure 1).

Figure 1. The effect of interaction of atorvastatin and FKN on
proliferation of 22Rv1 PC cells compared to RWPE-1 nontumorigenic cells. FKN: fractalkine; FNAb: fractalkine neutralizing
antibody. (*, P < 0.05; **, P < 0.005)

3.2. Effects of Atorvastatin /FKN Interaction on
Adhesion
Adhesion of cells to FKN-coated surfaces is shown in
Figure 2. Atorvastatin treatment did not affect adhesion of
RWPE-1 cells irrespective of the availability of FKN. On
the other hand, atorvastatin induced a dose-dependent
inhibition of 22Rv1 cell adhesion in the presence of FKN
but not to a significant level compared to control
treatment. However, neutralizing the effect of FKN by
FNAb enhanced atorvastatin inhibition of 22Rv1 cell
adhesion which was significant at 10 µM concentration of
atorvastatin (Figure 2).

2.7. Statistical Analysis
All data was presented as mean ± SEM. To determine
significant differences between treatment and control
groups, we used the one-way analysis of variance
(ANOVA) and conducted post-hoc multiple comparison

Figure 2. The effect of interaction of atorvastatin and FKN on
adhesion of 22Rv1 PC cells compared to RWPE-1 nontumorigenic cells to FKN coating material. FKN: fractalkine;
FNAb: fractalkine neutralizing antibody. (**, P < 0.005; ***, P <
0.0005;)
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3.3. Effects of Atorvastatin/FKN Interaction on CX3CR1
expression and downstream signaling pathways
To further understand the ATV-FKN-CX3CR1
interaction, we investigated the molecular effects of
atorvastatin treatment on both cell lines in the presence of
FKN as shown in Figure 3. Atorvastatin reduced
expression of CX3CR1 in both 22Rv1 and RWPE-1 cells
in a dose-dependent manner. In the absence of atorvastatin
treatment, the presence of FKN with or without its
neutralizing antibody did not alter expression of CX3CR1
compared to vehicle-treated control groups in both cell
lines (Figure 3, left panel). In concordance to findings

from viability studies, atorvastatin treatment significantly
reduced expression of CX3CR1 at concentrations of 10
and 20 µM in 22Rv1 PC cells, in which neutralizing FNK
enhanced the effects of atorvastatin (Figure 3, left panel).
Atorvastatin reduced levels of phosphorylated (active) Akt
and GSK-3 in both cell lines with greater suppression of
expression in 22Rv1 cells (Figure 3, middle and right
panels). Similarly, atorvastatin’s effect on active Akt and
GSK-3 levels was further enhanced when FKN was
blocked using FNAb, starting at 10 µM concentration of
atorvastatin in 22Rv1 cells.

Figure 3. The effect of interaction of atorvastatin and FNK on expression of CX3CR1, p-Akt and p-GSK-3α/β in 22Rv1 PC cells
and RWPE-1 non-tumorigenic cells. Top panel represent Western blot bands for the indicated proteins and the bottom panel
indicates densitometric analysis for the expression of each protein compared to the respective vehicle-treated control group. FKN:
fractalkine; FNAb: fractalkine neutralizing antibody. (*, P < 0.05; **, P < 0.005)

4. Discussion
In this study, we have shown the ability of atorvastatin
to reduce proliferation and adhesion of 22Rv1 cells in the
presence of FKN. These effects of atorvastatin were
further enhanced with the use of FNAb to neutralize FNK.
On the other hand, we can view those results as that
atorvastatin induced reduction of proliferation and
adhesion of 22Rv1 cells in the presence of FNAb, and that
effect was partially reversed in the presence of FKN. This
could suggest the future use of FNAb in combination with
other anticancer agents to enhance their effects. Growth
and adhesion inhibition induced by atorvastatin was more
substantial in 22Rv1 cells compared to RWPE-1 cells.
This finding supports a greater selectivity for atorvastatin
effects on cancer cells compared to non-cancerous ones
further reflecting the potential margin of safety for using
atorvastatin. In previous work, we have studied the effect
of simvastatin on proliferation of LNCaP cells and it was
much higher than what we found using atorvastatin (a
more potent statin) (Kochuparambil et al., 2011). Some
recent work shows a higher expression profile of multiple
lipids in LNCaP cells compared to 22Rv1 cells (Sorvina et

al., 2018). This might explain the reduced sensitivity of
22Rv1 cells to statins, compared to LNCaP cells.
Cell adhesion is essential for growth and survival of
cancer cells, as well as cell-to-cell communication (Lodish
et al., 2000). Furthermore, cancer cell adhesion is an
important step that mediates metastatsis to distant sites
(Chen, 2012). Progression to metastasis in PC reduces 5year survival down to 30% (American Cancer Society,
2018). Homing molecules are very important in metastasis
of cancer cells in general. Those molecules include
integrins, chemokines, as well as selectins. We have
previously studied and found an association between
integrin αvβ3 located on PC-3 cells and its adhesion
potential to ICAM-1 in the presence of simvastatin (AlHusein et al., 2013). Our current study showed reduced
adhesion of 22Rv1 cells in response to atorvastatin
treatment. This effect was shown in the presence of FNAb
while there was no significant effect in the presence of
FKN or in normal epithelial prostatic cell, RWPE-1. FKN
and its receptor have been shown to enhance the migration
of PC cells toward osteoblasts and to promote their
adhesion (Shulby et al., 2004). Thus, impairing the
interaction between FKN and its receptor could be a
promising strategy to prevent progression and metastatsis
of PC cells to bone, a common site for disease metastasis.
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To the best of our knowledge, this is first study to show
the ability of atorvastatin to reduce the expression of
CX3CR1 in 22Rv1 cells in a dose-dependent fashion. This
effect was enhanced by blocking the effect of FKN by
FNAb. This could mean a reduction of both CX3CR1mediated adhesion as well as CX3CR1-mediated
signaling. The latter effect could have multiple
implications as it means blockade of both adhesionmediated signaling facilitated by anchored FKN, or FKNmediated signaling as a soluble mediator. In addition,
downregulation of CX3CR1 prevents the migration of PC
cells towards osteoblast cells which bind to FKN on their
surfaces (Mantovani, 1999). Collectively, this could be of
great importance in management of not only PC, but also
lung and kidney cancers, especially in the prevention of
spinal metastasis (Liu et al., 2017). Multiple studies have
also demonstrated the effect of atorvastatin on the
expression of CX3CR1 in patients with coronary artery
disease (Kureishi et al., 2000, Gotto, 2009, Nawrocki et
al., 1995). Our results are in agreement with earlier studies
revealing atorvastatin suppression for of CX3CR1
expression.
Signaling through the PI3K pathway results in
activation of downstream Akt and GSK-3 molecules which
are involved in survival and apoptotic cellular processes
(Shulby et al., 2004). PI3K/Akt/GSK pathway is a major
player involved in many tumor types. Simultaneously,
FKN/CX3CR1 axis activation results in activation of PI3K
pathway (Mantovani, 1999). Akt is has been found to be
amplified in many tumorigenic processes and its presence
is related to more aggressive tumors (Mitsiades et al.,
2004). GSK-3 is also a downstream target in PI3K
pathway and its levels are elevated in PC as it is highly
involved in cell proliferation, apoptosis, and migration
(Rinnab et al., 2008). Atorvastatin treatment of 22Rv1
cells reduced the level of phosphorylated/active Akt
(S473), that is known to be associated with effects on cell
proliferation (Gao et al., 2003), survival (Harashima et al.,
2012){Gao, 2003 #55}, invasion (Shukla et al., 2007) and
angiogenesis (Jiang and Liu, 2008). Similarly, levels of
phosphorylated/inactive GSK-3α/β (S9/21) were decreased
in response to atorvastatin in 22Rv1 cells. This effect on
phosphorylation was further enhanced by FNAb addition.
The inhibition of phosphorylation of GSK-3 is linked to
inhibition of adhesion as well effects on transcription
factors related to cell cycle progression and proliferation
(El Touny and Banerjee, 2007). In agreement with our
work, effect on cell cycle activation was also noticed to be
mediated by FKN through effects on cyclin E and CDK2
CKD 2 and was reversed by FNAb (Tang et al., 2015). We
provide additional information on the inhibitory effect of
atorvastatin on the phosphorylation of Akt and GSK-3α/β
in PC cells, which comes in harmony with other studies
which investigated the impact of using simvastatin on
LNCAP cells (Kochuparambil et al., 2011). Collectively,
results show that combined use of atorvastatin and FKN
further enhanced the inhibition of PI3K pathway, a major
altered pathway during tumorigenesis, ultimately
mediating anti-proliferative and anti-apoptotic properties
(D'Haese et al., 2010).
The choice of atorvastatin in our study seems appealing
as it is considered now as one of the most effective statins
because of its significant reduction not only to LDL levels
but also to other lipids such as triglycerides (Expert Panel
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on Detection and Treatment of High Blood Cholesterol in,
2001). One study has shown that a single daily dose of 10
mg of atorvastatin in 22 subjects can achieve a median
concentration 10 µM, which was within the range of
concentrations used in this study (Reddy et al., 2011). A
10 mg dose of atorvastatin is considered the minimum
dose used to treat hypercholesterolemia (Medscape, 2019).
5. Conclusions
Atorvastatin induces anti-proliferative effect that is
enhanced by blocking the effect of FKN by FNAb in PC.
Moreover, atorvastatin inhibits cell adhesion of PC cells
and subsequently could potentially prevent metastasis.
Both effects suggest an anticancer and anti-metastatic
effect of the combination of atorvastatin and FKN
inhibition. Additionally, it decreases the active
phosphorylated levels of Akt and GSK-3α/β. On the other
hand, our study found minimal negative impact of this dual
inhibition on normal prostatic epithelial cells. Figure 4 is
an illustration which summarizes the findings of this study.

Figure 4. Schematic representation of findings of this study.
Thickness of inhibition of arrow relatively expresses extent of
inhibition.
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Abstract
Sesamum indicum is one of the most important ancient oil crops in the world. In fact, this plant, in particular its seeds, is
used for food, medicinal and industrial purposes. This article provides an evaluation of the biochemical composition,
antioxidant and anti-inflammatory activities of dehulled sesame seeds Sesamum indicum and its coat fraction. Results
analysis of our investigation showed that the level of total fatty oil, total protein and total sugars were present with 47.27%,
18.84% and 2.18% respectively. However; these compounds were significantly decreased in the coat fraction. On the
contrary, the mineral content can be five times higher in the coat fraction, especially for calcium with a value of
831.11mg/100g, compared to dehulled seeds. Quantity of total phenolic and flavonoids were highest in the hydro-methanolic
extract of seeds coat with 3.05±0.08mg GAE/g and 0.99±0.02 mg QE/g respectively. The same extract exhibited antinflammatory activity and antioxidant power, demonstrated by significantly decreasing in inflammation induced by
carrageen in rats (85.56%), significant antioxidant activity (DPPH) (IC50: 2.12 mg/ml) and highest total antioxidant activity
(95.5μg/ml). This study suggests that seeds coat of sesamum indicum contain interesting phytochemical potential and
significant biological activities.
Keywords: Sesamum indicum; biochemical composition; mineral composition; phytochemical analysis; antioxidant activity; antiinflammatory activity.

1. Introduction
Sesame (Sesamum genus) belongs to the family of
Pedaliaceae that holds around 36 species (Bedigian et al.,
1986). Commonly called as “Simsim” in the Arabic world,
it represents one of the most economically important and
ancient crops. In terms of traditional and popular uses, the
seeds are largely used in the cuisine preparation.
Nutritionally, they are rich in fatty oil (44 - 58%), protein
(18 - 25%), and carbohydrates (13.5%) (Bedigian et al.,
1986). The seed contains a high level of unsaturated fatty
acids (Were et al., 2006). Its protein fraction is rich in
arginine, leucine and methionine amino acids (Namiki,
1995). Recently, studies have shed light on the interesting
biological activities of sesame, especially the analgesic
effect (Wu et al., 2006), the antioxidant power (Cooney et
al., 2001) and the ability to reduce the plasma cholesterol
(Moazzami et al., 2006).
*
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It is known that oxygen is the source of life of aerobic
organisms; however, it can also represent a source of
degradation for organisms (stress oxidative). In fact, it is
the ultimate electron acceptor in the electron flow system.
Therefore, most biological issues appear during the
transfer of unpaired single electrons due to endogenous
and exogenous bio processes, which lead to the
development of free radicals (Davies, 2004), such as
hydrogen peroxide H 2 O 2 , alkyl peroxides ROOH,
superoxide O 2 , hydroxyl radicals OH and peroxyl ROO
(Gülçin, 2012).ROS (Reactive Oxygen Species) residues
are the result of several biological and biochemical
impairments that affect nucleic acids, lipids, proteins and
carbohydrates (Halliwell, 1990; Elmastaş et al., 2006). An
antioxidant is defined as a substance that has the ability to
significantly delay or inhibit the oxidation process, in low
concentrations compared to the oxidizable substrate
(Halliwell, 1990). The source of antioxidants could be
endogenous (ex: superoxide dismutases), or exogenous (ex:
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flavonoids) (Arora et al., 2002). Recently, a growing body
of studies has focused on plant origin antioxidants as a safe
substance (Namiki et al., 1995). Phenolic compounds
represent the major group of natural substances that act as
primary antioxidants (Fawole, 2009). On the other hand,
inflammation is one of the common manifestations of
many diseases (Amabeoku, 2012). It is a biological
response of exogenous and/or endogenous aggression such
as infections caused by micro-organisms and damaged
cells (Ferrero-Miliani et al., 2007).The organism reacts by
eliminating possible pathogens in order to revert the
damaged tissue to its normal state (Lawrence et al., 2007;
Nathan, 2002). However, when inadequately controlled,
inflammation can cause severe tissue damages (Alessandri
et al., 2013; Coussens et al., 2002).Thus, the antiinflammatory effect of steroidal and non-steroidal drugs
has been widely studied (Barnes et al., 1998;Landolfi et
al., 1994).
Sesame seeds are largely processed in many
ways;“Tahini” is one of the food products obtained after
industrial transformation of sesame seeds. Thus, dehulling
is primarily used to obtain clear and white sesame seeds
which are a main ingredient in the “Tahini” preparation.
The coat fraction is undesirable (industrial residues)
(Elleuch et al., 2007). The aim of the current study is to
demonstrate that the sesame by-products obtained by
means of dehulling may have bio-medicinal properties. For
this purpose, this research will shed light on the
phytochemical composition, antioxidant effect and antiinflammatory activity of the dehulled and seed coat of
sesame.
2. Materials and Methods
2.1. Preparation of plant material
A Moroccan sesame sample was collected from the
agricultural province of Taounat situated in the north of
Morocco at 34° 33' North, 4° 39' West. To get fraction
coat, raw seeds were soaked in water at room temperature
to facilitate the peeling off the coat, the seeds were then
dehulled manually. Seeds coat fraction (SC), which is very
light in weight and brown in color, and dehulled seeds
(DS) were separated and stored at 4 ºC.
2.2. Biochemical composition
2.2.1. Total Oil content
Total oil content of SC and DS was extracted using the
Soxhlet system (Abaza et al., 2002). In fact, 2g of dried
samples was extracted using hexane solvent in a Soxhlet
extractor. The oil was then recovered by evaporating the
solvent using a rotary vacuum evaporator. Total oil content
was calculated according to the following formula (1):
(1) Total oil content (%) = (Weight of extract)/ (Weight
of sample) x 100
2.2.2. Total protein content
For determination of total nitrogen concentration, the
Kjeldahl method was used as described by McKenzie and
Wallace (McKenzie et al., 1954). Then, the total nitrogen
content was multiplied by 6.25 to determine the protein
content of sesame seeds (Khalid et al., 2003). Briefly, a
sample of 1g was digested with 8 ml of concentrated
H 2 SO 4 into the Kjeldahl flask, in the presence of a catalyst

(potassium sulfate, copper sulfate) until the color of the
mixture changed to greenish. Then, to distill the sample,
15 ml of NaOH (30%) was added using a semi-automatic
distillation system. 4% boric solution was used to collect
the produced nitrogen NH 3 . The titration was conducted
with H 2 SO 4 in the presence of mixed indicator solution
(bromocresol green and methyl red). The following
equation (2) was used to estimate the total Nitrogen
concentration:
(2) Total protein content (%) =6.25× [V (H 2 SO 4 ) ×N
(H 2 SO 4 ) ×0.014×SW]
Where: V (H 2 SO 4 ): volume of H 2 SO 4 used for titration, N
(H 2 SO 4 ): the normality of H 2 SO 4 used for titration, SW: sample
dry weight. 0.014: mili equivalent of nitrogen.

2.2.3. Total soluble sugars
100mg of ground seeds of SC and DS was extracted
with 4 ml of ethanol (80%); the mixture was then placed in
a water bath at 80°C for 30 min. After centrifugation (10
min at 4500 rpm), the supernatant was collected and the
sugar content was analyzed with anthrone reagent (0.2%
(w/v) anthrone in sulfuric acid). The absorbance was read
at 625 nm by using a spectrophotometer and then
converted into its glucose equivalent (mg/g) (Dubois et al.,
1956).
2.2.4. Mineral content
The mineral contents, including potassium, phosphorus,
calcium, sodium, magnesium, were analyzed by inductive
coupled plasma mass spectrometry (ICP-MS) (Zhao et al.,
1994). Briefly, 0.1 g of dried seeds of SC and DS was
digested using concentrated HCl for 5 hours. After being
cooled, the sample was then diluted with de-ionized water.
All samples were analyzed using ICP-MS.
2.2.5. Total Phenolic Content
For extracts preparations, methanol: water (70:30 v/v)
was added to ground and dried samples of SC and DS,
with constant shaking for 8 hours. The extracts were then
filtered using Whatman filter paper and concentrated under
reduced pressure. Total phenolic content of each hydromethanolic extract was determined according to the
method of Folin and Ciocalteu (1927), with minor
changes. Briefly, the appropriate dilution of each extract
was mixed with 1ml of the diluted Folin–Ciocalteu
reagent. Then, 2 ml of 5% sodium carbonate solution was
added. After incubation for 2 hours at room temperature,
the absorbance was measured at 750 nm. Results are
expressed as Gallic Acid Equivalents (GAE).
2.2.6. Total Flavonoids Content
To evaluate the total flavonoids content, 0.1ml of
hydro-methanolic extracts of SC and DS were mixed with
aluminium chloride methanolic solution (10%) and 0.1ml
of sodium acetate. After incubation, the absorbance was
measured at 415nm. Results are expressed as Quercetine
equivalents (Ordoněz et al., 2006).
2.3. Evaluation of the Antioxidant Activity
2.3.1. DPPH scavenging activity
The effect of extracts on the 1,1-diphenyl-2picrylhydrazyl (DPPH) radical scavenging was estimated
according to the method of Molyneux (Molyneux et al.,
2004) with minor modifications. Different concentrations
of hydro-methanolic extracts were added to the DPPH
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solution (0.5 mM), and then the mixture was incubated at
room temperature for 30 min. The absorbance of the
solution was measured at517 nm. Ascorbic acid was used
as a positive control. The proportion of the DPPH radical
scavenging is calculated using the following equation (3):
(3) % inhibition of DPPH radical = [(Ac –
Ae)/Ac)]*100
With Ac: Absorbance of the control and Ae: Absorbance of the
extract.
The inhibition % of DPPH radical was then used to calculate
IC50, which is the anti-radical concentration required to cause
50% of inhibition.

2.3.2. Total Antioxidant Capacity (TAC)
Total antioxidant capacity was carried out using the
phosphomolybdenum method according to Prieto et al.
(1999). The tubes, containing a mixture of hydromethanolic extract solutions of SC or DS, and reaction
solution(0.6 M sulfuric acid, 28mM sodium, and 4 mM of
ammonium molybdate), were incubated at 95°C for 90
min. After the cooling process, the solution absorbance
was measured at 695 nm. The antioxidant activity was
expressed as ascorbic acid equivalents.
2.4. Evaluation of the anti-inflammatory activity
The anti-inflammatory activity of SC and DS was
evaluated by the carrageenan induced rat paw oedema
assay previously reported by Winter et al. (1962). Rats
were divided into five groups, each containing five adult
animals. Group I served as a negative control group
receiving normal saline, groups II–IV were given topical
application of cream formulated in our laboratory by
mixing the neutral cream with each extract at doses of 10%
and 15%. Diclofenac gel was used for groupV, as a
positive control group. Oedema was induced by subplantar
injection of 0.1 ml carrageenan (1%, w/v) into the right
hind paw of each rat. The paw size was measured just
before the carrageenan injection, and then immediately at
3, 4, 5, and 6h after the injection of carrageenan.
Percentage inhibition of oedema thickness in treated
animals compared to the control group was calculated
according to the following formula (4):
(4) % inhibition of oedema = [(Sc – St) / Sc]*100
Sc: the Mean increase in paw size of control group; St: the mean
increase in paw size of the treated groups.

2.5. Statistical analysis
Statistical analysis was performed using SYSTAT 12.
Data were subjected to one-way analysis of variance
(ANOVA) in order to determine significant differences
among the treatments. The results were considered
significant at P<0.05.
3. Results
3.1. Proximate composition
The proximate chemical composition of SC and DS is
illustrated in Table 1, total Oil, total protein and total
soluble sugars were found to be higher in the whole
fraction with 47.27%, 18.84 % and2.18% respectively than
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the coat fraction. Furthermore, we observed variations of
mineral distribution between dehulled seeds and its coat
fraction (Table 1). In fact, phosphorus was concentrated in
the DS with 14.09±1.28 mg/100g. Unlike calcium, which
is almost 5 times higher in the coat fraction (831.11±1.5
mg/100g) compared to dehulled seeds (166.28±1.32
mg/100g). Also, the value of sodium was found to be
43.9% higher in SC than DS. As for potassium and
Dehulled seeds

Seeds coat

Total oil%
Total Protein%

47.27±0.6a
18.84±0.09a

5.34±0.15b
7.57±0.1b

Total soluble sugars %

2.18±0.08a

0.75±0.03b

Mineral compounds
Calcium(mg/100g)

166.28±1.5b

831.11±1.32a

Potassium(mg/100g)

414.6±4.56a

340.48±3.2a

Magnesium(mg/100g)

239.4±3.21a

278.58±2.5a

Sodium (mg/100g)

14.09±1.28a

25.12±2.67b

Phosphorus(mg/100g)

576.23±2.1a

76.41±1.81b

magnesium, they have the same quantity both in DS and
SC with about 377± 4.56 and 258±3.2 mg/100g.
Table 1. Biochemical composition of dehulled seeds and seeds
coat of sesame
Levels of all components measured in the DS and SC fractions
were found significantly different (P >0.05%). Data is presented
as Means ± Standard Error (SD).

The effect of dehulling on total phenolic content and
total flavonoid content is shown in Table 2, indicating that
SC was the richest source of poly-phenols. In fact, the
Extract type

Total phenolic
content (mg GAE /g )

Total flavonoids
content (mg QE/g)

Dehulled seeds

1.13±0.0.7*

0.1 ± 0.04**

Seeds coat

3.05 ± 0.08*

0.99 ± 0.02**

value of total phenolic compounds and total flavonoids of
SC was 37.4% and 67.54%higher than DS.
Table 2. Total phenolic and flavonoids content of dehulled and
seeds coat (on dry weight basis)
Total phenolic (*) and flavonoids (**) content of the DS and SC
fractions were found significantly different (P> 0.05). GAE: gallic
acid equivalents; QE: Quercitin Equivalents. Data is presented as
Means ± Standard Error (SD).

3.2. Evaluation of the antioxidant Activity
The extract of SC exceeded DSin regards to DPPH
scavenging activity, in all doses used Fig.1. However, both
extracts showed a low antioxidant activity when compared
with the capacity of ascorbic acid to reduce DPPH. In fact,
the inhibition percentage of DS was 23%, 51% and 59%
for the concentrations of 5mg/ml, 10mg/ml and 15mg/ml
respectively, compared to those of the ascorbic acid: 62%,
88% and 99% respectively within the same concentrations.
In SC, the inhibition percentage of DPPH radical was
37%, 72% and 85% respectively within the same
concentration. Based on Fig.1, the IC50 found for the
extract of SC corresponded to2.39mg/l, compared to
ascorbic acid which has an IC50=2.12 mg/ml.
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4. Discussion

Figure 1. Antioxidant activities of the hydro-methanolic extracts
of dehulled and seeds coat as assessed by the DPPH method
compared to ascorbic acid. AA: ascorbic acid, DS: dehulled seeds,
SC: seeds coat. Data is presented as Means ± Standard Error (SD).

Concerning Total antioxidant capacity TAC, Fig.2
shows the total antioxidant capacity of SC and DS which
increased with concentration of each extract. The value of
TAC for SC hydro-methanolic extract showed 95.5μg/ml
of ascorbic acid equivalent at 100 μg/ml concentration, this
value decreased by 43% for DS (p <0.05).

Figure 2. Total antioxidant capacity of the hydro-methanolic
extracts of dehulled and seeds coat in ascorbic acid equivalent.
DS: dehulled seeds; SC: seeds coat. Data is presented as Means ±
Standard Error (SD).

% inhibition of Oedema

3.3. Evaluation of the anti-inflammatory activity
As illustrated in Figure3, after 6 hours of carrageenan
injection, both doses of 10% and 5% of SC extracts
showed maximum inhibition of carrageenan (70% for 5%
and 85.56% for 10%) in comparison to Diclofenac at 1%
which produced an inhibition of 78.9%. Thus, inhibition of
inflammation from DS has shown the lowest effect after
6hours, which reached 46% and 58.17% respectively for
5% and 10% respectively.

Figure 3. Anti-inflammatory effects of dehulled seeds and seeds
coat in the carrageenan induced rat paw oedema test. Dic:
Diclofenac 1%, SC: hydro-methanolic extract of seeds coat, DS:
hydro-methanolic extract of dehulled seeds.

In this study, phytochemical composition, antioxidant
effect and anti-inflammatory activity of the dehulled and
seeds coat of sesame were evaluated.
Concerning our results, the data revealed that the
dehulling process increased protein, oil, and soluble sugar
content in DS when compared to SC; this difference in
concentration is likely due to the storage localization of
those natural compounds in the endosperm layers of
sesame seeds as has been shown by El-Adawy and
Mansour (2000). On the other hand, it is known that that
magnesium (intracellular cation) and potassium
(extracellular cation) play a preventive role in blood
pressure and cardiac issues (Swaminathan, 2003 and
Weaver, 2013). In fact, it has been reported that a diet
containing 20% sesame can slow aging and decrease lipid
peroxidation (Yamashita et al., 1990 ; Namiki, 2007). In
addition, phosphorous is another important nutrient for
maintaining bone formation. Our observation showed that
phosphorus was highly concentrated in the DS, contrary to
the sodium that was found to be higher in SC than DS. As
to potassium and magnesium, they have the same quantity
both in DS and SC. These results confirm the findings
reported by Wang et al. (2008) for Pisum sativu. Calcium
plays a crucial role not only in physiological reactions
(vascular contraction, neutral transmission…) but also in
preventing osteoporosis (Park et al., 2011). Our study
showed that the quantity of calcium was higher in coat
fraction than dehulled seeds. Chang et al. (2002) reported
that oxalate binds to calcium to form calcium oxalate, a
type of crystal, which is found to be localized mainly in
the seed coat. The nutritionally available calcium was
estimated to be less than 25% of the total calcium (Namiki,
2007).
The identification of bioactive compounds and their
activities from industrial residues has been the subject of
many studies. The peeled parts of many fruits have been
found to have a higher concentrate of phenolic compounds
than the edible parts. According to our results, the SC
extract showed higher phenolic and flavonoids content
than the DS extract. Elleuch et al. (2007) had shown that
the polyphenols are associated with dietary fibers in the
sesame coat. The same observation has been registered for
coats of numerous fruits like peanut (Yen et al., 1994), pea
(Watanabe et al., 1997), wheat (Ohta et al., 1994) and
bean (RodrõÂguez et al., 1994). Phenolic compounds are
known for their antioxidant activities and are considered as
the most predominant antioxidants (Abaza et al., 2002).
Many studies highlighted the role of plants, whose
extracts have a total antioxidant capacity, in prevention of
oxidative stress (Abushouk et al., 2017; Uddin et al.,
2018). The antioxidant power of the extracts of DS and SC
were shown by two complementary spectrometric
methods. The free scavenging activity efficiency is
indicated by the neutralization of free radicals (DPPH),
which arepurple-colored (Zhao et al., 1994). The TAC is
based on green phosphomolybdenum complex formation.
In fact, at acidic pH, Mo (V) is reduced to Mo (VI). Based
on our data, the DPPH scavenging activity of SC was
found to be higher in DS. This difference can be explained
by the ability of coat extract to act as hydrogen atom
donors to free radicals. Our results also showed that the
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value of TAC for SC hydro-methanolic extract is widely
higher when compared with DS. This confirms previous
findings of Chang et al. (2002), who showed that the seeds
coat of soybeans had greater antioxidant activity than
whole soybeans. Shahidi et al. (2006) found that black
sesame coat has significant effects on oxidation of human
low density lipoprotein (LDL) cholesterol and also on
ferrous ion chelating capacity. Several studies
demonstrated the strong and positive relationship between
quantity of phenolic compounds and the antioxidant effect
(Das et al., 1990). Balasundram et al. (2006) showed that
phenolic compounds play an important role in antioxidant
activity by creation of phenoxyl radicals, which is possible
due to giving up hydrogen atoms from their hydroxyl
groups to radicals.
It has been clearly shown that significant antiinflammatory activity was observed in seeds coat extracts.
This result can confirm our findings regarding the
interesting contents of total phenolic in the hydromethanolic extract of seeds coat. Geronikaki and Gavalas
(2006) had revealed the implication of antioxidant
compounds in anti-inflammatory activity.
Several
previous studies have shown the positive correlation
between phenolic compounds quantity and antiinflammatory activity (Wiseman et al. (2001) and Kong et
al. (2000). Thus, these results suggest that the seed coat of
sesame can be valorized as potential resource of
antioxidant and anti-inflammatory effects.
5. Conclusion
In this study, coat and dehulled seeds of sesame were
evaluated for their basic composition and biological
activities. Based on the presented results, the dehulled
seeds could be considered as a good source of fixed oil and
protein. However, coat is showed rich by phenolic and
flavonoids content. Also, it had showed optimum
antioxidant efficiency by two complementary test systems.
Furthermore, the coat methanolic extract possesses a good
anti-inflammatory activity. It is recommended to consider
sesame seed coats for therapeutic consideration whereas
seeds are rich with nutrients as traditional food.
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Abstract
Excessive exposure of ultraviolet type B (UVB) is the primary cause of skin issues like sunburn, swelling, hyperplasia, skin
aging and cancer. Our objective was to assess the effectiveness of topical administration of refined coconut oil (RCO) and
virgin coconut oil (VCO) against anti-inflammatory and anti-proliferative UVB adverse effects in mouse skin model by
using of tumor necrosis factor-α (TNF)-α and transforming growth factor-β1 (TGF-β1). Twenty-four adult, BALB/c mice
were allocated into 4 groups: group 1 (control negative) not exposed to UVB; group 2 (control positive) exposed to UVB
only and left without treatment; group 3 exposed to UVB and treated by RCO topically; groups 4, exposed to UVB and
treated topically by VCO. At day 35, the mice were sacrificed. Histomorphometry was achieved for their epidermal
thickening with inflammatory reaction measurement, and the expression of TNF-α and TGF-β markers were estimated by
immunohistochemistry. VCO reduced epidermal hyperplasia and thickness in comparison to the RCO group including;
stratum spinosum thickness for the VCO showed (26.95±1.83μm) less mean than RCO group (39.88±4.24μm), stratum
granulosum in VCO group (17.56±0.69μm) in comparison with the RCO (27.11±3.04μm). Regarding the stratum corneum
thickness for the RCO (38.98±3.40μm) showed high mean than the VCO (21.49±2.08μm) and the inflammatory score was
significantly decreased by (scores 2 and 1) for the RCO and the VCO, respectively as specified by the downregulation of
TNF-α and TGF-β markers expression in the skin. The study concluded that anti-inflammatory and anti-proliferative effects
of VCO contribute to antioxidant capacity.
Keywords: Albino mice, Anti-inflammatory, Anti-proliferative, TNF-α, TGF-β, Virgin coconut oil, UVB

1. Introduction
Skin, the biggest organ of the body, capacities as the
fundamental boundary among the internal and the external
milieu. Along these lines, it consistently shields the body
from poisonous boosts, e.g., microorganisms, light (UV)
illumination, allergens, aggravations and irritants (Lin et
al., 2017). Wavelengths in the UVB radiation (290320 nm) of the sun oriented range are consumed by the
skin and in charge of causing an increase in the epidermal,
and to a lesser extent the dermal, mitotic activity, which
persists from days to weeks, leading to an approximate
two-fold thickening of the epidermis including acanthosis
and parakeratosis, also thickening of dermis (Surget et al.,
2015). UVB also leads to physical inflammatory reactions,
oxidative stress (Clydesdale et al., 2001), immune
suppression (Ullrich, 2005), DNA mutations, and
ultimately non-melanoma skin cancer (Melnikova and
Ananthaswamy, 2005).
UV light activates various flagging pathways that
modify a translation. This procedure takes after the
reaction to growth factors and is known as the UV reaction
(Tyrrell, 1996). During UV radiation, the excessive
formation of reactive oxygen species (ROS) can interrupt
the stability among pro-oxidant production and antioxidant
defense (Pillai et al., 2005). ROS overproduction is an
inducible factor brought about by the expression of
cytokines, prostaglandins, leukotrienes and the pro-
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inflammatory molecules that elicit the arrival of
inflammatory mediators to the site of disease that is
broadly perceived by dermatitis (Lee et al., 2003).
Cytokines such as tumor necrosis factor (TNF)-α plays
an important role in photodamage and photoaging (Burke
et al., 2001). TNF-α released after UVB exposure induces
endothelial cells and keratinocytes to display cell adhesion
molecules, thereby recruiting inflammatory cells including
keratinocytes, lymphocytes, macrophages and endothelial
cells that secrete elastases and collagenases, leading to
damage and aging of the skin (Rijken et al., 2006; Moots
et al., 2018). TNF-α as pro-inflammatory cytokine also
promotes apoptosis, lymphocyte activation, and
hyperproliferative skin disorders (Banno et al., 2004).
TGF-β is a family of pluropotent cytokines comprised
of three isoforms in mammals such as TGF-β 1,-2, and-3,
with TGF-β 1 predominant in most forms of tissue,
including the skin (Li et al., 2003). TGF-β 1 plays a
critical role in sustaining homeostasis of the body by
influencing cell development, differentiation, extracellular
matrix accumulation, immune or inflammatory interactions
and angiogenesis (Li et al., 2003). UV irradiation induces
TGF-β in both the epidermis and dermis of human skin. In
the outer compartment of skin, TGF-β is a powerful
negative regulator of keratinocyte proliferation (He et al.,
2002). Therefore, the induction of TGF-β by UV
irradiation contributes to keratinocyte hyperplasia (Quan et
al., 2002) and also encourages the development of cancer
(Massagué,
2012),
TGFβ
can
encourage
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immunosuppression through immediate activation and
modification of regulatory T cells (Tregs) (Sakaguchi and
Powrie, 2007); also it effectively encourages expression of
the fork-box protein P3 (Foxp3) in cluster differentiation
(CD4 + T-cells) and converts it into a regulatory
phenotype. (Chen et al., 2003). Recent generation specific
tiny molecule TGFβ pathway inhibitors, such as
galunisertib, were shown to be safe, methods that reduce
the length of therapy with TGFβ inhibitors may be
preferred. (Neuzillet et al., 2015).
Skin therapies emphasize combination therapy such as
the use of moisturizers, antibiotics, antihistamines, and
corticosteroids to treat skin inflammation to repair altered
skin barrier function and reduce tingling. The use of
steroids for immunosuppression and long-term topical
application, however, decreases the amount of collagen
causing skin atrophy (Oikarinen et al., 1998). In impact,
new therapeutic methodologies are being seriously studied
due to these risks. Diverse plant species comprise a few
bioactive components that have useful roles for health,
such as antioxidant, anti-inflammatory, and antimicrobial
effects, thus increasing their use for remedial purposes
(Lin et al., 2008). In animal models, several popular plantderived products were tested for the development of antiinflammatory therapies (Choi et al., 2009). As a result,
natural crop products are increasing as a new option for
introducing certain diseases caused by free radicals in
individuals, animals, food, and cosmetics (Lim et al.,
2007). The research found that vital oils are natural
volatile compounds that exhibit powerful odors and are
created by aromatic crops as secondary metabolites
(Bakkali et al., 2008).
Cocos nucifera fresh juice and kernel extracts, more
commonly known as coconut, are usually used for their
anti-inflammatory, antipyretic and wound healing
characteristics in Southeast Asian countries (Zakaria et al.,
2011). Coconut oil is traditionally used for moisturizing
and treating skin disorders. The emollient impact of
coconut oil has been proved effectively in patients with
atopic dermatitis, thus showing that coconut oil is a
powerful natural soothing to be used in xerosis therapy
(Verallo-Rowell et al., 2008). Tocopherol and fatty acids
(FAs) are important components of VCO and add to their
antioxidant properties. These elements may cause sunburn,
photoaging, and DNA degradation by cell protection
(Marina et al., 2009).
In this research, we intended to evaluate the
effectiveness of topical administration of refined and extra
virgin coconut oil against UVB negative impacts on the
mouse’s skin, and their effects on inflammation and cell
proliferation were assessed using an inflammatory marker
(TNF)-α and TGF-β1 proliferative marker.
2. Materials and Methods
2.1. Animal model and study design
In the animal house of the college of veterinary
medicine, twenty-four adult albino mice (Mus musculus
species, BALB /c strain) were purchased at a weight of 3035 g. Mice were fed with standard pellet diet (Pico Lab)
and provided with water ad libitum, were housed in the
animal house/College of Veterinary Medicine/Sulaimani
University, and were maintained at controlled room
temperature about 25°C and photoperiodicity of 12 hours

light/dark system. The animals were used according to the
review and institutional guidelines of the Ethics
Committee
of
the
College
of
Veterinary
Medicine/Sulaimani University (1235).
After 1 week of acclimatization, mice were allocated
into four groups: Control negative group (n=6), mice were
not irradiated to UVB irradiation and treated topically with
phosphate buffer saline (PBS, 6 drops=300µL); Control
positive group (n=6), mice were irradiated to UVB
irradiation only and left without treatment (nor by PBS or
coconut oil); Treatment group with refined coconut oil
(n=6), mice were irradiated to UVB irradiation and treated
topically with refined coconut oil (RCO) and the last
group, which were treated with extra virgin coconut oil
(n=6), mice were irradiated to UVB irradiation and treated
topically with extra virgin coconut oil (VCO).
2.2. UVB irradiation
Our lamp phototherapy unit consisted of UVB lamps
from the (Vilber-Lourmat-France), predominantly emitting
UVB light at the range of 280-312 nm. The UVB fluencies
used throughout the study were 80mj/Sec. With the
exception of the control negative group, mice from other
groups were exposed to UVB light for 35 minutes/day (4
days/week for 5 successive weeks) during the experiments.
Electric shaver was used to cut the dorsal hairs for making
a rectangular area (3*6 cm) prior to the UVB irradiation.
Throughout the period of exposure, mice have moved
around freely in a specially designed ventilated glass
metal-free cabinet (32*25*25 cm).
2.3. Treatment of mice with coconut oils
Various kinds of coconut oils were used in this
experiment, including virgin coconut oil (VCO) and
refined coconut oils (RCO), both of which were purchased
from (CalRoth, Germany). The analysis was carried out on
each extracted type of coconut oil using high-performance
liquid ultraviolet chromatography (HPLC-UV) separation
on a silica column (Lichrosorb Si60 5 μm particle
diameter, 250 mm length x4 mm id) in the Ministry of
Agriculture (Baghdad, Iraq), and their chemical
composition, including saturated triglyceride, was
separated by the Marina et al method. (Marina et al.,
2009), whereas polyphenols, vitamins, and phenolic acid
have been performed by Puah et al, protocol (Puah et al.,
2007).
The mice from both treatment groups were treated with
refined and extra virgin coconut oils respectively 4
days/week. Oil treatments were performed topically in two
different times 20 min before exposure to UVB (6
drops=300µL) and after UVB exposure directly (6
drops=300µL). During treatment, the quantity of both
types of oil was evaluated by micropipette in order to
regulate the amount of oil that was 300μL.
2.4. Tissue sampling and histopathological examination
The animals were anesthetized with ketamine and
xylazine after 35 days of experimentation and then
euthanized by cervical displacement; after that, skin
samples were obtained from the dorsal skin, immediately
fixed for 24-48 hours in 10 percent neutral buffered
formalin and then passed skin samples for series
histopathological preparations. Three transverse skin tissue
segments (4 μm thick) were gained using a rotary
microtome, hematoxylin, and eosin-stained first section,
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IHC stained second and third section followed by
microscopic assessment (Leica, Germany) and digital slide
photography.
2.5. Histometric assessment
Dorsal skin slide sections were evaluated under a light
microscope (Leica, Germany); equipped with an image
analysis system (AmScope, AmView). In each case, the
epidermal thickness was recorded in 3 layers after 35 days
of the study, including stratum spinosum, stratum
granulosum, and stratum corneum at 100 magnification
(100x) independently, and then the mean was calculated
for each layer in the group. When a picture was captured
and then divided into 16 squares, inflammatory cells in the
dermis were also counted, whereby all inflammatory cells
(nuclear polymorphic cells and mononuclear cells) were
counted at 400-fold magnification (400x), only the cells
that included into the squares while those cells that located
outside of it where excluded and mean numbers for each
group were attained. Inflammatory cells were scored and
categorized as follows: negative or score 0 (0-5
inflammatory cells), mild or score 1 (6-15 inflammatory
cells), moderate or score 2 (16-25 inflammatory cells), and
severe or score 3 (including 25 inflammatory cells).
2.6. Immunohistochemistry staining
Two skin sections (4 μm thick) were attached to the
positively charged slides and allowed to dry in an
incubator at 60 °C for 1 hour. With xylene and graded
alcohol alternatives, the slices were deparaffinized and
rehydrated. Antigen retrieval was accomplished by heating
the sections in the pressure cooker that contained citrate
buffer for 20 min. Through sinking the slides in 0.3
percent hydrogen peroxidase for 12 minutes, endogenous
peroxidase activity was blocked. The sections were then
coated with 3% (goat and mouse serum) to block nonspecific bindings for about 30 minutes. The slides were
then put in a damp chamber and incubated with rabbit antiTNF-α polyclonal antibody (1:100, Biorybt, USA,
orb7100) and rabbit anti- TGF-β1 polyclonal antibody
(1:100, Biorybt, USA, orb11468 ) for 1 hr, followed by
three washes in the buffer (2 min each). The sections were
then incubated for 20 min with biotinylated anti-rabbit
secondary antibodies (Biorybt, USA), washed in a buffer
three times, incubated for 25 min in a Horseradish
peroxidase-streptavidin (Envision, Biorybt) and washed in
a buffer again four times. Tissue staining was visualized
with the DAB substrate solution for less than 5 min
(Biorybt, USA) and counterstained with hematoxylin.
Then by a light microscope (Leica, Germany) examined
the slides.
2.7. Assessment of immunohistochemical study
The result of immunohistochemical studies was
analyzed quantitatively using the light microscope (Leica,
Germany); equipped with an image analysis system
(AmScope, AmView). The number of cells expressed
TNF-α and TGF-β were calculated a magnification of
400x with in the same length of the epidermal layer for
each section. TNF-α and TGF-β1 staining were scored and
subsequently calculated in entire representative high power
fields for each tissue sample. Three distinct observers
(which were blinded to the experiment) subjectively
assessed the magnitude and effect of the staining of each
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section using the following designations as in Table
1(Dong et al., 2010; Jammal et al., 2015).

Table 1. Immunoreaction scoring for the TNF-α and TGF-β1.
Quantification and intensity

Grades

No positive cell and no immunostaining
1-10% of positive cells and weak (light yellow)
11-25% of positive cells and moderate (yellow-brown)
26-50% of positive cells and focal strong (brown)
> 50% of positive cells and diffuse strong (brown)

0
1
2
3
4

2.8. Statistical analysis
A one way ANOVA and Duncan’s test were used to
assess the statistical significance between the groups.
Statistical analysis was achieved using SPSS version 25.0
software (SPSS, Chicago, IL, USA). The results were
presented as mean ± standard error (SE) and differences
significant was reflected at P< 0.05; P < 0.01 and
P<0.001.
3. Results
3.1. Chemical analysis of various coconut oil kinds
The analysis of various types of coconut oils was
achieved by normal-phase high-performance liquid
chromatography ultraviolet (HPLC-UV). In table 2,
generally, the values for RCO were lower than extra VCO.
However, fatty acid constituents were considered to be
predominant and were about 87.98% in VCO while in the
RCO were 78.18%. For example, lauric acid, which made
up, the higher percentages among fatty acid (49.90%) in
the VCO type in contrast to the RCO type that decreased
to 44.89%. In general, less phenolic acids were detected in
RCO (3.44% ) compared with virgin oil (4.9%) samples
because some phenolic compounds were lost or degraded
during the refining process; Vanillic was the major
phenolic acid in VCO ranged to 2.08% while in the RCO
reduced to 1.80 only. Additional constituents that
identified were polyphenols and vitamins, in the VCO
made up 7.12% in comparison to the RCO type were
dropped to 4.49%, and the Catechin was recognized as a
significant component in both oil kinds, the unknown
elements in the refined oil were 13.89%.
Table 2. Chemical components of various forms of coconut oils
Components
Lauric acid
Myristic acid
Caprylic acids
Palmitic acids
Stearic acid
Oleic acid
Protocatechuic
Vanillic
Phenolic
Syringic
acids
P-coumaric
caffeic
Ferulic
Gallic acid
Polyphenols Catechin
and Vitamins Vitamin E
Vitamin K
Unidentified
Saturated
triglyceride
(mediumchain)

Refined coconut
oil %
44.89
16.99
6.80
4.50
1.90
3.10
0.10
1.80
0.03
0.45

Extra virgin
coconut oil %
49.90
18.03
8.10
5.00
2.65
4.30
0.16
2.08
0.45
0.12

1.06
1.05
1.60
0.95
0.89
13.89

2.09
2.0
2.90
1.02
1.20
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3.2. Histopathological finding
I- Control groups
Upon histologic examination, the skin section in
control negative showed normal epidermal proliferation or
thickness value that showed by mean error in each layer
including standard error, stratum spinosum (7.86±1.28μm),
in stratum granulosum (1.80±0.43μm), and stratum
corneum (10.94±1.36μm) as revealed in table 3-5 and
figures 1-3a, in comparison to the control positive group
that showed significant increase in each mentioned layer’s
thickness. Histological changes such as diffuse epidermal
hyperplasia or acanthosis, hypergranulosis, and
hyperkeratosis were evident after 5 weeks of UVB
irradiation. Acanthosis was noted in stratum spinosum
with maximum mean (104.87±9.51μm) and highly
significant value (P=0.000) as in table 3 and figure 1b.
Also, severe hyperplasia of stratum granulosum or
hypergranulosis was noted in which the granular cell
layers increased or thickened to six or more layers from
the normal one-three layers as in table 4 and figure 2b with
a strong substantial value (71.20±10.26μm, P=0.00),
additionally severe hyperplasia of stratum corneum
(hyperkeratosis) also detected, in which the horny cell
layer becomes abnormally thick and it measured
(107.07±10.82μm) with significant value (P=0.000) as in
table 5 and figure 3b.
II- Treatment groups
Histological analysis of skin sections in both treatment
groups caused in a substantial reduction in UVB-mediated
epidermal hyperplasia in contrast to the control positive
group. In VCO epidermal hyperplasia mildly increased in
contrast to the control negative group in each layer
including stratum spinosum (26.95±1.83μm) with about
12.93 folds less than RCO group (39.88±4.24μm) with a
substantial value (P=0.00) as in table 3 and figure 1c and
d, that mean rose moderately, stratum granulosum in VCO
group slightly increased their mean (16.52±0.79μm) in
comparison with the RCO (27.16±3.03μm) that
moderately thickened about 10.64 folds with significant
value (P=0.00) as in table 4 and figure 2c and d. Regarding
the stratum corneum also the RCO moderately thickened
(38.98±3.40μm) about 17.49 folds with significant value
of (P=0.02) in contrast to the VCO that mildly increased in
their thickness (21.49±2.08μm) as in table 5 and figure 3c
and d.

Table 3. Measurement (μm) of epidermal thickening (stratum
spinosum) in different groups.
Control
negative
(n=6)

Control positive
(n=6)

Refined
coconut oil
(n=6)

Virgin
coconut oil
(n=6)

7.03

81.64

30.25

28.00

5.60

134.05

40.45

25.34

112.0

38.01

30.40

Mean±SE 6.26
14.2

74.10

58.63

30.42

7.10

122.97

41.54

18.64

7.00

104.51

30.42

28.90

7.86±1.28a

104.87±9.51***b

39.88±4.24**c

26.95±1.83**d

Mean values with various small alphabetical superscripts differ
from one another in the last row by **P<0.01, ***P<0.001 vs.
Control.
Table 4. Measurement (μm) of epidermal thickening (stratum
granulosum) in diverse groups.

Mean±SE

Control
negative

Control
positive

Refined
coconut oil

Virgin
coconut oil

(n=6)

(n=6)

(n=6)

(n=6)

2.00

65.03

39.28

15.21

1.23

104.60

20.53

16.33

1.80

47.05

23.8

15.98

1.00

60.00

33.34

14.4

3.8

50.12

22.10

20.00

1.00

100.40

23.93

a

***b

1.80±0.43 71.20±10.26

17.22
**c

27.16±3.03

16.52±0.79**d

Mean values with various small alphabetical superscripts differ
from one another in the last row by **P<0.01, ***P<0.001 vs.
Control.
Table 5. Measurement (μm) of epidermal thickening (stratum
corneum) in different groups.
Control
negative
(n=6)

Control positive
(n=6)

Refined
coconut oil
(n=6)

Virgin
coconut oil
(n=6)

9.43

90.67

33.34

18.64

7.25

100.96

32.34

30.69

79.62

30.98

17.22

91.60

50.93

23.93

16.00

145.84

39.28

20.53

13.67

133.75

47.05

17.98

Mean±SE 10.98
8.34

10.94±1.36a 107.07±10.82***b 38.98±3.40**c 21.49±2.08**d
Mean values with various small alphabetical superscripts differ
from one another in the last row by **P<0.05, ***P<0.001 vs.
Control.
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Figure 1. Histopathological skin sections of stratum spinosum
thickness in mice. a: Normal thickening in control negative group,
b: Marked acanthosis in control positive group, c: Focal-moderate
thickening in RCO group, d: Focal-mild thickening in VCO
group, (H and E stain).
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Table 6. The UVB induced raising of inflammatory
reactions
(polymorphonuclear
and
mononuclear
inflammatory cells) in control positive with highly
significant value and the highest score was score 3 for all
kinds of inflammatory cells with exception of neutrophil
that showed significant only in contrast to the control
negative group that showed score 0. In treatment group the
infiltration of inflammatory cells was significantly
decreased in the mean numbers and scores with scores 2
and 1 for the RCO and the VCO, respectively, in
comparison to the control positive group, the differences
were significant for all types of inflammatory cells, also
among treatment groups, the inflammatory cells decreased
significantly in the VCO as well as compared with the
RCO with exception for the mast cells that showed no
significant. The degree of inflammatory cells infiltration
was showed in figure 4.
Table 6. The mean ± SE of the various groups of inflammatory
cells.
Variables

Control
negative

Control
positive

Neutrophil

1.00±0.60 2.83±0.63*

Refined
Virgin
coconut oil coconut oil
1.33±0.42

Lymphocytes 1.33±0.55 7.33±1.08** 3.16±0.60*
Plasma cells

1.33±0.55 6.00±1.06** 2.66±0.66*

0.66±0.21*
1.00±0.25
0.83±0.16*

Macrophages 1.50±0.50 8.66±1.70** 4.66±0.49** 4.16±0.47**
Mast cells

1.00±0.63 5.16±0.47** 0.83±0.30

1.16±0.30

Mean values with various small alphabetical superscripts differ
from one another in the last row by *P<0.05, **P<0.01vs. Control.

Figure 2. Histopathological skin sections of stratum granulosum
thickness in mice. a: Normal thickening in control negative group,
b: Severe hypergranulosis in control positive group, c: Moderate
thickening in RCO group, d: Mild thickening in VCO group, (H
and E stain).

Figure 4. Histopathological skin sections of infiltration of
inflammatory cells in mice. a: Normal infiltration in control
negative group, b: Marked inflammatory reaction in control
positive group, c: Moderate inflammatory reaction in RCO group,
d: Mild infiltration in VCO group, (H and E stain).

3.4. TGF-β1 expression detection by IHC

Figure 3. Histopathological skin sections of stratum corneum
thickening in mice. a: Normal thickening in control negative
group, b: Marked hyperkeratosis in control positive group, c:
Moderate thickening in RCO group, d: Mild thickening in VCO
group, (H and E stain).

3.3. Assessment of the inflammatory reaction
The
statistical
analysis
of
inflammatory
polymorphonuclear and mononuclear was provided in

Immunohistochemical analysis of the TGF-β1 marker
shown in figure 5 that indicated the increasing of
epidermal layer or proliferation of keratinocytes of
epidermis, most common expression pattern found was
cytoplasmic staining in the keratinocytes of the stratum
spinosum of the epidermis of the skin, with a less TGF-β1
expression in the keratinocytes particularly in the stratum
granulosum layer. Negative expression (Score 0) was
seeming in mice of the control negative group, TGF-β1
expression was increased in the control positive group and
showed strong-focal expression (Score 3) in mostly all
keratinocytes of epidermis, when compared with the RCO
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group, the TGF-β1 expressed in less than 25% of the
epidermal keratinocytes which were stained moderate
(Score 2). While in the VCO group the expression of TGFβ1 decreased if compared to the control positive and even
to the RCO group that showed weak expression (Score 1).

Figure 5. TGF-β1 expression in epidermal keratinocytes of skin
section of different mice groups: a: Negative expression (Score 0)
in control negative group, b: Strong-focal expression (Score 3) in
control positive group, c: Moderate expression (Score 2) in RCO
group, and d: Weak expression (Score 1) in VCO group, (Positive
cells indicated by black arrows).

3.5. Immunohistochemical analysis of TNF-α
TNF-α expression showed in all groups with the
exception of control negative, and its expression related to
the increasing of inflammatory reaction in the dermis,
immunohistochemical staining of the keratinocytes in
mostly the stratum spinosum and less commonly in
stratum granulosum of skin tissue sections that revealed
variable scores of TNF-α expression and the pattern of
expression was cytoplasmic. Immunohistochemical
analysis of the TNF-α marker is shown in figure 6.
Negative immunostaining was found in the control
negative group (Score 0). In mice of control positive
strong-focal expression (Score 3) was apparent, moderate
expression of TNF-α (Score 2) was seen in mice of RCO
group, whereas weak expression (Score 1) was seen in
mice of VCO group in comparison to the control positive
and RCO groups in which the TNF-α expression was
decreased markedly.

Figure 6. TNF-α expression in epidermal keratinocytes of skin
section of different mice groups: a: Negative expression (Score 0)
in control negative group, b: Strong-focal expression (Score 3) in
control positive group, c: Moderate expression (Score 2) in RCO
group, and d: Weak expression (Score 1) in VCO group, (Positive
cells are indicated by black arrows).

4. Discussion
Plant oils have been discovered to have numerous
helpful physiological features; therefore, they have long
been used on the skin for cosmetic and medical reasons.
For example, plant oil application can have an occlusive
effect as a protective barrier on the skin, allowing the skin

to retain moisture. Topical products also have the benefit
of greater bioavailability in the skin and have a localized
effect rather than systemic impacts (Patzelt et al., 2012).
In this research, we examined the protective effect of
RCO and VCO against UV exposure by following known
markers of UV detriment (TNF-α and TGF-β). Our data
demonstrated that topical coconut oils treatment on mouse
skin significantly reduce epidermal hyperplasia that caused
by UVB exposure particularly the group of mice that
treated by VCO showed mild thickening of the stratum
spinosum, granulosum, and corneum because VCO contain
sufficient amounts of medium-chain fatty acids,
polyphenols, tocopherols and free radical scavengers
which not only improve the antioxidant status, but also
reduce free radical-induced protein oxidative damage
(Marina et al., 2009; Arunima and Rajamohan, 2013), in
contrast to the control positive group that showed marked
hyperplasia of skin epidermis and in accordance with study
who mentioned that epidermal thickening is regarded as
the classical signs of UV exposure mediated damages to
the skin (Reagan-Shaw et al., 2006). Our information was
also consistent with the earlier research, which
documented that UV exposure causes oxidative stress in
the skin that can be involved in a wide spectrum of
circumstances, including hyperkeratosis and epidermal
hyperplasia, which suggested influences on the mitotic
cycle and on the macromolecular synthesis.
Triglycerides do not usually penetrate deeper into
stratum corneum in plant oil; glycerol leads to the
hydration of stratum corneum. Free fatty acids (FFAs),
specifically monounsaturated FFAs such as oleic acid
discovered in VCO rather than RCO, can interrupt the skin
barrier and enhance the permeability of other compounds
in coconut oils (Mack Correa et al., 2014). This is the
theory why our research showed mild hyperkeratosis to the
group of mice who dealt with VCO. Other compounds
found in different levels of each vegetable oil are phenolic
compounds and tocopherols; they are the basic
antioxidants found in virgin coconut oil. These compounds
are very essential for the oxidative stability of purified
fatty acid (PUFAs) in oil parts. For example, they have an
effect on cancer prevention agents and can modulate
physiological mechanisms such as homeostasis of the skin
barrier, cell proliferation inhibition and inflammation
(Servili et al., 2009; Mack Correa et al., 2014). This is the
theory why the group topically treated with VCO
diminished significantly epidermal hyperplasia instead of
control positive group.
In our finding the group treated with RCO showed
moderately epidermal thickening in contrast to the group
treated with VCO that showed mild changes. The
hypothesis why VCO had a potent effect than RCO is that
the refined coconut oil is extracted from chemically
lightened and deodorized coconut meat; therefore some of
the components were decreased or altered by processing or
by heating. While virgin coconut oil is obtained without
the use of high temperatures or chemicals from the fruit of
new, mature coconuts. It is regarded as unrefined and can
provide health advantages because it contains elevated
quantities of saturated triglycerides, phenolic acids,
polyphenols and vitamins (Villarino et al., 2007). Also,
Marina et al. study revealed that VCO contained higher
total phenolic content compared to refined coconut oil and,
therefore, had more effective than RCO. It was suggested
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that the RCO process being applied through the dry
method had considerably destroyed some of the phenolic
compounds in the coconut oil (Marina et al., 2009).
The UV-induced proliferation and epidermal
hyperplasia depended on gene expression (Yamaguchi and
Hearing, 2009). Our information also proved that the
topical use of coconut oil also significantly inhibited UVBmediated cell proliferation in addition to protein
expression such as TGF-β1; for example, the RCO reduced
TGF-β1 expression by score 2, while the VCO decreased
TGF-β1 expression in score 1 in comparison to the control
group that exhibited protein expression in high score
(Score 3). This is an interesting observation because TGFβ1 expression has been revealed to be related with cellular
proliferation and epidermal thickening that is regarded as a
marker of proliferation after UVB irradiation for chronic
duration in which in agreement with study of Ichihashi et
al., who recognized that UVB generate ROS, and ROS
have been shown to activate the latent form of TGF-β1
(Ichihashi et al., 2003). Also, in agreement with former
data, elevated TGF-β1 expression has been found in
keratinocytes of the basal epidermal layer, and TGF-β1
overexpression associated with the acanthotic and
hyperplastic epidermis suggesting that this factor is
involved in a negative feedback growth regulatory loop (Li
et al., 1999; Liu et al., 2001; Lu et al., 2004). Our finding
is in accordance with studies which verified that coconut
oil is rich in medium-chain fatty acids such as lauric acid,
capric acid, and myristic acid and have been documented
to some extent, that such MCFA 's have anti-proliferative
and apoptosis-inducing effects (Fauser et al., 2011). These
findings suggest that VCO can provide protection against
UVB damage, and these protective impacts can be
mediated through its antioxidant characteristics, which act
as an anti-proliferative agent and reduce the expression of
TGF-β1.
Due to UVB exposure, intracellular reactive oxygen
species (ROS) play a crucial role in inflammation, aging,
and cancer (Gause and Chauhan, 2016). Likewise,
previous reports demonstrate that herbal oils have the
capacity to defend against UVB irradiation. In this study,
we have found that coconut oil more specifically the VCO
markedly
reduce
the
UVB
exposure-mediated
inflammatory reaction by score 1in comparison to the
control positive group and the RCO also that have sore 3
and 2 respectively. In the present investigation, VCO
demonstrated insurance against intracellular ROS
delivered by UVB illumination irradiation. Our finding is
in agreement with the previous report which described that
the expression of the inflammatory profile was lower in
the coconut oil-treated group after exposure to UVB
radiation (Kim et al., 2017). Topical coconut oil defends
the cutaneous from UV irradiation (Korac and
Khambholja).
For instance, leukocytes (PMNs, macrophages, and
lymphocytes), mast cells, and dendritic cells are activated
after an inflammatory response. Secreted cytokines such as
IL-1α, TNF-α and-6 stimulate chemokines of chemotaxis
that attract the immune cells to the injury and infection site
and improve the inflammatory response (Reinke and Sorg,
2012). In the present study, the mice in control positive
group showed strong expression of TNF-α (Score 3) with
sever dermatitis by means of (29.98) because TNF-α is
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pro-inflammatory cytokine and is significant initiator
cytokine of inflammatory responses (Neurath et al., 1997).
Our study is in accordance to the former study which
mentioned that epidermal keratinocytes, react to
proinflammatory cytokines like TNF-α by involving in the
expression of many inflammatory mediators during the
chronic inflammatory skin disorders induced by UVB
irradiation. The chemokines and growth factors of these
keratinocytes are the primary force behind the
accumulation and proliferation of inflammatory cells in the
skin, thus preserving chronic inflammation of the skin
(Pastore et al., 2005). This study confirmed that VCO was
potent in reducing the TNF-α expression (Score 1) and
inflammatory reaction (mild inflammation) in dermis by
mean of 7.81 and the inflammation was decreased by
22.17 folds in contrast to the control positive group and
RCO group that showed moderate expression of TNF-α
(Score 2) and moderate dermatitis by means of 12.64,
when compared to the control positive group the
inflammatory reaction dropped by 17.34 folds. Our results
agree with the study of Varma et al., 2019, who proved
that topical use of VCO inhibits anti-inflammatory activity
by inhibiting different concentrations of cytokine including
TNF-a, IFNg, IL-6, IL-5 and IL-8 and recovers skin
hyperplasia and inflammation (Varma et al., 2019). Other
studies documented the anti-inflammatory effects of VCO
in reducing atopic dermatitis and enhancing moisturizing
to the skin (Evangelista et al., 2014). The outcome
suggests photoprotective and anti-inflammatory impacts of
VCO against UVB irradiation, making it a significant
ingredient in formulations and warranting further clinical
studies owing to elevated levels of phenolic and
antioxidant elements.
5. Conclusion
From the two types of coconut oil obtainable, VCO
appears to carry the highest potential and is more
beneficial for skin health by reducing epidermal thickening
and inflammatory reaction because its composition varies
and contains a higher amount of saturated free fatty acid,
polyphenols, and vitamin E compared with RCO. The
research indicated that VCO had anti-inflammatory and
anti-proliferative impacts through its antioxidant
characteristics.
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Abstract
Aspects of the life cycle of Pseudoleptonema quinquefasciatum Martynov 1935 (Trichoptera: Hydropsychidae) were
investigated including the possible influence of water quality parameters on larval stages. Larvae were sampled by hand
picking at five sites in three streams in western Thailand in December 2014 and April 2015. In total, 2,139 larvae were
collected and, by measurement of head capsules, the number of larval instars present was confirmed to be five. Analyses
were conducted to determine if the number of larval instars present at any time was influenced by physicochemical water
quality parameters. The number of first instar larvae was found to be positively correlated with electrical conductivity,
whereas number of second instar larvae was correlated with quantity of dissolved solids and water turbidity, orthophosphate,
pH, air and water temperature. A positive correlation was found also between third to fifth instar larvae and levels of
dissolved oxygen, ammonia-nitrogen, nitrate-nitrogen, and alkalinity. The results suggest that electrical conductivity, total
dissolved solids, water turbidity, orthophosphate, pH, air and water temperature, dissolved oxygen, ammonia-nitrogen,
nitrate-nitrogen, and alkalinity may be major factors in determining the Trichoptera assemblages present in the streams of
western Thailand.
Keywords: Life cycle, Pseudoleptonema quinquefasciatum, water variables, larval diet

1. Introduction
Aquatic insects are significant elements in lentic and
lotic trophic webs, participating in energy flow and
nutrient cycling (Whiles and Wallace, 1997). They are also
important food resources for fish (Wallace and Webster,
1996) and some insectivorous birds (Ward et al., 1995).
The distribution and abundance of insects in freshwater
systems is the result of complex interactions between their
ecological roles and the physico-chemical conditions that
characterize the habitat, and food availability (Merritt and
Cummins, 1996). Thus, the community structure depends
on a number of factors, such as water quality, type of
substrate, particle size of sediment, water flow, sediment
organic matter availability, oxygen concentration as well
as environmental conditions surrounding the watercourse
(Ward et al., 1995; Buss et al., 2004). Because they reflect
environmental changes, aquatic insects are often used as
indicators of the effects of human activity on water
systems, providing information on habitat and water
quality (Woodcock and Huryn, 2007). Amongst the
aquatic insects, order Trichoptera (or caddisflies) are the
most widely distributed; their larvae are common in
running water (8-13% of total abundance) (Roback, 1962;
Ward, 1992) and they are one of the relatively well-studied
orders of aquatic insects in South East Asia (Malicky,
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2010; Morse, 2017). The larvae of many species coexist in
running waters and are known to have specific habitat and
environmental requirements (de Moor, 2007).
Pseudoleptonema Mosely 1933 is a small genus of
eight species in the subfamily Macronematinae, family
Hydropsychidae. All eight species are described from
adults, and larvae have been described for one of the Thai
species, P. quinquefasciatum (Prommi et al., 2006). The
life cycles of a number of Hydropsychidae species have
been described (Edington and Hildrew, 2005), but the life
cycle of P. quinquefasciatum in Thailand is not well
known. Data are available on adult emergence periods,
which may vary across Thailand and Laos (Hoang et al.,
2011). This paper explores aspects of the life cycle of this
species, and is the first study on a caddisfly life cycle in
streams in the Mae Klong watershed of western Thailand,
investigating the relationship between environmental
factors and its life history. Also, the study of feeding habits
and trophic guilds in aquatic insects is important to
understand their functional role and relevance in the
conservation of the Asian Tropical streams.
2. Materials and methods
2.1. Study Area
This study was conducted in streams of the Mae Klong
Watershed in western Thailand (Fig. 1), the most

306

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

important watershed in western Thailand. Upstream in the
watershed area are two main rivers: the Khwae Noi and the
Khwae Yai. These rivers run into the Khao Laem and
Srinagarind Dams located in the upper region of the Mae
Klong Watershed. Downstream in the Kanchanaburi
Province, the rivers flow through Ratchaburi Province and
enter the Gulf of Thailand in the Samut Songkhram
Province. Five sampling sites in three streams were chosen
for this study. The streams were in the upstream section of
Khwae Noi River before it flows into the Khao Laem
Dam. These three streams are the Huai Pakkok, PK1 and
PK2; the Huai Kayeng, KY1 and KY2; and the Huai Lijia,
LJ (Fig. 1). Details of latitude and longitude of the stations
and stream characteristics are shown in Table 1. The
streams pass through areas of forest and cultivation, and
three of the collecting sites are bordered by villages.

Table 1. Location of the stations and stream characteristics.
Site

Latitude/
Longitude

Description of stream

PK1

13°32.135´ N,
099°17.842´ E

Cobble predominant, forest and
cultivation on both sides

PK2

13°32.077´ N,
099°15.495´ E

Bedrock and cobble predominant, pool
in the middle, gravel and sand. Village
and cultivation on both sides

KY1

13°27.658´ N,
099°15.348´ E

Man-made concrete upstream, gravel,
woody debris and other stable substrates.
Forest and highland, village both sides

KY2

13°30.241´ N,
099°15.883´ E

Cobble predominant, pool in the middle,
gravel and sand. Village and cultivation
on both sides

LJ

13°48.379´ N,
099°19.152´ E

Bedrock predominant, gravel and sand.
Forest on both sides

Figure 1. Map of Thailand showing locations of the five sampling sites, PK1, PK2, KY1, KY2 and LJ, and photographs of the streams at
the sites.

2.2. Environmental Variables
The physicochemical water quality variables were
measured simultaneously with collection of samples.
Three replicates of selected physicochemical parameters
were recorded directly at the sampling sites: pH (using a
portable pH meter); water temperature (WT, °C) and
dissolved oxygen (DO, mg/L) (using an oxygen meter —
EcoScan DO 110); total dissolved solid (TDS, mg/L) and
electrical conductivity (EC, μS/cm) (using an EC meter —
CyberScan CON 11). Water samples from each site and
sampling period were collected in polyethylene bottles
(500 mL) and held at 4°C for study in the laboratory.
Ammonia-nitrogen (NH 3 -N, mg/L) was measured by the
Nessler method, using a spectrophotometer (DR/2010
model 49300-00; Hach, USA); nitrate-nitrogen (NO 3 -N,
mg/L) by the cadmium reduction method, using a

spectrophotometer (DR/2010 model 49300-00; Hach,
USA); orthophosphate; (PO 4 3–, mg/L) by the ascorbic acid
method, using a spectrophotometer (DR/2010 model
49300-00; Hach, USA); and turbidity (TUB, NTU) using a
spectrophotometer (DR/2010 model 49300-00; Hach,
USA). Alkalinity (ALK, mg/L) was measured by the
bromocresol green-methyl red indicator titration in
accordance with the standard method procedures (APHA
et al., 1992).
2.3. Sampling Procedure
The larvae and pupae of Pseudoleptonema
quinquefasciatum (Fig. 2A, B) were collected at five
sampling sites in the streams of western Thailand (Figure
1). At each sampling site, a stretch of approximately 50 m
was chosen for collection of samples. The samples were
collected in December 2014 and April 2015, by hand
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picking from the surface of boulders that were lifted from
water around steps and rapids (Fig. 2C). The sampling
time at each site was 2h. Collected P. quinquefasciatum
larvae and pupae were preserved in 80% ethanol. Larval
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characteristics were described and illustrated by Prommi et
al. (2006). Larvae of P. quinquefasciatum construct an
open-ended chamber retreat of fine sand, silk and plant
debris, and fastened to a rock and capture nets (Fig. 2C).

Figure 2. Pseudoleptonema quinquefasciatum larvae (A), head, dorsal view (B) and larval case (red arrows) constructed from sand and
detritus attached on stony substrate (C).

2.4. Life Cycle Analysis
A total of 2,139 individual of larvae samples were
sampled in this study. In the laboratory, all larvae were
sorted to instar using head width, following the method
described by MacKay (1978). Head capsule widths were
measured using an ocular micrometer. The number of
larval instars was determined by analyzing the size
frequency distributions of head capsule widths, following
which the width ranges for instars were determined for
each site. Size frequency distribution diagrams were
constructed for each site based on the relative percent of
the total number of individuals at each instar collected
each month. Once larvae were assigned to instars, the
variability in size at each instar was assessed for each site.
Voucher specimens were deposited in the Faculty of
Liberal Arts and Science, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom Province,
Thailand.
2.5. Gut Content Analysis
For a qualitative determination of the food items of P.
quinquefasciatum, 10 larvae from each sampling site and
sampling
occasion
were
dissected
under
a
stereomicroscope (Olympus SZ51). The whole digestive
tracts were removed to a glass slide with water, shredded,
and examined under a compound microscope (Olympus
CX31). Contents were separated into plant tissue, algae,
plankton, arthropod fragments, and amorphous tissue.
2.6. Data Analysis
The relationship between all larval stages and recorded
environmental variables was determined for all sampling

dates together. A Principle Component Analysis (PCA)
was performed using the PC-ORD 5.1 software.
3. Results
3.1. Environmental Variables
The means and standard deviations of measured
physicochemical water quality parameters at the sampling
sites taken during the two sampling periods were
summarized in Table 2. The water temperature, dissolved
oxygen, turbidity, ammonia-nitrogen, orthophosphate and
nitrate-nitrogen did not vary significantly over the
sampling period (P>0.05), whereas total dissolved solids,
electrical conductivity, pH and alkalinity varied
significantly during the period (P<0.05). The temperature
varied from 26.38 (KY2) to 29.96 Cº (PK2). The lowest
mean value for dissolved oxygen (3.58 mg/L) was taken in
Huai Lijia (LJ), and the highest values in Huai Kayeng
(KY2) (5.76 mg/L). All sampling sites were slightly
alkaline with pH showing little variation of (8.05 (LJ) −
8.51 (KY1)); the highest mean value for alkalinity was
recorded for KY2 (8.43 mg/L) and lowest was registered
for PK1 (12.80 mg/L). The highest mean value of total
dissolved solids and electrical conductivity (129.52 mg/L,
258.28 µS/cm) were observed at KY2 and the lowest at
PK1 (40.25 mg/L, 74.08 µS/cm). The mean turbidity was
highest in LJ (18.66 NTU) and lowest at PK1 (6.00 NTU).
The mean dissolved nutrients, ammonia-nitrogen,
orthophosphate, nitrate-nitrogen concentrations varied
from 0.19 (PK2) to 0.36 mg/L (PK1), 0.40 (PK1) to 0.64
mg/L (LJ), and 0.95 (PK2) to 1.70 mg/L (PK1),
respectively.
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Table 2. Physico-chemical variables recorded at all the sampling sites (Mean ±SD).
PK2
KY1
KY2
LJ
Parameters/sites
PK1
WT (°C)
27.33±1.97a
29.96±3.91a
28.48±5.43a
26.38±1.34a
27.58±1.71a
DO (mg/L)
4.59±2.89a
4.59±4.89a
5.10±2.78a
5.76±1.80a
3.58±4.12a
a
a
b
b
TDS (mg/L)
40.25±997
63.48±21.37
127.3±53.31
129.52±70.92
114.34±25.92ab
a
ab
b
b
ES (µS/cm)
74.08±28.63
132.17±35.58
272.22±82.18
258.28±142.43
228.16±51.14b
a
ab
ab
ab
pH
8.46±0.09
8.36±0.19
8.51±0.12
8.43±0.00
8.05±0.07b
ALK (mg/L)
12.80±0.28a
16.00±0.56a
33.3±10.32ab
37.50±12.02b
29.50±7.21a
a
a
a
a
TUB (NTU)
6.00±4.24
10.00±0.46
16.00±11.31
7.50±5.33
18.66±7.54a
a
a
a
a
NH 3 -N (mg/L)
0.36±0.07
0.19±0.09
0.22±0.03
0.23±0.01
0.20±0.24a
3a
a
a
a
PO 4 (mg/L)
0.40±0.11
0.59±0.09
0.47±0.12
0.48±0.01
0.64±0.53a
NO 3 -N (mg/L)
1.70±0.07a
0.95±0.21a
0.96±0.04a
1.58±0.63a
1.15±0.67a
Remark: a, b = the relationship of environmental factors is similar in the sampling sites, ab = the relationship of environmental factors is
different in the sampling sites.

3.2. Larvae Instars of Pseudoleptonema
Quinquefasciatum
Five instars were observed in Pseudoleptonema
quinquefasciatum using 2,139 specimens. Head widths of
first instars ranged from 0.20 to 0.29 mm (n = 22); of
second instars from 0.30 to 0.39 mm (n = 143); of third

instars from 0.40 to 0.59 mm (n = 491); of fourth instars
from 0.60 to 0.79 mm (n = 1,404); and of fifth instars from
0.80-1.15 mm (n = 73) (Fig. 3−4, Table 3). Accordingly,
larvae determined as first to fifth instar were collected
from four of the sampling sites; but no first and second
instar larvae were found at site KY2 (Table 3).

Table 3. Median and range of head capsule widths (mm) for larval instars of Pseudoleptonema quinquefasciatum.
Instar
I
II
III
IV
V

Number of measurements
PK1
1
1
9
41
5

PK2
1
26
197
296
17

KY1
4
20
89
316
31

KY2
3
26
3

LJ
22
96
193
725
17

Total

Median head width (mm)

Range of head width (mm)

28
143
491
1404
73

0.245
0.345
0.495
0.695
0.975

0.20-0.29
0.30-0.39
0.40-0.59
0.60-0.79
0.80-1.15

Figure 3. The frequency distribution of larval instars of Pseudoleptonema quinquefasciatum Martynov 1935 at all sampling sites, based on
head capsule width (n = 2,139) in December 2014 and April 2015.

Figure 4. Proportion of larval instars of Pseudoleptonema quinquefasciatum Martynov 1935 at all sampling sites, assigned on basis of the
distribution of head capsule width at each sampling site.
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3.3. Gut Content Of Pseudoleptonema Quinquefasciatum
Larvae At Five Sampling Sites
Larval gut contents were assessed qualitatively. Gut
contents of 50 larvae were plant tissue, algae, plankton,
arthropod fragments, and amorphous detritus. The first
three instars appeared to select plankton, algae and plant
tissue, whereas guts of larvae of the final two instars
contained amorphous detritus and arthropod fragments.
Thus, the gut content analysis indicated that larvae are
omnivorous filterers (Fig., Table 4).

Figure 6. PCA ordination plot based on larval instars of
Pseudoleptonema quinquefasciatum Martynov 1935 and physicochemical variables and sampling date.

4. Discussion
4.1. Environmental Variables

Figure 5. Gut contents from Pseudoleptonema quinquefasciatum
Martynov 1935 larvae. A = plant tissue, B = algae, C = plankton,
D = arthropod fragment, E = amorphous detritus.
Table 4. Frequency of food items found in gut contents of each
larval instar Pseudoleptonema quinquefasciatum. + = low, ++ =
medium, +++ = high
Larval instar/type of food

1

2

3

4

5

Plant tissue

+

+

++

++

++

Algae

++

++

++

+++

+++

Plankton

+++

+++

+++

+++

+++

Amorphous detritus

+

+

+

++

++

Animal tissue

+

+

+

++

++

3.4. Larval instars of Pseudoleptonema
quinquefasciatum and environmental variables
According to the PCA ordination (Fig. 6), the upper
portion of the ordination indicates that the factors with
greatest influence on larvae were dissolved oxygen (DO),
ammonia-nitrogen (NH 3 -N), nitrate-nitrogen (NO 3 -N) and
alkalinity (AKL) in the 3rd to 5th instar larva at site KY2.
The electrical conductivity (EC) appeared to be correlated
positively with presence of the 1st instar larva in PK1. In
contrast, as shown by the lower portion of the ordination,
at sites KY1, PK2 and LJ, number of 2nd instar larvae
appear to be correlated with turbidity (TUB), total
dissolved solids (TDS), orthophosphate (PO 4 3-), pH, air
temperature (AT) and water temperature (WT).

In freshwater ecosystems, variables such as water
temperature and water temperature fluctuations or
dissolved oxygen can influence life histories through
increased growth rates and number of generations
produced annually (Sweeney, 1984). Principle Component
Analysis (PCA) showed that dissolved oxygen, ammonianitrogen, nitrate-nitrogen and alkalinity had an influence
on the 3rd to 5th instar larvae in KY2. The electrical
conductivity was correlated positively with number of 1st
instar larva in PK1, whereas the turbidity, total dissolved
solids, orthophosphate, pH, and water temperature
influenced presence 2nd instar larva in the KY1, PK2 and
LJ.
Water temperature varied from 26.38 (KY2) to 29.96
Cº (PK2). Water temperatures were relatively lower during
the wet season than during the dry season. The minimum
(25.0ºC) and maximum temperatures (35.5ºC) were within
the range usually observed for tropical waters. At the
upstream site, the riparian areas were covered by
vegetation that shaded the water and may have kept water
temperatures slightly lower — Hauer and Hill (1996)
reported that shading from riparian trees beside a smaller
watershed stream helped to maintain a lower water
temperature.
The lowest mean value of dissolved oxygen (3.58
mg/L) was found in the Huai Lijia (LJ), and the highest
values were observed in Huai Kayeng (KY2) (5.76 mg/L).
Sources of dissolved oxygen in aquatic environments
include the atmosphere and photosynthesis, the
concentration being dependent on solubility (which
decreases with increasing water temperature). Dissolved
oxygen is also reduced by respiration of submerged plants,
animals and aerobic bacteria, including their metabolic
activity in decomposing dead organic matter (Gupta and
Gupta, 2006). Boulton and Brock (1999) pointed out that
strong water currents result in turbulent flow which tends
to increase or replenish dissolved oxygen.
The pH of the water at all sampling sites was slightly
alkaline and showed very little variation (pH 8.05 (LJ) –
8.51 (KY1). The accumulation of free carbon dioxide due
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to reduced photosynthesis by phytoplankton and rooted
macrophytes can result in lower pH values in the water
while intense photosynthesis reduces free carbon dioxide
content and results in higher pH values (Egborge, 1994;
Gupta and Gupta, 2006). The pH showed a decrease in the
rainy season. This may be attributed to the increased
organic matter washed into the stream by surface runoff
during the wet season. This would tend to reduce dissolved
oxygen through organic decomposition, thus lowering pH.
The highest mean value of total dissolved solids and
electrical conductivity (129.52 mg/L, 258.28 µS/cm) was
observed at KY2 and lowest was at PK1 (40.25 mg/L,
74.08 µS/cm). The general trend in this study was that
electrical conductivity tended to increase in the dry season
compared with the wet season. Increases in electrical
conductivity could result from low precipitation, higher
atmospheric
temperature
resulting
in
higher
evapotranspiration rates, higher total ion concentration,
and saline intrusions from underground sources. It could
also be due to a high rate of decomposition and
mineralization by microbes and by nutrient replenishment
from bottom sediments (Egborge, 1994). Increased
electrical conductivity and total dissolved solids could also
be due to contamination of water from agricultural
activities and industrial effluent, degrading water quality
(Lenat and Crawford, 1994).
The mean turbidity was highest at LJ (18.66 NTU); the
lowest was recorded at PK1 (6.00 NTU). The higher
turbidity was recorded during the wet season and may
have been due to heavy rainfall, the increase in suspended
solids impeding light and thereby increasing turbidity. The
adverse effects of turbidity on freshwater include
decreased penetration of light which then reduces primary
and secondary production, increased adsorption of nutrient
molecules to suspended materials, making the nutrients
unavailable for plankton production, and decreased oxygen
concentration. The particulate matter can clog the filterfeeding apparatus and digestive organs of planktonic
organisms, which in turn may adversely affect the
development of larvae (Gupta and Gupta, 2006).
The highest mean of alkalinity was recorded in KY2
(8.43 mg/L) and lowest was registered in PK1 (12.80
mg/L). Water bodies in the tropics usually show wide
fluctuations in total alkalinity, the values depending on the
location, season, plankton populations and nature of
bottom depositions. Highly productive waters tend to have
alkalinity values above 100 mg/L and for freshwater
aquaculture the values optimally should be between 40200 mg/L. Alkalinity values above 300 mg/L have been
reported to affect the spawning and hatching of freshwater
fish adversely (Gupta and Gupta, 2006).
The mean dissolved nutrients, ammonia-nitrogen,
orthophosphate, nitrate-nitrogen concentrations varied
from 0.19 (PK2) to 0.36 mg/L (PK1), 0.40 (PK1) to 0.64
mg/L (LJ), and 0.95 (PK2) to 1.70 mg/L (PK1),
respectively. Nitrates are the most oxidized forms of
nitrogen and the end product of aerobic decomposition of
organic nitrogenous matter. Natural waters in their
unpolluted state contain only minute quantities of nitrates.
The highest nitrate values occurring during the
monsoon/post monsoon season may be primarily due to
organic materials entering from the catchment area during
periods of high rainfall (Das et al., 1997). The increasing
levels of nitrates are likely to be due to freshwater inflow,

litter fall decomposition and terrestrial run-off during the
monsoon/post monsoon season (Karuppasamy and
Perumal, 2000). Another possible source of nitrate
recruitment is through oxidation of ammonia from
nitrogen to nitrites (Rajasegar, 2003). The low values
during the summer/pre-monsoon period may have been
due to utilization of nitrates by phytoplankton activity. In
addition, nitrates may be obtained from natural and human
activities, both from household wastes and from fertilizers
used in agriculture, consistent with observations by
Omernik (1977) who indicated that the levels of nutrients
in streams were positively correlated with the percentage
of land in agriculture. Furthermore, although
orthophosphate is usually a minor compound in nature
(Jarvie et al., 2002), its higher values in stream water at
our sampling sites was probably from agricultural
fertilizers which are leached into water when it rains.
4.2. Life Cycle of P. Quinquefasciatum
The adults of P. quinquefasciatum occur all year round
(Prommi, 2007; 2015). In our study, pre-pupae and pupae
of P. quinquefasciatum were recorded throughout the
study period. Hydropsychidae undergo five larval instars
(Edington and Hildrew, 1995; Waringer and Graf, 1997).
In our samples, five larval instars of P. quinquefasciatum
were recognized at all sampling sites except for the KY2,
where no first and second instar larvae were recorded
(Table 2). This is due to different collecting efforts but the
discrepancy between the lists partly results from the often
important adult flight activity.
Trichoptera play an important role in community
biomass and secondary production in the stream in Mae
Klong watershed. As with many tropical aquatic
invertebrates, P. quinquefasciatum seems to have a
multivoltine life cycle, the year-round favorable
environmental conditions resulting in continuous growth
and development (Humantinco and Nessimian, 2000). Our
study, the first such report for Thailand, showed that larval
P. quinquefasciatum in the streams from the Mae Klong
watershed are mainly omnivorous filterers (Maneechan et
al., 2018), moving through several trophic guilds as
development from instar to instar takes place. Analyses of
gut contents of larvae indicated that the first three instars
appear to select plankton, algae and plant tissue, whereas
the later instars had consumed amorphous detritus and
arthropod fragments.
5. Conclusion
The development of P. quinquefasciatum was asynchronous, with
many overlapping cohorts coexisting in the rivers. It appears that
physico-chemical factors such as electrical conductivity, total
dissolved solids, water turbidity, orthophosphate, pH, air and
water temperature, dissolved oxygen, ammonia-nitrogen, nitratenitrogen, and alkalinity are significant in influencing the life
stages and thus the biomass of this hydropsychid caddisfly species
in streams of western Thailand. Hydropsychidae are richly diverse
in Thai streams and other species can be expected to be affected in
the same way.
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Abstract
This study was conducted to assess the antiviral, antifungal and antibacterial potential of extracts from Ephedra sinica. Plant
extract activity was screened for four bacterial, three fungal and one viral pathogen including: Klebsiella pneumoniae,
Enterobacter cloacae, Serrattia marcescens, Escherichia coli, Aspergillus flavus, Aspergillus ochraceus, Aspergillus niger
and Coxsackie B3 virus. The findings disclosed promising inhibitory impacts against all pathogens. Ethanol-water extract
showed that the greatest inhibition zones (mm) against bacterial and fungal species ranged from 20.7 to 25.0 and 29.0 to 35.0
at a concentration of 150 µl/ml respectively, similar to methanol-water extract inhibition zones against the same pathogens.
Interesting outcomes against Coxsackie B3 virus was observed. For ethanol-water extract (51.6%), followed by ethanol
extract (46.6%) and methanol extract (41%) during zero-time infection, the greatest viral inhibition activity was documented.
During virucidal process, a limited action of inhibition was observed for ethanol extract (39.4%), methanol extract (36.8%),
and ethanol-water extract (31%). No viral inhibition action was notarized in both pre- and post- infection processes. The
findings of this study indicated that Ephedra sinica is an excellent source of bioactive substances against a wide range of
various microbial pathogens.
Keywords: Ephedra sinica, Antiviral, Antibacterial, Antifungal

1. Introduction
The quest for new substances with high efficacy, low
toxicity, and minor side effects must proceed against
microbial diseases due to the global need for these
substances to solve drug resistance issues. Growing
interest in natural products derived antimicrobial agents
still remains the best resource for future advancement as
powerful and safe agents for modern medication (Nagai et
al., 2011; Allayeh et al., 2015 and 2018). Particularly the
medicinal plants; Ephedra sinica is regarded one of the
most important plants in traditional medicine. Ephedra
sinica has been used in several disease treatments for over
5000 years (Naidu, 2000; Soni et al., 2004). The dried
plant has traditionally been used as a tea to treat asthma,
cough, fever, urinary incontinence, lack of sweating, and
edema reduction. Furthermore, the Ephedra plant includes
bronchial dilator, ephedrine, and high quantities of
proanthocyanidins with prominent biological activities
such as alkaloids, such as bronchodilation and
vasorelaxation. Proanthocyanidins were used as
antimicrobial,
antioxidant,
anti-inﬂammatory,
immunosuppressive,
antiviral,
anti-invasive,
antiangiogenic, antitumor, and cytotoxic activity,
especially against cancer cell lines such as SGC-7901,
HepG2, and HeLa. Ephedra sinica has recently been used
in the United States market as a supplement for weight loss
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and energy gain (Hyuga et al., 2004 and 2007; Zhang et
al., 2018). Several reports have documented the
antimicrobial activities of Ephedra genus against various
microorganisms species, including Bacterial species such
as; Staphylococcus aureus, Bacillus anthracis, B.
diphtheriae, B. dysenteriae, B. typhosus, Pseudomonas
aeruginosa, Lactobacillus acidophilus, and Lactobacillus
casei; Fungal species such as Aspergillus parasiticus,
Saccharomyces cerevisiae, Candida albicans, Candida
utilis; viral species such as avian influenza virus (BagheriGovkosh et al., 2009; Soltan and Zaki, 2009; Lee et al.,
2009; Fazeli-Nasab and Mousavi, 2019). This work will
explore the prospective antibacterial, antifungal and
antiviral activities of various Ephedra sinica crud extracts
against eight species of various pathogens, including
Klebsiella pneumoniae, Enterobacter cloacae, Serrattia
marcescens, Escherichia coli, Aspergillus flavus,
Aspergillus ochraceus, Aspergillus niger, and Coxsackie
B3 virus. We used this virus as model to study the
prospective antiviral activity due to its association with
several human diseases such as deadly viral myocarditis,
hepatitis, meningitis, gastroenteritis, hand foot mouth
disease and fibrosis cardiomyopathy that could advance
toward heart failure with no effective medication so far.
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2. Materials and Methods
2.1. Plant Extraction Preparation
Ten grams of Ephedra sinica (stem part) powder were
extracted by 100 ml of each (ethanol (ET), ethanol: water
(ET: H2O), methanol (MeoH) and methanol: water (MeoH:
H2O)) at room temperature for 24 hours in a shaker.
Finally, the extract was concentrated under vacuum with a
rotary evaporator and sterilized by using a 0.22 µm syringe
filter.
2.2. Antimicrobial Activity Preparation
The experimental bacteria isolates including, Klebsiella
pneumoniae, Enterobacter cloacae, Serrattia marcescens,
and Escherichia coli were kindly provided by the
Department of Botany and Microbiology, College of
Science, Suez University, Egypt. The microbial strains
were maintained on nutrient agar slant at 4oC until
antimicrobial testing was conducted. According to Sethiet
et al., (2013), the antibacterial activity was determined by
agar well diffusion assay as the following; Nutrient agar
medium was poured at 45°C in pre-seeded sterilized plates
with 500 µl of 18 h culture of each bacterial species.
Poured plates seeded with test organisms were rotated to
allow homogenous spread of the inoculum and left for 30
min at room temperature to solidify. Using a cork-borer,
wells of 5 mm in diameter were made in the medium of
these plates and injected by Ephedra extracts (50, 100 and
150 µl) for each concentration in these wells under aseptic
conditions. The Petri-dishes were held in a refrigerator for
two hours to allow antimicrobial agent to spread
homogenously before the organism was allowed to grow
(Selim et al., 2011). The plates were incubated at 37°C
overnight. A positive test showed the appearance of
inhibition zone and the diameters of the inhibition zone
around the well were measured.
2.3. Antifungal Activity Preparation
Ephedra extracts' antifungal activity was tested against
Aspergillus flavus, Aspergillus ochraceus, Aspergillus
niger using the agar well diffusion method. Briefly, fungi
spore suspensions were prepared and adjusted
approximately to 106spore/ml. Potato dextrose agar (PDA)
(Sigma-Aldrich, USA) plates were inoculated with 1 ml of
designated fungal spore suspension. Wells of 5 mm
diameter were produced on the PDA surface and filled
with Ephedra extracts at concentration 50, 100 and 150 µl
and incubated at 28°C for 72 hours. Fungal growth control
was prepared using PDA medium inoculated with spore
suspension without any extracts. After incubation, the
plates were tested for the inhibitory zones (mm) of the
mycelial growth around the wells (Kavanagh, 1972). All
experiments were performed in triplicates.
The PDA medium was prepared with distinct plant
extract concentrations of 50, 100 and 150 μl by adding
extract to the melted medium, followed by the addition of
Tween 80 to disperse the extract into the medium. Thirty
milliliters of the medium were poured into glass Petridishes (9 x 1.5 cm). Each Petri-dish was inoculated at the
center with a mycelial disc (6 mm diameter) of the fungal
culture. Positive control plates were inoculated following
the same procedure. Plates were incubated at 28°C for
seven days and the colony diameter was observed daily.

2.4. Antiviral Activity Preparation
Confluent monolayer vero cell (Holding Company for
Biological Products and Vaccines, Egypt) was used for the
propagation of Coxsackie B3 virus which was kindly
provided by Dr. Mohamed Shaheen, (Shubhada
Bopegamage's Lab, Slovak Medical University, Slovakia).
This cell line cultured in Dulbecco’s modification of
eagle’s medium DMEM, 13.48 g of DMEM powder was
dissolved in one liter of de-ionized H2O. This culture
medium was supplemented with 0.1% L-glutamine, heatinactivated fetal bovine serum (FBS) from Gibco-BRL in
10% or 2% to prepare growth or maintenance medium,
respectively. The following antimicrobials were added:
Penicillin/Streptomycin at the final concentration of 50 µg/
ml, and Fungal-zone at the final concentration of 2.5 µg/
ml obtained from the Gentech Company in Egypt. Using a
0.22 µm syringe filter, fully medium was filtered and
sterilized. Virus titer was determined as the next by using
Endpoint (limiting) dilution method. At room temperature,
a tube of viral stock suspension was thawed. Once
thawed, 100 µl of the stock viral solution was serially
diluted into a medium sequence of tenfold dilution.
Confluent cells (104 cells/ well) prepared in 24-well plates
were inoculated with 100 µl of each dilution in triplicate.
The plates were then incubated at 37°C (5% CO2) and
observed daily for the development of characteristic CPE.
The lowest dilution of viral stock suspension that could
still cause 50% of a CPE was taken as the maximum
dilution that would result in infection. This was called the
TCID50 because it was the minimum concentration of viral
particles needed to detect viral CPE and provide a rough
indication of the overall concentration of virus present
within the stock suspension. The endpoint dilution,
expressed as TCID50/ml, was calculated by using ReedMuench formula (Reed and Muench, 1938; Flint et al.,
2003).
2.4.1. Cytotoxicity and Cell Viability
Adding various dilutions of tested extracts to the media
can trigger cell modifications. Thus, to ensure that all
morphological changes are reported, the maximum
concentration of tested extracts at which the cells will
display no morphological changes will be determined. Cell
suspensions were seeded in 24-well plates and left at 37°C
for 24 hours in 5% CO2 incubator. Upon completion of
the confluence, distinct dilutions of the tested extracts
were added. The plates then incubated at 37°C in 5% CO2
atmosphere for two days and cell morphology changes
were observed daily. Using the CPE scoring scheme,
evidence of morphological change (such as loss of
monolayer, granulation, and vacuolization in cytoplasm)
was reported (Vijayan et al., 2004). All assays were
conducted with approximately 3x104 cells per well in
triplicates in 24-well plates.
2.4.2. Cytopathic Inhibition Assay
Vero confluent 24-well plats have been infected at
37oC for 90 min with 100 µl of stock Coxsackie B3 virus.
Then, 100 µl of the extracts were added. For each dilution,
three wells were used and 100 µl of the maintenance
medium were added per well. Ultimately, plats were
incubated for three days until full CPE was observed. The
inhibition of CPE was determined by the antiviral activity
relative to control and expressed by the formula of Reed
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and Munech, (1938). The mechanism of antiviral activity
against Coxsackie B3 virus was investigated in triplicates
using cytopathic inhibition assay with some modifications
during each process as the next;
2.4.2.1. Pre-Viral Infection Process
Vero cells were cultivated in 24-well plates and
inoculated in 5% CO2 incubator with 100 µl of tested
extracts for 90 min at 37oC. The medium was aspired and
100 µl of Coxsackie virus was inoculated for 90 min at
37oC in 5% CO2 incubator. The maintenance medium was
added and further incubation time for 3 days at 37oC in 5%
CO2 incubator. Antiviral activity was determined by the
inhibition of CPE related to the control according to HaiRog Xiang et al., (2012) and expressed by the formula of
Reed and Munech, (1938).
2.4.2.2. Zero-Time Viral Infection Process
One hundred micro-liter of Coxsackie B3 virus was
inoculated into the confluent monolayer of vero cells
accompanied by the same volume of tested extracts at
37oC in 5% CO2 incubator for 3 days until CPE was
observed. Antiviral activity was determined by the
inhibition of CPE liked to control and expressed by the
formula of Reed and Munech as outlined in the prior
section.
2.4.2.3. Post-Viral Infection Process
This test was performed with the following variations
as mentioned in the prior sections: Confluent of Vero cell
line was cultivated in 24-well plates and handled for 90
min with 100 µl of Coxsackie B3 virus in 5% CO2
incubator at 37oC. With 100 µl of tested extracts, cells
were washed and overlaid. Until CPE was observed, the
plates were incubated for 3 days.
2.4.2.4. Virucidal infection process
The direct effect of extracts on Coxsackie B3 virus was
recognized by blending equal volumes of virus suspension
with each extract and incubated at 37oC in 5% CO2
atmosphere for 90 min prior cell infection. The mixture
has been introduced to the cells. The same processes in
the previous sections have been performed.
2.5. GC/MS Analysis
The assessment was conducted using a GC (Agilent
Technologies 7890A) interfaced with a mass-selective
detector (MSD, Agilent 7000) equipped with a polar
Agilent HP-5ms (5%-phenyl methyl poly-siloxane)
capillary column (30 m × 0.25 mm i. d. and 0.25 μm film
thickness). The carrier gas was helium with the linear
velocity of 1ml/min. The temperature of the injector and
detector was 200º C and 250º C, respectively. The volume
injected size is 1μl. The operating parameters for MS were
as follows: ionization potential 70 eV, interface
temperature 250º C, and acquisition mass range 50–800.
Component identification was based on a comparison of
their mass spectrum and retention time with those of the
authentic compounds and by computer matching with
NIST and WILEY libraries as well as comparison of the
fragmentation pattern of the mass spectral information
with those reported in the literature (Sanatana et al., 2013).
2.6. HPLC Conditions
The polyphenols determination from the four Ephedra
extracts was performed using an Agilent 1260 series.
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Column C18 (4.6 mm x 250 mm i.d., 5 μm) was used to
separate. The mobile phase consisted of water (A) and
0.02% tri-floro-acetic acid in acetonitrile (B) at a flow rate
1 ml/min. The mobile phase was programmed
consecutively in a linear gradient as follows: 0 min (80%
A); 0–5 min (80% A); 5-8 min (40% A); 8-12 min (50%
A); 12-14 min (80% A) and 14-16 min (80% A). The
multi-wavelength detector was monitored at 280 nm. The
injection volume was 10 μl for each of the sample
solutions. The column temperature was maintained at 35
°C (Amakura et al., 2013).
2.7. Statistical analysis
All experiments were performed in triplicate and the
data expressed as means of ± standard deviation (SD)
using Microsoft Excel software V2007.
3. Results and Discussion
The genus of Ephedra is widespread globally and its
composition depends mainly on its species, harvest dates,
fractionation processes, and geographical area. In this
manner, their pharmacological effect could be quitespecies specific. Most of the previous Edephra reports
have been performed on Ephedra sinica, the
pharmacological characteristics of which seem to come
basically from significant alkaloids, ephedrine, and
pseudoephedrine (Walaa et al., 2019). This study is one of
very restricted work to our understanding that the
antimicrobial actions of Ephedra sinica explored. Based
on the results of the current study, all Ephedra sinica
extracts have been shown to inhibit wide range of
pathogens as the next in the following sections.
3.1. Antibacterial Activity
To explore Ephedra sinica's crud extracts for
antibacterial activity; all crud extracts showed prominent
inhibition zones against all bacterial species. Indeed, the
largest inhibition zones (mm); 25.0, 22.3, 20.7, and 21.0
have been reported for ethanol: H2O fraction at 150 µg/ml
concentration against Serrattia marcescens, Escherichia
coli, Enterobacter cloacae, and Klebsiella pneumoniae,
respectively. Although at the same concentration,
methanol: H2O fraction also displayed elevated inhibition
zones; 24.3, 21.0, 19.6, and 20.0 against the same bacterial
species. In comparison to prior extracts, inhibition zones of
absolute ethanol extract (18.3, 17.0, 15.7 and 14.6)
accompanied by absolute methanol extract (21.6, 20.0,
18.0 and 18.6) showed a moderate inhibition of the same
species (Table 1). In this respect, Plant Ephedra sinica
could be regarded as an excellent growth inhibitor against
bacterial species. On the other hand, ethanol: aqueous
extract has been discovered to be more effective against
bacterial species compared to methanol: aqueous extract
that also works against the same bacterial species. This
outcome is in complete agreement with the previous report
about ethanol and aqueous extractions of Ephedra
gerardiana against B. atrophaeus, Escherichia coli,
Staphylococcus aureus and K. pneumonia (Khan et al.,
2017). Unlike Ephedra gerardiana's ethanol extract
against E. coli, S. aureus, and P. aeruginosa
also exhibited prominent inhibition zones (Kumar and
Sigh, 2011).
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Table 1: Inhibition zones (mm) formed by E.S extracts against Bacterial spp.
Extract

Concentration (µl)

Inhibition zone (mm)
Serratia marcescens

Escherichia coli

Enterobacter cloacae

Klebsiella pneumoniae

MeOH

10.7±1.7

8.6±1.5

8.5±1.1

11.0±2.0

MeOH:H2O

12.3±2.1

10.6±1.2

10.6±2.08

13.0±1.9

ET

8.0±1.8

7.3±2.1

7.0±1.5

8.0±1.0

ET:H2O

13.0±1.8

12.3±2.3

10.0±1.5

11.5±1.5

MeOH

16.0±1.5

13.0±1.52

10.0±1.1

12.0±1.0

19.0±2.6

16.0±1.0

14.7±1.52

14.6±2.5

ET

13.0±2.1

10.6±1.6

8.7±1.5

10.7±1.3

ET:H2O

19.6±2.1

16.7±1.6

15.7±2.08

15.0±2.0

MeOH

21.6±1.5

20.0±1.7

18.0±1.2

18.6±1.7

50

MeOH:H2O
100

24.3±1.15

21.0±2.0

19.6±1.8

20.0±1.5

ET

18.3±2.0

17.0±2.0

15.7±2.3

14.6±1.5

ET:H2O

25.0±2.0

22.3±2.5

20.7±2.1

21.0±2.0

MeOH:H2O
150

3.2. Antifungal Activity
All crud extracts have been assessed for antifungal
activity against Aspergillus flavus, Aspergillus ochraceus
and Aspergillus niger based on powerful prospective
antibacterial activities. Hence, significant antifungal
activity or elevated inhibition zones were documented in
this study. Inhibition zones of 29.0, 35.3, and 32.1 (mm)
for Ethanol: H2O fraction (150 µg/ml) were disclosed
against Aspergillus flavus, Aspergillus ochraceus, and
Aspergillus niger, followed by inhibition zones (26.5, 32.5
and 28.5) of methanol: H2O fraction, respectively, whereas
inhibition zones of absolute methanol (22.6, 29.5 and 25.0)
followed by absolute ethanol inhibition zones (18.5, 23.0
and 15.0) showed average inhibition activity against the
same fungal species compared to prior extracts at different
concentrations (Table 2). Since the growth of the
Aspergillus species at different levels of 50,100 and 150
μg / ml was considerably inhibited, the current work
suggests that Ephedra sinica could be used as a therapy
against Aspergillus species. Our findings are comparable
to the previous report on the essential oils of Ephedra
major which exhibited significant inhibition of fungal
growth and Aflatoxin production according to RazzaghiAbyaneh et al., (2009). For essential oils of Ephedra
major at the concentration of 1000 µg/ml, powerful
inhibition of Aspergillus parasiticus and aflatoxin
production was reported in other studies (BagheriGovkosh et al., 2009; Abou El-Soud et al., 2015; Deabes
et al., 2018). On the other hand, few studies showed that
there was no obvious inhibition impact of the Ephedra
breana fractions against Aspergillus flavus at 1000 μg / ml
levels (Feresin et al., 2001). Another study showed that
Ephedra procera methanol extract could not influence
Aspergillus flavus growth at concentrations of 1000 µg/ml
(Fazly-Bazzaz and Haririzadeh, 2003). This may refer to
the variations in the Ephedra plant's compositions or
species.

Table 2: Inhibition zones (mm) formed by E.S extracts against
Fungi spp.
Extract

Concentration
(µl)

Inhibition zone (mm)
A. flavus

A. ochracues

A. niger

MeOH

9.0±1.8

15.0±2.1

11.5±1.5

MeOH:H2O

14.7±2.2

18.5±1.1

16.0±1.07

ET

6.5±1.5

9.3±1.5

7.0±1.0

ET:H2O

14.5±1.8

19.0±1.5

16.5±1.5

MeOH

16.5±1.5

23.7±1.0

18.1±1.3

50

MeOH:H2O

21.0±2.0

27.0±1.5

24.5±1.5

ET

9.5±1.0

15.0±1.7

11.5±1.0

ET:H2O

23.5±2.1

28.6±1.4

27.1±1.5

MeOH

22.6±1.0

29.5±1.1

25.0±1.5

100

MeOH:H2O

26.5±1.5

32.5±1.0

28.5±1.0

ET

18.5±1.0

23.0±1.9

15.0±2.0

ET:H2O

29.0±1.0

35.3±2.0

32.1±1.5

150

3.3. Antiviral Activity
No cytotoxic effect was observed for all the extracts
using Vero cell lines. Contrary to the outcomes of
antibacterial- or antifungal- experiments in the present
study, interesting phenomena was reported during antiviral
experimentation; during pre-infection or post-infection
mechanisms, neither crude extract nor any fraction showed
significant antiviral activity against Coxsackie B3 virus.
But during zero-time infection and virucidal processes for
particular extracts, an inhibition activity was reported as
shown in (Table 3). The greatest inhibition activity was
documented for ethanol: H2O (51.6%) followed by
absolute ethanol (46.6%), absolute methanol (41%),
respectively during the zero-time process. For absolute
ethanol, absolute methanol, and ethanol: H2O fractions,
39.4%, 36.8%, and 31% of inhibition activity were
reported during the process of virucidal infection,
respectively.
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Table 3: Antiviral activity of E.S extracts against Coxsackie B3
virus.
% of CPE Inhibition of Coxsackie B3 virus
Extract

PrePostVirucidal
infection infection infection

Zero-time
infection

Methanol extract

15.2%

11%

36.8%

41%

Methanol : H2O

5%

2%

31%

33.5%

Ethanol extract

13.8%

16.4%

39.4%

46.6%

Ethanol : H2O

5.5%

9.3%

31%

51.6%

The crud extracts of Ephedra sinica have moderate
antiviral activity against Coxsackie B3 virus in vitro
compared to the outcomes of both antibacterial and
antifungal tests in the current work. Contrary to the
previous study conducted on plant Ephedra aphylla
collected from Egypt, mild proportion of antiviral activity
(40.7%) against Herpes virus type I was also documented
(Khaled et al., 2018). According to Mantani et al., (1999),
the inhibition may due to the inhibitory effect of the
Ephedra on the acidification of intracellular elements such
as lysosomes that have capability to inhibit the growth of
influenza virus. In another study, (Sumiko et al., 2016)
confirmed that the ephedrine alkaloids-free Ephedra Herb
extract has significant antiviral activity against influenza
virus and suggested obtaining a license approval for the
therapeutic use of ephedrine alkaloids-free Ephedra.
3.4. GC/MS And HPLC Analysis
According to GC/MS analyses, the retention indices
(RI) and the composition % of twelve components were
identified in Ephedra sinica out of which {Lupeol & 2Nonaprenyl-6-methoxyphenol & Glycodeoxycholic acid &
Ledene} and {5, 7-dimethoxyflavone & 4-(Ethylamino)-6(methylsulfanyl)-1, 3, 5-triazin-2-ol} were the principle
principal? Components found in ethanol-water and
absolute ethanol extracts, respectively. The profile of
GC/MS for methanol-water and absolute methanol extracts
was completely different from the previous extracts. Here,
twenty-one and eleven components were documented for
methanol-water and absolute methanol extracts,
respectively (Table 4). On the other hand, higher
polyphenol (Gallic acid, Coffeic acid, Syringic acid)
content was observed in aqueous-organic solvents extracts
in contrast to their absolute solvents by using HPLC
(Table 5). Extract of Ethanol-water had the largest
polyphenol content followed by extract of methanol-water,
while there were no several peaks in both absolute extracts
of ethanol and methanol (Figures 1-5). These are
comparable to the results of the previous report conducted
on black tea and which showed that 50 % of aqueous
organic solvents have extracted more polyphenolic
compounds than absolute organic solvents (Michael et al.,
2016). This phenomenon may be because water swells the
plant material and increases extractability by allowing the
solvent to penetrate more easily into the solid matrix
(Horax et al., 2010). To our knowledge, the phenolic
compounds may interact with the membrane proteins,
which changes membrane permeability, and causes cell
death or penetrates the pathogen itself and coagulates its
content according to Tian et al., (2009). These
mechanisms support our outcomes and explain why the
aqueous-ethanol extracts have significant antibacterial,
antifungal and antiviral activities in this work more than
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absolute solvent, which may be due to a high content of
polyphenol.
Table 4: GC/ MS Profile for each E.S extract according to
Retention time and constituents concentration (%)

A- Absolute Ethanol Extract (ET)
No. Name of compounds

Molecular
Formula

Retention Ratio
time
(%)

1

Thiourea,N-(4-butoxyphenyl)N'-[4-(dimethylamino)phenyl]

C19H25N3OS

6.008

2

1'-Hydroxymidazolam

C18H13ClFN3O 14.421

1.31

3

Tetrahydro-L-biopterin

C9H15N5O3

14.567

1.3

4

4',6-Dimethoxyisoflavone-7-Oβ-D-glucopyranoside

14.673

1.67

5

Cholesta-5,7-dien-3-ol, (3β)-

C27H44O

15.146

6.2

6

Noscapine

C22H23NO7

15.594

1.23

7

Methyl farnesoate

C16H26O2

19.147

3.01

8

Squalene

C30H50

19.786

1.0

9

5,7-dimethoxyflavone

C17H14O4

20.565

25.89725

10

Trp-Cys-Arg, Tryptohan ,
cystein, arginine

21.437

3.5

11

4-(Ethylamino)-6(methylsulfanyl)-1,3,5-triazin2-ol

C6H10N4OS

22.194

24.51656

12

3-Methoxy-6,7,8,9tetrahydrodibenzo[b,d]furan-2ol

C13H14O3

22.842

8.716873

1.05

B- Ethanol-Water Extract (ET: H2O)
No. Name of compounds

Molecular
Formula

Retention
time

Ratio
(%)

1

Salicylic acid

C7H6O3

3.445

9.04

2

Pyrocatechol

C6H4-1,2-(OH)2
C6H6O2

3.539

5.13

3

Hydroquinone

C6H6O2 C6H4-1,4(OH)2

6.308

6.72

4

4Pyridinecarboxaldehyde

C6H5NO

3.755

4.37

5

7,3',4',5'Tetramethoxyflavanone

C18H16O8

6.081

1.36

6

Quercetin 3',4',7trimethyl ether

C18H16O7

13.199

1.47

7

Propyl gallate

C10H12O5

14.462

2.63

8

2-Nonaprenyl-6methoxyphenol

C17H24O2

16.522

14.13

9

Glycodeoxycholic acid

C26H43NO5

1.428

11.43

10

Ledene

C15H24

21.327

11.12

11

Lupeol

C30H50O

21.954

19.75

12

Betulin

C30H50O2

23.091

3.62

C- Absolute Methanol Extract (MeoH)
No. Name of compounds

Molecular
Formula

Retention Ratio
time
(%)

1

Pyrocatechol

C6H4-1,2-(OH)2
C6H6O2

4.02

14.47

2

DL-Homocysteine, S-ethyl-

C6H13NO2S

4.207

7.59

3

1-Aminothiourea

CH5N3S

4.529

1.899823

4

Benzoyl isothiocyanate

C8H7NS

4.696

2.226332

5

Salsoline (Alkaloid)

C11H15NO2

5.804

1.058791

6

7,8-Dihydroneopterin

C9H13N5O4

13.936

1.201704

7

2-Acetyl-5C9H14N2O5
(tetrahydroxybutyl)imidazole

14.103

2.353973

8

4',6-Dimethoxyisoflavone-7O-β-D glucopyranoside

14.861

1.643087

9

Olomoucine

16.136

1.17494

10

2,6-dimethyl-N-(2-methyl-αC10H15N
phenylbenzyl)aniline

20.349

44.02967

11

Betulin

22.529

1.086693

C15H18N6O

C30H50O2
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D- Methanol-Water Extract (MeoH: H2O)
No. Name of compounds

Molecular
Formula

Retention
Ratio (%)
time

16 Gardenin

C21H22O9

C21H23NO4 15.37

2.170816

3.9

7-Diethylamino-3-(3,417 dimethoxyphenyl)
coumarin

1

Epinephrine

C9H13NO3

3.906

3.164819

2

Vitexin

C21H20O10

3.979

3

Nopol (terpene)

C11H18O

4.256

9.81479

18 Quinine

C20H24N2O2 15.566

2.696559

5β,7βH,10α-Eudesm-1119
en-1α-ol

C15H26O

15.59

3.245133

15.806

4.48629

20.393

1.769145

4

Benzo[h]quinoline, 2,4dimethyl-

C15H13N

5.393

6.24

5

7,3',4',5'Tetramethoxyflavanone

C19H20O6

6.326

4.602642

6

8-Carboxy-3methylflavone

C17H7D5O4

6.99

5.2

7

4'-Hydroxychalcone

C15H12O2

7.739

6.72

8

3-(2-Benzothiazolyl)-6methoxycoumarin

C17H11NO3S 8.012

3.177727

9

Norepinephrine

C8H11NO3

8.53

2.45

10 Vanillic acid

C8H8O4

9.059

3.82

11 Phloroglucinol

C6H6O3

10.119

3.140511

12

Quercetagetin-7-Oglucoside

20 Baicalein trimethyl ether
21 3,4-Dihydrocoumarin

C9H8O2

14.889

2.320525

Table 5: HPLC Separation for Polyphenol content in E.S extracts.
Poly phenol

Concentration (µg/ml)
Methanol MethanolExtract
Water Extract

Ethanol
Extract

EthanolWater Extract

Gallic Acid

5.66

17.70

1.41

49.54

Catechin

0.0

0.0

0.0

3.27

Coffeic Acid

4.02

8.20

0.0

8.33

Syringic Acid

0.0

2.61

0.0

2.78

C21H20O13

11.968

3.607574

13 Cholic acid

C24H40O5

12.877

1.80761

Coumaric Acid 0.90

1.41

0.0

1.45

14 Tetrahydro-L-biopterin

C9H15N5O3

13.797

2.809424

Vanillin

1.77

0.0

1.79

0.45

0.19

1.11

15

5,7,3',4',5'Pentahydroxyflavone

1.9

Cinnamic Acid 0.52

C15H14

14.429

3.711465

Figure 1: HPLC Profile for Polyphenol Standards

Figure 2: HPLC Profile for E.S extract by absolute Methanol Solvent
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Figure 3: HPLC Profile of E.S extract by Methanol: water extract

Figure 4: HPLC Profile of E.S extract by absolute Ethanol solvent

Figure 5: HPLC Profile of E.S by Ethanol: water extract

4. Conclusion
This study explored the aqueous-organic solvents and
absolute solvent extracts from Ephedra sinica as well as
antibacterial, antifungal and antiviral activities of these
extracts. Our findings have revealed a significant
inhibitory impact on all pathogen species. Ethanol-water
extract showed that the greatest inhibition zones (mm)
against bacterial and fungal species ranged from 20.7 to

25.0 and 29.0 to 35.0 at a concentration of 150µl/ml,
respectively. For antiviral activity, 51.6% was the greatest
inhibition documented for ethanol-water extract against
coxsackie B3 virus during zero-time process. We,
therefore, suggest that aqueous-ethanol solvent can be used
as a useful source for natural polyphenol and alkaloids
with anti-wide range of pathogen species. Furthermore,
mutagenic and carcinogenic investigations are necessary
for safe human use.
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Abstract
Although sulfiting agents including sodium metabisulfite (SMB) are commonly used as preservative in foods, medicines and
beverages, they have also been considered as important risk factors for the initiation and progression of diseases due to
oxidative damage. The purpose of this report was to investigate the effect of ginger extract on serum oxidative stress indices
and biochemical markers of liver and kidney function in SMB-treated rats. Twenty-four male Wistar rats (200-250 g) were
divided into four groups: distilled water, ginger (500 mg/kg/day), sodium metabisulfite (260 mg/kg/day), and sodium
metabisulfite + ginger. After 28 days of treatment, serum glutamate oxaloacetate transaminases (SGOT), serum glutamate
pyruvate transaminases (SGPT), alkaline phosphatase (ALP) , total and direct bilirubin, creatinine, BUN, and total protein
and antioxidant enzyme activities including glutathione peroxidase (GPx), glutathion reductase (GR), catalase (CAT)
activities, and the levels of glutathione were tested. Differences in parameters among the four groups were assessed by oneway analysis of variance followed by Tukey’s test. SMB ingestion resulted in a significant rise in serum liver enzymes
(SGOT, SGPT, ALP). Serum antioxidant enzymes (GPx, GR, CAT), and the levels of glutathione were significantly
decreased. However, ginger extract supplementation to the SMB treated rats partly reversed these effects to normal levels.
Based on these results, sulfite induced oxidative stress was attenuated by ginger extract treatment, thus ginger can be used as
a regular protective nutrient.
Keywords: Ginger, liver enzymes, Sodium metabisulfite, Oxidative stress.

1. Introduction
Sulfiting agents including sulfur dioxide and various
sulfite salts are widely used as preservatives in
pharmaceuticals and food industry. Despite their common
uses, sulfites are toxic molecules and can react with a
variety of cellular components including proteins, lipids,
DNA, etc (Meng et al., 2004, Yi et al., 2005). Adverse
effects of sulfite compounds in multiple organs of
mammals including the pulmonary system (Vally and
Misso, 2012) and the reproductive system (Rezaee et al.
2016, Shekarforoush et al., 2015) have been reported. An
immediate increase in reactive oxygen species (ROS)
production accompanied by a depletion of intracellular
ATP followed by exposure of kidney cells and PC12 cells
to sulfites was observed (Vincent et al., 2004, Zhang et al.,
2004). Induction of lipid peroxidation was reported in the
kidney and liver of rats treated orally with sodium
metabisulfite (SMB) at a dose of 520 mg/kg/day (Elmas et
al., 2005). Sulfites have been documented to alter the
oxidant and antioxidant balance in rat erythrocyte (Ozturk
et al., 2010) and serum (Shekarforoush et al., 2018).
Herbal medicines have received considerable attention
over the last decades due to their diverse antioxidant
activities. Ginger (Zingiber officinale Roscoe) is an herbal
medicinal
product
with
anti-tumorigenic,
antiinflammatory, and antioxidative activity (Ali et al., 2008).
*
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All ginger’s major active ingredients, such as zingerone,
gingerdiol, zingibrene, gingerols, and shogaols have antioxidant activities (Sakr and Badawy, 2011). In the
alternative and folk medicine in the world, ginger has been
used since antiquity to treat diseases like cold, headaches,
nausea,
gastrointestinal
disturbances,
rheumatic
complaints, parasitic infections, and muscular discomfort.
Experimental studies have shown that ginger protects the
liver against the toxic effects of alcohol, country liquor,
acetaminophen, and heavy metals (Haniadka et al., 2013).
Our previous study has determined the protective effect
of ginger against SMB-induced testicular oxidative stress
(Afkhami Fathabad et al., 2017).
The daily intake of sulfites through foods and
beverages may exceed the acceptable daily intake value
(0.7 mg/kg body weight) (Lien et al., 2016). Because
consequences of dietary exposure to sulfites are not fully
characterized, it is necessary to evaluate how the health
risk associated with that can be reduced. There are no
published reports in the literature about the protective
effect of ginger extract against oxidative stress induced by
SMB in the blood of rats. On the basis of these
considerations, this study was designed to evaluate
whether changes in serum biochemical and oxidative stress
markers induced by SMB ingestion could be treated with
ginger.
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2. Materials and Methods
2.1. Drug and Ginger Extract Preparation
Sodium metabisulfite was obtained from Sigma (EC
No: 231-673-0, CAS. No: 7681-57-4) and dissolved in
distilled water (260 mg/ml). Dried ginger rhizomes were
purchased from Arsanjan grocery and powdered by
grinder. 200 g of the powder was soaked in 1 litre of 50%
ethanol for 72 hours and extracted by percolation several
times until complete exhaustion. The solvent was
concentrated using rotavapor device connected to a
vacuum pump. 20 g of the concentrate was obtained.
Previous studies using HPLC identified the major
constituents of ginger including: [6]-gingerol, [8]-gingerol,
[10]-gingerol, [6]-shogaol, [8]-shogaol, [10]-shogaol and
[6]-paradol, and [1]-dehydrogingerdione (Shao et al.,
2010).
2.2. Animals
Twenty-four male Wistar rats weighing 200–250 g
were maintained at 12 h light–dark cycles and a constant
temperature of 23±1˚C at all times. The rats were fed with
a standard rodent pellet diet and drinking water ad libitum.
All experimental protocols conducted on rats were
performed in accordance with the standards established by
the Animal Ethics Committee at the Islamic Azad
University. Rats were divided into four groups of 6
animals each: Group 1 (control): rats recieved distilled
water (1 ml/kg); Group 2 (S260): rats treated with SMB
(260 mg/kg); Group 3 (Z500): rats treated with ginger (500
mg/kg); Group 4 (SZ), rats treated with SMB + ginger at
the same previous dose. The doses of SMB and ginger
were prescribed according to the previous studies
(Morakinyo et al. 2010, Rezaee et al. 2016). Ginger and
SMB were given by gavage via oral cannula and lasted for
a period of 28 days.
2.3. Biochemical Evaluation
At the end of the experimental period, rats were
anesthetized using diethyl ether and the blood samples
were collected by cardiac puncture. The samples were
allowed to coagulate for 30 min at room temperature and
centrifuged at 3000 rpm for 10 min. The supernatant serum
was quickly removed and kept at –20 ˚C for further
analysis.
Serum glutamate oxaloacetate transaminase (SGOT),
serum glutamate pyruvate transaminase (SGPT), alkaline
phosphatase (ALP) , total and direct bilirubin, creatinine,
BUN, and total protein values were checked using the
standard diagnostic test kits (Pars Azma Co., Iran).

Ellman’s method (Ellman, 1959). The absorbance of the
reaction products was observed after 5 min at 412 nm. The
glutathione peroxidase (GPx) activity of serum samples
was measured by continuous monitoring of the
regeneration of GSH from oxidized glutathione (G-S-S-G)
upon the action of glutathione reductase (GR) and NADPH
according to the method of Fecondo and Augusteyn
(Fecondo and Augusteyn, 1983). The activity of GR was
measured spectrophotometrically with a Randox
laboratory kit at 340 nm and 37°C using the method
described by Carlberg and Mannervik (Carlberg and
Mannervik, 1985). Catalase (CAT) was assayed
spectrophotometrically by monitoring the decomposition
of H 2 O 2 using the procedure of Aebi (Aebi, 1984). The
activity of SOD was assayed according to Winterbourn et
al. (1975) and is based on the ability of superoxide
dismutase to inhibit the reduction of nitro-blue tetrazolium
by superoxide (Winterbourn et al., 1975).
2.5. Measurement of Lipid Peroxidation
The level of serum malondialdehyde (MDA), a product
of lipid peroxidation, was determined using thiobarbituric
acid (TBA) method. MDA reacts with TBA and produces
a pink colored complex which has the maximum
absorbance at 532 nm. The results were expressed as
nmol/ml (Mihara and Uchiyama, 1978).
2.6. Statistical Analysis
All data are presented as mean ± standard error of mean
(SEM) and analyzed using SPSS (Version 18; SPSS Inc.,
Chicago, USA). Data was analyzed using one-way
ANOVA and a post hoc Tukey test. Statistical significance
was accepted when P < 0.05.
3. Results
3.1. .Evaluation of Liver and Kidney Function Markers
The effects of SMB and ginger on serum biomarkers of
liver and kidney function including SGOT, SGPT, ALP,
TP, and billirubin (as liver function test) and BUN and
creatinine (as kidney function test) were examined at the
end of treatment period (Table 1). Sulfite treatment for 28
days caused a significant increase in SGOT (P = 0.001),
SGPT (P = 0.008), ALP (P = 0.049), and a significant
decrease in total protein (P = 0.02). BUN and creatinine
levels were increased non-significantly in the SMB treated
group. The levels of examined serum biomarkers in the
rats fed ginger with SMB did not show any significant
difference compared to control group. All measured values
in the control and ginger treated groups were almost the
same.

2.4. Serum Antioxidant Enzyme Activities
(GSH) contents with 5-5'-dithiobis, 2-nitrobenzoic acid
(DTNB) was measured and followed by a standard
Table1. Effect of ginger and sodium metabisulfite treatment for 28 days on serum biochemical parameters.
Group
SGOT (IU/L) SGPT (IU/L)
ALP (IU/L) TP (g/dl)
BUN (mg/dl)
Cr (mg/dl) T. Bili (mg/dl) D. Bili (mg/dl)
Cont
182.5±18.7
111.5±9.5
456±30.9
6.7±0.2
23.6±0.4
0.86±0.02 0.07±0.007
0.02±0.01
Z500
180.5±9.7
107±4.3
364.6±43.6
6.6±0.1
22.5±2.1
0.9±0.03
0.1±0.001
0.04±0.1
S260
266.6±2.6**
148.3±3.8**
683.8±78.1* 5.7±0.2*
26.1±1.2
1.17±0.2
0.1±0.001
0.03±0.01
SZ
202.1±13.7##
117.6±8.8#
509.6±63.7
6.2±0.1
19.3±1.2#
0.82±0.01 0.06±0.008#
0.008±0.01
Each value indicates the mean ± SEM. Z500, administration of 500 mg/kg/day ginger; S260, administration of 260 mg/kg/day sodium
metabisulfite; SZ, coadministration of sodium metabisulfite and ginger at the same dose. *P < 0.05, **P < 0.01 vs. control group; #P < 0.05,
##
P < 0.01 vs. S260.
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3.2. Evaluation of Serum Antioxidant Enzyme Activities
As observed in Table 2, administration of SMB to rats
resulted in significant decrease in serum concentrations of
GSH (P = 0.001) and activities of GPx, GR (P < 0.001),
and catalase (P = 0.03) when compared with the control
group. Co-administration of SMB with ginger extract
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resulted in significant increase in the GPx and GR
activities when compared to the SMB treated rats. No
statistically significant difference was observed in GSH
level and catalase activity in rats treated with SMB +
ginger and control group. No difference was observed
between control and ginger treated rats.

Table2. Effect of ginger and sodium metabisulfite treatment for 28 days on the serum antioxidant enzyme activities.
Groups
SOD (u/ml)
GPx (u/ml)
GR (u/ml)
CAT (u/ml)
GSH (µmol/ml)
Control
6.4±0.74
17.1±1
3.4±0.2
19.1±1.9
0.76±0.08
Z500
6.1±1.7
24.3±1.17
6.7±0.08
13.1±1.5
0.63±0.04
S260
5.2±1
1.17±0.26***
1.46±0.04***
8.1±3.1*
0.36±0.06**
SZ
6.5±1.1
7.93±0.45***###
2.6±0.04**##
9.8±3.1
0.59±0.03
Each value indicates the mean ± SEM. Z500, administration of 500 mg/kg/day ginger; S260, administration of 260 mg/kg/day sodium
metabisulfite; SZ, coadministration of sodium metabisulfite and ginger. SOD, superoxide dismutase; GPx, glutathione peroxidase; GR,
glutathione reductase; CAT, catalase; GSH, reduced glutathione. *P < 0.05, **P < 0.01, ***P < 0.001). *P < 0.05, **P < 0.01, ***P < 0.001 vs.
control group; ##P < 0.01, ###P < 0.001 vs. S260.

3.3. Evaluation of Serum Lipid Peroxidation
Serum MDA levels (means ± SEM) detected in SMB
treated rats (33.03 ± 1 nmol/L) were significantly higher
than those detected in rats treated with ginger (23.7 ± 2.1
nmol/L) and control (18.9 ± 2.1 nmol/L). Though not
significant, MDA levels were observed to decrease in rats
treated with SMB + ginger (27.7 ± 0.5 nmol/L) (Fig. 1).
40

Serum MDA (nmol/L)

***
**

30

20

10

0
Con

Z500

S260

SZ

Figure 1. Effect of sodium metabisulfite on serum
malondialdehyde (MDA) in rats after 28 days treatment. Values
are expressed as mean±SE for six rats in each group. Con, control
group; Z500, rats treated with ginger (500 mg/kg), S260, rats
treated with sodium metabisulfite (260mg/kg); SZ, rats treated
with sulfite and ginger. Asterisk, significantly different from the
control group. **P < 0.01, ***P < 0.001.

4. Discussion
In the present study, the serum biomarkers of oxidative
stress and renal and hepatic injuries subsequent to
exposing rats to SMB at 260 mg/kg dose were evaluated.
The results show that SMB ingestion increased serum
levels of MDA, accompanied by significant reduction of
GPx, GR, CAT activities and GSH concentration. The
present data also confirmed that administration of SMB for
28 days caused liver injury as evidenced by elevation of
SGOT, SGPT, ALP, and reduction of total protein. The
modification in the values of the investigated parameters
confirms the hepatoprotective effect and antioxidant
activity of ginger.
The main mechanism by which sulfite mediates its
toxic effects is through oxidative stress due to an increased
production of sulfur- and oxygen-centered free radicals.
ROS overproduction and ATP depletion have been shown

in neurons and human fetal liver cells due to sulfite
toxicity (Zhang et al. 2004). Lipid peroxidation was
induced in the kidney and liver of rats treated orally with
SMB (Elmas et al. 2005). The observed increase in serum
MDA levels, as a byproduct of lipid peroxidation,
confirms previous observations of sulfite-induced lipid
oxidation as a well-established mechanism of cellular
injury (Shekarforoush et al. 2018). Sulfite-induced
hepatotoxicity is associated with the rapid disappearance
of oxidized glutathione (GSSG), followed by the slow
depletion of reduced glutathione that potentially
diminishes antioxidant defense (Niknahad and O'Brien
2008). Decreased serum antioxidant enzymes activity and
GSH content as a result of oxidative stress can reduce the
protection against free radicals and lipid peroxidation. The
results of an experimental study showed that ingested
sulfite by inducing hepatocyte necrosis may cause liver
dysfunction (Bai et al. 2013). Hepatotoxicity linked to
oxidant stress is reflected by an increase in the levels of
hepatic enzymes (Contreras-Zentella and HernandezMunoz 2016). Significant increase in the SGOT, SGPT
and ALP activities in the SMB treated group could be
taken as an index of liver damage. The findings of this
study indicated that ginger prevented hepatic enzyme
changes in rats. Ginger significantly decreased the serum
levels of transaminases towards the respective normal
values and increased the activities of GPx and GR
compared to SMB ingestion alone. These alterations
indicate that the ginger is somewhat able to stabilize
plasma membranes and repair hepatic tissue damage
caused by SMB. These results are consistent with previous
reports indicating that ginger exerts antioxidative effect by
decreasing lipid peroxidation and maintaining normal
levels of antioxidant enzymes (Ahmed et al. 2000,
Mashhadi et al. 2013). Increased serum GSH level was
reported in ginger fed rats (Ahmed et al. 2000).
Hepatoprotective effect of ginger extract has been
demonstrated in earlier studies (Atta et al. 2010, Yemitan
and Izegbu 2006). The protective effect of ginger may be
due to prevention of the decline of hepatic
antioxidant status or its direct radical scavenging capacity
(Ajith et al. 2007). Recent studies revealed that
ginger active components 6-shogaol (Peng et al. 2015) and
6-dehydrogingerdione (Yao et al. 2014) are potent
activators of the transcription factor Nrf2 to boost the
cellular antioxidant enzymes and GSH.
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The previous reported data indicated that SMB, when
given at a dose of 520 mg/kg/day, results in increased lipid
peroxidation in the kidney (Elmas et al. 2005). Contrary to
the finding of abnormal elevation of liver function tests,
the sulfite at a dose of 260 mg/kg/day did not significantly
increase the serum level of BUN and creatinine. The
finding suggests that hepatocytes may be more sensitive to
sulftes. On the other hand, because of renal reserve, the
serum creatinine level may not rise until 50% of kidney
function has been lost (Ronco 2013).
Although this study provides important findings about
protective effect of ginger against SMB, the lack of
histology was a limitation of our study. Future studies
should include histology to confirm the effects of SMB
and ginger. In addition, we recommend evaluating the
effect of the active gradients, such as 6-shogaol and 6dehydrogingerdione, as an important line of study.
5. Conclusion
The present results show that sodium metabisulfite
(260 mg/kg) induces oxidative stress through decreased
serum antioxidant enzyme activities and GSH and
increased MDA level.
The observed oxidative effect of sulfite correlates with
elevated liver enzymes suggesting that increased ingestion
of sulfite may cause damage to the hepatocytes. Increased
GPx and GR activity and decreased serum transaminases
by co-administration of ginger with sulfites suggest that
ginger may partially reduce the observed oxidative damage
in the rats after exposure to sulfite.
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Abstract
This study is concerned with Al-Zarqa River, one of the major water resources in Jordan. It investigated its surface water
quality with respect to the occurrence and serotypes of enteroviruses in different water samples collected from the river over
a period of 11 months. Viruses were concentrated from river water, raw sewage and effluent samples with a calculated %
recovery yield ranged between 2% and 8%. The concentrations of enteroviruses ranged between 3.3 and 6.3X103 pdu/ml,
with a mean of 2.5X103 pdu/ml in raw sewage. Thirty-three samples were examined for the presence of enteroviruses by
means of RT-PCR and southern blotting hybridization. Enteroviruses were detected in 14 (42%) of the samples. Sequence
analysis of RT-PCR products followed by phylogenetic analysis revealed the frequent detection of coxsackievirus B4 and
poliovirus serotype type 1, while the remainder comprised coxsackievirus B3, echovirus 9 and echovirus 11. Enteroviruses
sequences isolated from samples collected from different sites along the river were similar, but differences were observed in
samples collected from the same sites at different times. Circulation of enterovirus in sewage and water, serotyping and
phylogenetic analysis enabled us to trace back the source of enterovirus contamination.
Keywords: Enterovirus; phylogeny; serotype; Zarqa River; wastewater

1. Introduction
It is estimated that, more than 100 different types of
potentially pathogenic microorganisms that may cause an
immense range of diseases and clinical symptoms can be
present in polluted water (Iwai et al., 2006). Transmission
of pathogens via the environment can clearly result in
infections and diseases to both humans and animals,
resulting in the circulation of pathogens in the environment
(Westrell, 2004). Heavy rains can cause run-offs from
agriculture land and will reintroduce pathogens from
sludge and manure into rivers, which can contribute
substantial loads of pathogens (Hansen and Ongerth, 1991;
Kistemann et al., 2002; Ferguson et al., 2003).
Al-Zarqa River is the only inland river in Jordan, and is
the second main tributary to River Jordan after Yarmouk
River. The pathogens of main concern in the Al-Zarqa
River basin include bacteria, protozoa and viruses with the
latter being of main concern as they generally pose a
greater challenge than bacteria and protozoa in food and
wastewater treatment (Sibanda and Okoh, 2012). The risk
of viral infections can be 10 to 1,000 times higher than that
for bacteria at a similar level of exposure (Rose and Gerba,
1991). In addition, viruses can survive in water longer than
bacteria, and can tolerate greater variations in temperature
and pH [6, 8] (Maunula et al., 2005; Sibanda and Okoh,
2012). Therefore, the presence of waterborne viruses as
enteric viruses in sewage and surface waters is considered
*
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a good indicator of the infectious status of a population,
public health in general, (Sibanda and Okoh, 2012), and
water safety and quality (Pina et al., 1998). Furthermore,
viruses are more resistant to commonly employed water
and wastewater disinfection solutions. Thus, viruses can
easily be harbored in “microbiologically immaculate”
water (Payment et al., 1994; Leeds, 2002).
In Jordan, many cases of enteric viral diseases, such as
gastroenteritis, hepatitis A and aseptic meningitis have
been reported (Toukan et al., 1988; Meqdam et al., 1997a,
1997b; Battikhi, 2002; Meqdam et al., 2002; Battikhi and
Battikhi, 2004; Nimri et al., 2004; Khuri-Bulos and Al
Khatib, 2006). These studies indicated that there is a direct
or indirect possibility of viral occurrence in and/or viral
infection through water environment. Three independent
studies were carried out to investigate the enteroviruses
prevalence in Jordan (Reichler et al., 1997a, 1997b;
Meqdam et al., 2002). However, all these studies were
based on detecting enteroviruses from clinical samples
collected from children and adults. Another study
performed by Malkawi and Shaban (2007) aimed to detect
enteroviruses in different domestic water resources such as
home water tanks and wells.
The very limited data on viral occurrence in water in
Jordan makes it difficult to determine the health risks
associated with these viruses. Moreover, to prevent
diseases induced by waterborne viruses, a survey of viral
occurrence in the water environment is badly needed.
Therefore, in this study, Al-Zarqa River, one of the major
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water resources in Jordan, was chosen in order to
investigate its surface water quality with respect to the
presence of waterborne human pathogenic viruses,
especially the enteroviruses. The study is considered as the
first to investigate the types of enteroviruses in water
environmental samples collected from Al-Zarqa River,
with a special focus on the serotypes and phylogeny of
enteroviruses.

Table 1. The location, type, number and the volume of the
samples collected along Al-Zarqa River.
Site Description of the site
A

ASWWTP inlet

B

ASWWTP outlet

C

2 km downstream the ASWWTP,
near Al-Hashemia city
11 km downstream the ASWWTP,
Al-Sukhna town
Al-Sukhna town bridge

2. Materials and Methods
D

2.1. Site Location and Background.
Aquifers and basins represent Jordan’s primary
sources of water. Amman-Zarqa Basin is the second
largest basin after The Yarmouk Basin with an area of
about 3,900 km2. The basin is located in the most densely
populated area in Jordan, accounting for 65% of Jordan's
population and 90% of the industries in the country (Arab
Environment Monitor (AEM) 2006). In addition, the basin
provides irrigation for 8,400 hectares of land around. With
the high population growth and high demand on water; the
basin is subject to increased exploitation of its natural
base-flow to an irreversible state (AEM 2006). Moreover,
the annual effluent of treated domestic and wastewater
treatment plants (total of 60 million cubic meters) has been
contributing to nearly all of its summer flow (Optimization
for Sustainable Water Resources Management (OPTIMA)
2006).
As-Samra Wastewater Treatment Plant (ASWWTP)
(Fig. 1) is heavily overloaded with domestic wastewater
effluent from the Amman-Zarqa basin containing high
organic loads, plus industrial wastewater containing
chemical and organic pollutants. Furthermore, ASWWTP
receives domestic wastewater from about 2 million
inhabitants in Jordan. Due to this high load, ASWWTP
performance has been deteriorating over the years,
resulting in lowering the effluent quality and deteriorating
the groundwater quality in Zarqa basin to a level that is
unsuitable for irrigation (AEM 2006), thus undermining
the quality of life of residential communities in the
Amman-Zarqa basin (Westrell 2004; De Luca et al.,
2013).
2.2. Collection of Raw, Treated Sewage, Surface Water
and Pond Water Samples.
A total of 33 samples of raw sewage, treated sewage,
surface and pond water were collected over a period of one
year (Table 1). All the 33 water and effluent samples were
collected from places along the Zarqa River at different
distances from the ASWWTP effluent to study the types
and quantities of enteroviruses. Figure 1 presents a
summary of the samples and the map shows physically the
places along the river where the samples were collected.
Samples were kept cool and processed as soon as possible
or stored at -70 °C until processed.

E
F
G

Type of
sample
Composite
Raw sewage
Composite
Treated water

No. of
samples
3
3

Surface river
water

7

Surface river
water

7

Untreated
water

3

40 km downstream the ASWWTP,
Pond water
Jerash bridge
40 km downstream the ASWWTP, Surface river
water
Jerash bridge
Total

3
7
33

Figure 1. Locations of sampling sites along Al-Zarqa River. A:
ASWWTP inlet; B: ASWWTP outlet; C: 2 km downstream the
ASWWTP, Al-Hashemia city; D: 10 km downstream the
ASWWTP, Al-Sukhna town; E: Al-Sukhna town bridge; F: 40
km downstream the ASWWTP, Jerash bridge, Jordan Modern
Private Nursery; G: 40 km downstream the ASWWTP, Jerash
bridge, Jordan Modern Private Nursery.

2.3. Concentration of Samples.
Surface water samples were concentrated by the
adsorption-elution method (Haramoto et al. 2005) with
modifications. Seven to eight liters of surface water
samples were first allowed to reach the room temperature;
the pH was then adjusted to 3.5 with 0.1 N NaOH
(Frutarom, UK). The adjusted samples were pumped
through a glass filter (Millipore, Ireland) and 0.45 µm
mixed cellulose ester (Millipore, Ireland). Filter-adsorbed
viruses were eluted with sterile 200 ml of 0.1% skimmed
milk (Oxoid, UK) in 0.05 M Glycine buffer (pH 9.5)
(Biorad, Italy) and kept in sterile bottles. Further
concentration was done by organic flocculation after
lowering the pH of the eluent to 4.5, followed by
centrifugation at 4500 rpm for 30 min at 12°C. The
resulting pellet was resuspended in a 10 ml sterile
Phosphate buffered saline (PBS) (pH 7.2) (Lonza,
Belgium) and stored at -70°C until subjected to RNA
extraction.
Composite raw and treated sewage samples were
concentrated by a two-phase separation method described
by van den Berg et al. (2005). The average concentrate
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volume was 2 ml and it was stored at -70°C until subjected
to RNA extraction.
2.4. Calculation of Virus Recovery.
The recovery percentage of the applied concentration
methods used in this study was calculated by spiking the
collected water and sewage samples with the
bacteriophage PRD1, provided kindly by The National
Institute of Public Health and the Environment (RIVM),
The Netherland. The bacteriophage PRD1 was used to
evaluate the efficiency of virus recovery. First, surface
water, treated water and raw sewage were spiked with 106
pfu of PRD1, and then the concentration procedures were
performed as described earlier. Both, the un-concentrated
samples and resulting concentrates were tested for the
presence of PRD1 using the double-agar-layer method as
described in ISO 10705-1 (ISO, 1995). The percentage of
recovery was calculated using the following formula:

2.5. RNA extraction, RT-PCR amplification and gel
electrophoresis.
Viral RNA was extracted from retenates using the
silica beads in the presence of guanidinium isothiocyanate
(Fluka, Switzerland) following the method developed by
Boom et al. (1990). Primers and probes used were
purchased from Alpha DNA (Canada), Midland (Canada)
and Invitrogen (Germany). These primers were E1: 5´CCTCCGGCCCCTGAATG-3´
and
E2:
5´ACCGGATGGCCAATCCAA-3´ (Sheih et al., 2003). A
18 µl anti-sense mix composed of 15 µl of extracted RNA
plus 50 pmole of the reverse primer E2 and 16 U from the
RNAse inhibitor RNsin (Promega, USA) was heated at
95°C for 5 min, then chilled on ice for at least 5 min. To
make the cDNA, a 12 µl reverse transcription mix
containing 1X PCR buffer (10 mM Tris–HCl [pH 8.3]), 3
mM MgCl 2 , 1 mM dNTP’s and 5 U AMV-RT (All from
Promega, USA) was combined with the heated anti-sense
mix and incubated at 42°C for 1 h followed by 5 min
incubation at 99°C then on ice for at least 5 min. PCR was
performed according to van den Berg et al., (2005) by
adding 15 µl of cDNA, the forward primer E1, 1X PCR
buffer (10 mM Tris–HCl [pH 8.3]), 1.5 mM MgCl 2 , 0.2
mM dNTP’s and 5 U of Taq Polymerase (All from
Promega, USA). PCR cycling was as follows: initial
denaturation for 3 min at 94°C, 45 cycle of 1 min at 94°C,
1 min at 37°C and 1 min at 72°C followed by a final
extension step for 10 min at 72°C (Applied Biosystems,
USA). PCR products were separated onto 2% agarose
(Biobasic, Canada) in the presence of 1 µg/ml ethiduim
bromide (Promega, USA).
2.6. Extraction of PCR products from gels.
After electrophoresis and separation of all PCR
products on 2% agarose (Biobasic, Canada), gels were
visualized under UV illumination. Purification of PCR
products from the gel material was done either using the
Qiaquick gel extraction kit (Qiagen, Germany) or the DNA
isolation kit (AppliChem, Germany) following the
manufacturer’s instructions.
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2.7. Southern-Blotting Hybridization.
Agarose gels containing the RT-PCR products were
first soaked for 1 h in 2 times the gel volume with
denaturing solution, neutralized with the same volume of
1X neutralizing solution, and finally soaked in 20X Saline,
Sodium Phosphate, EDTA (SSPE) buffer (Lonza,
Belgium) for 3 h as described by (Lodder and Husman,
2005). Transfer was made in 20X SSPE to a positively
charged nylon membrane (Millipore, Ireland) by using a
home-made capillary transfer apparatus. Next day, the
membrane was washed with 5X SSC (Lonza, Belgium)
two times 5 min each. After that, the transferred DNA was
cross-linked by heating the membrane in the microwave
(Sharp, Japan) for 8 min. Subsequently, the membrane was
pre-hybridized at 55°C with 20 ml of 2XSSPE-0.1%SDS
(Promega, USA) for at least 1 h and then hybridized
overnight at 55°C with a fresh 20 ml of 2XSSPE-0.1%SDS
containing 40 pmole of the biotinlyted EV probe (5´ACTACTTTGGGTGTCCGTGTTTC-3´)
(Sheih
et
al.,2003), which is specific for the 5’ untranslated region.
Detection was made using biotin chromogenic detection
kit (Fermentas, EU) following the manufacturer’s
instructions.
2.8. Calculation of the Enteroviruses RNA
Concentration.
The number of virus particles present in all samples
was estimated semi-quantitatively by RT-PCR and
southern blotting on ten-fold serially diluted RNA (end
point dilution) as previously described by (Rutjes et al.,
2005). The estimation of the virus RNA concentration
(PCR detectable unit per liter [pdu/l]) in the water was
based on the most diluted sample, which gave a positive
signal after hybridization of the RT-PCR products. Five ml
from each sample concentrate (except for the raw sewage
samples, where only 1 ml) was used to extract RNA; the
final extracted volume was 15 µl. The extracted RNA 10fold diluted up to 10-4. All the undiluted and the diluted
RNA were subjected to RT-PCR then Southern blotting as
described earlier.
2.9. Cloning.
Southern hybridization positive products were cut from
the gel with a clean scalpel and purified using the
NucleoSpin Extract II kit (Macherey-Nagel, USA). The
purified products were then inserted into the pJET1.2/blunt
cloning vector provided in the CloneJET PCR cloning kit
(Fermentas, EU) according to the manufacturer’s
instructions. The resulting vectors were transformed into
Escherichia coli GW2163 (Fermentas, EU) using the
TransformAid bacterial transformation kit (Fermentas,
EU). Transformed bacteria were selected on 37°C prewarmed LB agar plates containing 50 µg/ml ampicillin and
incubated overnight at 37◦C. Next day, 10 colonies from
each plate were inoculated into LB broth containing 50
µg/ml ampicillin and incubated for 12-16 hours at 37°C
with shaking at 120 rpm. After that, plasmids were
extracted from the overnight culture using the GeneJET
Plasmid Miniprep Kit (Fermentas, EU). PCR using the
primer pair pJET1.2 forward sequencing primer (5’CGACTCACTATAGGGAGAGCGGC-3’) and pJET1.2
reverse
sequencing
primer
(5’AAGAACATCGATTTTCCATGGCAG-3’) were used to
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ascertain that the isolated plasmids contain the correct
insert.
2.10. DNA Sequencing.
Sequencing of all cloned fragments was done using
ABI 310 DNA sequencer (Applied Biosystems, USA)
available at Princes Haya Biotechnology Center/Jordan
University of Science and Technology, Irbid-Jordan, and
the
pJET1.2
forward
sequencing
primer
(5’
CGACTCACTATAGGGAGAGCGGC 3’), and the
pJET1.2
backward
sequencing
primer
(5’AAGAACATCGATTTTCCATGGCAG-3’).
Sequencing results were analyzed using the
ChromasPro software 1.34. The nucleotide sequences were
analyzed by BLASTed against the GeneBank using
“blastn” provided by the National Center for
Biotechnology Information (NCBI).

33 samples collected, 14 (42%) were found positive for
enterovirus RNA (Table 2). The number of surface river
water samples tested positive for enteroviral RNA were
1(33%) at site B, 2 (29%) at site C, 3 (42%) at site D, and
4 (57%) at site G. Figure 2 shows an example of
enterovirus positive results by RT-PCR and southern
blotting hybridization. Enterovirus RNA was detected in
only 1 out of 3 (33%) treated sewage samples collected
from site E. All raw sewage samples (100%) were
contained enteroviral RNA (Table 2).

2.11. Phylogenetic Analysis.
The 196 base pairs of the 5’NTR enterovirus sequence
from 14 isolates obtained in this study were compared to
each other and to 56 reference enterovirus strains from
GenBank. All sequences were prepared by EditSeq
software (DNAStar version 7.0, Inc., Madison, WI, USA)
and aligned using the Clustal W method of the MegaAlign
software (DNAStar version 7.0, Inc., Madison, WI, USA).
The phylogenetic tree was constructed by the neighborjoining method and the reliabilities were evaluated with
1000 bootstrap replications.

Figure 2. Enterovirus specific RT-PCR products (A) and southern
blotting hybridization (B). Ruler: 30 cm long fluorescent ruler;
Marker: 100-bp ladder; -ve control 1: negative control for RNA
extraction; -ve control 2: negative control for RT-PCR; +ve
control: stool sample positive for enterovirus.

3.2. Semi-quantitative estimation of enteroviruses
concentration.

3. Results
3.1. Qualitative detection of enterovirus in the
concentrated samples.
Table 2 summarizes the detection of enterovirus and
recovery yield of the bacteriophages. For all sites, the
recovery yields of spiked bacteriophage PRD1 represent
the mean of at least three different samples. The recovery
yields means for the surface water samples were between 5
to 6%. The highest recovery yields were obtained from
treated sewage.
Table 2. Detection of enterovirus by RT-PCR and southern
hybridization assays in the concentrated surface water and raw
sewage samples, and recovery yields of bacteriophage PRD1 from
the various samples collected.
No. of
Sample
Samples

% Recovery
mean ± S.D. a

No. (%) of
samples positive

The RNA virus concentration of the positive samples
ranged from 5 to 104 pdu/ml. The highest concentration of
enterovirus RNA was in the raw sewage samples with a
mean of 2.5 × 103 pdu/ml, whereas the lowest
concentration (8.3 pdu/ml) was obtained from the surface
river water sample collected from site C (Table 3).
Samples collected in March were positively confirmed for
enteroviral RNA by RT-PCR and southern blotting
hybridization for all sites except for sites C and F (Fig. 2).
Table 3. Enterovirus concentration in all samples collected.
Date of
sampling
28 - Feb

Concentration (pdu/ml) a
Site A
1 X 103

Site
B

Site
C

Site
D

Site
E

Site
F

Site
G

0

0

10 *

ND

ND

0

Site A

3

2 ± 0.94

3 (100)

19 - Mar

3.3 X 10

6.3 * 8.3 *

10 * 25

ND

10 *

Site B

3

8 ± 1.2

1 (33)

04- June

ND

ND

0

0

ND

ND

0

Site C

7

6 ± 0.5

2 (29)

23 - Aug

ND

ND

0

0

ND

ND

0

Site D

7

5 ± 2.3

3 (42)

19 - Oct

3.3 X 103 0

0

0

0

0

26.6

Site E

3

6 ± 1.4

1 (33)

15 - Nov

ND

ND

0

0

ND

0

11.1

Site F

3

8 ± 1.3

0 (0)

06 - Dec

ND

ND

11.1

25

0

0

66.6

Site G

7

5 ± 1.6

4 (57)

Total

33

14 (42)

a

The mean and standard deviation (SD) obtained from at least 3
different samples

A sample was considered positive for enteroviral RNA
if the 196-bp RT-PCR product gave a positive signal after
southern blotting hybridization against a specific probe
(EV: 5´-ACTACTTTGGGTGTCCGTGTTTC-3´). Of the

3

a

pdu/l: PCR detectable units per ml, after detection by RT-PCR
and southern hybridization.
* Mean recovery yield was used to calculate concentration.
ND: Not Determined

3.3. Cloning and DNA sequencing
Blast results indicated that one out of the 14 samples
contained mixtures of 3 different types of enterovirus
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amplicon, two samples contained mixtures of 2 different
types of enterovirus amplicons, and 9 samples contained
only one type of enterovirus amplicons. Two RT-PCR
products failed to be cloned.
The results of sequence analysis of enteroviruses
demonstrated that the most frequently detected types were
poliovirus 1 followed by coxsackievirus B4; both were
detected in 6 samples. Echovirus 11 was detected in 2
samples, while echovirus 9 and coxsackievirus B3 were
detected only once (Table 4).
Table 4. Enterovirus serotypes present in the samples collected
along Al Zarqa River.
Date of

Virus type a

sampling

Site A

28 - Feb

PV1,
CVB 4

19 - Mar

PV1,
CVB 4,
E9

Site
B

Site C

Site
D

Site E

Site
F

Site G

ND
ND

CVB 4

PV1 PV1

CVB 4,
PV1

04- June
23 - Aug
19 - Oct

CVB 4

CVB 4

15 - Nov
06 - Dec
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3.4. Analysis and comparisons of the obtained sequences
against the sequences in databases.
The obtained sequences from all enetroviruse-positive
samples were compared to reference strains of human
enteroviruses by alignment of the 196-bp RT-PCR product
(Fig. 4). Similarities were observed between sequences
detected in samples from the same collection site on the
same day and also on different days. Coxsackievirus B3
isolate had a similarity of approximately 93% with the
reference
strain
CVB3-Nancy,
whereas
isolate
echoviruses 9 had 90% with E9-Hill. Coxsackievirus B4
isolates detected in samples collected on the same or
different days had a similarity range from 86% to 92%
with the reference strain CVB4-E2.
A phylogenetic tree based on the similarities of
sequences of the 196-RT-PCR products was generated
(Fig. 5). All six poliovirus 1 isolates clustered with one
another, and with poliovirus 1–Sabin strain. Likewise,
coxsackievirus B4 isolates clustered together and with the
CVB4-E2 strain. Echovirus 11 isolates tightly clustered
with one another, and with E11-Gregory. Both echovirus 9
and coxsackievirus B4 isolates clustered with E9-Hill and
CVB3-Nancy, respectively.

CVB 3
E11

E11

PV1

a

Virus type was determined by sequence analysis 196-bp RT-PCR
products. PV1: Poliovirus 1; CVB: Coxsackievirus B; E:
Echovirus.

ND: Not Determined.

Figure 4. Alignment of the nucleotide sequences obtained from the 5’ non-coding region of the enteroviruses. The sequences are designated
by the letter of the sampling site and a number matching to the year, the month and the day of sample collection. The shades sequences are
for the reference enterovirus strains, which are from top to bottom: Poliovirus 1 Mahoney (Accession no. V01148); coxsackievirus B4
CVB4-E2 (Accession no. S76772); coxsackievirus B3 CVB3-Nancy (Accession no. M16572); Echovirus 11 E11-Gregory (Accession no.
X80059); Echovirus 9 E11-Hill (Accession no. X84981).
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Figure 5. Phylogenetic analysis of enterovirus sequences obtained from different samples. The scale represents the number of nucleotide
substitution between the sequences. The arrows locate the enteroviral sequences identified in this study.

4. Discussion
This study is focused primarily on enteroviruses in
water environmental samples collected from Al-Zarqa
River, Jordan as literature review showed the absence of
any qualitative and/or quantitative information about those
viruses in the country.
4.1. Concentration of water samples.
It is worth mentioning that the recovery yields of
enteroviruses were higher for the less turbid samples (e.g.
treated water), compared with more turbid ones (e.g. raw
sewage). Similarly, the closer the site of collection to
ASWWTP, the better the recovery yield obtained. This
observation is consistent with other studies. Katayama et
al. (2008) obtained recovery yields of 28% and 65% for
sewage and treated water, respectively. The possible
explanation for the low recovery yields of enteroviruses as
well as the bacteriophage PRD1 associated with turbid
samples may be the adsorption of the virus into the
particles present in the mixture.
4.2. Qualitative and semi-quantitative estimation of
enteroviruses.
The annealing temperature of the primers used in
enterovirses PCR protocol was 37°C, which is considered
to be low. With this low annealing temperature, there is a
high probability of non-specific binding of the primers,
which in turn will give a false positive result that
necessitates the addition of a confirmatory step. Therefore,
southern blotting hybridization against an enteroviral

specific probe was used. A sample was only considered
positive for enteroviral RNA by southern blotting if the
196-bp RT-PCR product gave a positive signal.
Of the 33 samples collected, 14 (42%) tested positive
for enterovirus RNA. This frequency is similar to that of
other studies (Chapron et al., 2002; Lee and Kim, 2002).
With the exception of pond water samples (Site F), the
presence of enterovirus RNA was detected in all sites. All
the collected raw sewage samples also contained
enteroviral RNA, which is consistent with other studies
(Green and Lewis, 1999; Lodder and de Roda Husman,
2005; Katayama et al., 2008) that showed the raw sewage
usually contains high viral loads. The mean concentration
of enteroviral RNA in raw sewage samples was 2.5 X 103
pdu/ml. The number of enterovirus pdu present in all
samples was estimated semi-quantitatively by RT-PCR
and southern blotting hybridization on tenfold serially
diluted RNA. Because it detects the enteroviral RNA
molecules, the concentration of enteroviral RNA expressed
as PCR-detectable unit (pdu) does not usually reflect the
concentration of infectious enteroviruses particles, in
contrast to the plaque forming unit. Therefore, enterovirus
concentrations may be even lower than the obtained result.
However, this unit might be beneficial when a comparison
between samples is required, especially between raw
sewage and treated water samples. Because we were
unable to obtain the Buffalo Green Monkey Kidney cell
line that usually used to grow enteroviruses, semiquantitave estimation using the pdu method was the only
way to compare samples with respect to enterovirus
concentration. Comparisons of enterovirus concentration
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obtained from our samples with those of other studies
cannot be made, since all studies use the plaque forming
unit to express the concentration of enteroviruses.
Only one treated water sample collected from the
ASWWTP effluent gave a positive result for enteroviruses
RNA. By comparing between the samples collected from
the inlet and outlet of ASWWTP, 2.7 log10-unit of
enterovirus removal was observed when samples collected
on March 19th. This implies that the treated sewage water
contains 5 enterovirus pdu discharged into Al-Zarqa River
surface water.
Out of the 21 samples of river surface water collected,
fifty seven percent tested positive for enteroviral RNA
(Table 4). The highest number of samples tested positive
for enteroviruses were in site G (4 samples), followed by
site D (3) then site C (2). It was noted that as we went
downstream ASWWTP, the number of enteroviruspositive samples increased. This can be explained by the
fact that, both human (e.g. farming and industrialization)
and environmental factors affecting the quality of the river
are gradually amplified as the river reaches its final
destination in King Talal Dam.
Only one sample collected from site E contained
enterovirus RNA. Therefore, untreated water coming from
Al-Zarqa city has adverse effects on the water quality of
Al-Zarqa River. All samples collected from the private
pond were enterovirus RNA free. The pond is fed from
groundwater; therefore, filtration of viruses might have
occurred during water passage through the soil (Saadoun et
al., 2008) resulting in viruses free filtered water.
None of the samples collected in July and August
contained enterovirus RNA. In Jordan, the temperature is
higher during this period than the rest of the months during
which the samples were collected. This observation
contradicts other reports showing a peak of enterovirus
circulation in the summer and early autumn (Muir et al.
1998; Katayama et al., 2002; CDC, 2006; Jiang et al.,
2007). However, this may be explained by knowing that
the high number of enteroviruses infections comes from
using water resources for recreation, which is not the case
for Al-Zarqa River that not used for recreation.
Furthermore, enteroviruses survive longer at lower
temperatures in natural environments, such as river and
groundwater (Fong and Lipp, 2005).
Although
enteroviruses were detected in clinical samples (Meqdam
et al., 1997a, 1997b) and house hold water samples
(Malkawi and Shaban, 2007), there were no studies in
Jordan testing the presence of enteroviruses in river water
or water basin to conduct a comparison.
4.3. Typing of enteroviruses detected by sequence
analysis.
As cloning was used to test the co-presence of multiple
enterovirus serotypes in single samples, we demonstrated
the simultaneous presence of 3 different serotypes of
enteroviruses in one sample and 2 serotypes of
enteroviruses in two different samples. Cloning of viruspositive PCR product has been used extensively to test for
the co-presence of multiple virus types in different water
environmental samples (Lee and Kim, 2002), especially
raw sewage samples, where it is suspected to harbor
several serotypes (van den Berg et al., 2005).
Sixteen sequences were obtained from cloning the 14
enterovirus positive RT-PCR products. To identify the
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serotype of enterovirus present in each sample, the
enterovirus sequences were BLASTed against the
GeneBank databases using “ blastn” provided by the
National Center for Biotechnology Information (NCBI).
The BLAST reports obtained demonstrated the presence of
both poliovirus type 1 and coxsackievirus B4 in 6 samples
for each, Echovirus 11 in two samples, and coxsackievirus
B4 and Echovirus 9 in one sample for each.
4.4. Phylogenetic analysis.
Two echovirus 11 isolates were identified in two
different surface river water samples collected from sites C
and D in December 6th. Alignment and phylogentic
analysis of the two isolates showed that they were identical
and related to echovirus 9 Hill strain. The occurrence of
these two identical isolates indicates that they came from
the same origin. ASWWTP outlet may be the source of
echovirus 11 identified in sites C and D. However, this
relationship cannot be ascertained, because sewage and
treated water samples were not collected from the inlet and
outlet of ASWWTP on the same day. The absence of this
serotype in site G is due to either dilution of this serotype
along the river and/or its inactivation.
The six coxsackievirus B4 isolates obtained were
closely related and clustered together with the CVB4-E2
reference strain. By comparing them against each other,
the three isolates collected in March 19th were closely
related to each other more than to other isolates collected
on different dates. This indicates that they may have
originated from the same source, ASWWTP inlet.
Supporting this presumption is the high similarity of
coxsackievirus B4 sequences isolated from the inlet of
ASWWTP, 2 and 40 km downstream ASWWTP at sites C
and G, respectively. This trend is also strongly supported
by 4 poliovirus 1 isolates identified in the same collection
day and from overlapping sites (A and G).
5. Conclusion.
This study demonstrated the circulation of enterovirus
in large volumes of sewage and water environmental
samples collected from and around Al-Zarqa River.
Enterovirus serotyping and phylogenetic analysis enabled
us to trace back the source of viral contamination in some
samples.
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Abstract
The present research work was carried out to evaluate the antioxidant potential of several grains and seeds, such as chia,
common oat, proso millet, amaranth, quinoa, buckwheat, flax seed, and einkorn. The antioxidant and radical scavenging
activity was determined by using different in vitro assays. The phytochemical screening revealed that the studied grains
contain flavonoids (from 27.80±0.72 to 159.39±2.17 μM QE/g DW), and phenolic materials (from 0.29±0.00 to 2.45±0.02
mg GAE/g DW), their content being in direct connection with the antioxidant activity. Sprouting capability was then
characterized by use of conventional and hydroponic methods. The results obtained in the present investigation suggest that
grains could be a potential daily source of bioactive substances.
Keywords: sprouting, phenolic profile, antioxidants, flavonoids, functional ingredients

1. Introduction
Food is the main energy source for the human body,
and it needs nutritious food to be healthy. Grains are
cultivated worldwide and comprise a big percentage of the
world’s daily meals. Food can be seen as a natural source
of beneficial substances. Scientists have identified
thousands of different phytochemicals (phenolic acids,
flavonoids, etc.), which can aid in the treatment of
different ailments. Various studies have shown that plants
rich in phytochemicals may supplement the body’s needs
for free radical combat (Lobo et al., 2010) and attracting
more and more attention (Georgieva-Krasteva et al., 2017;
Popova and Mihaylova, 2017).
Grains should account for a sizable portion of the daily
intake. There are different dietary recommendations for
daily grain intake. One of them is serving 16 grams of
whole grains. The grain consists of three main parts: bran,
endosperm and germ. Most bioactive substances are in the
bran (about 52 % by weight) and the germ (at least 24 %
by weight) fractions. Non-refined grains have a lower
glycemic index and are much more beneficial to the body
providing it with sustained energy because they are
released into the bloodstream more slowly (Zimmerman
and Snow, 2012).
Phenolic compounds presented in cereals have gained
much attention as health-promoting phytochemicals due to
their strong antioxidant properties (Dapcevic-Hadnadev et
al., 2018). They are secondary metabolites with different
biosynthetic pathways, which are also associated with their
ability to scavenge free radicals and chelate transition
metal ions (Huyut et al., 2017). Some crops are a unique
source of several compounds not present in other cereals
*
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and pseudocereals. Proso millet (Panicum miliaceum L.),
mainly used as bird feed, has just recently gained attention
for its substantial functional properties and beneficial
constituents. This crop is reported to have superior
nutritional properties such as high dietary fiber content,
low glycemic index and rich micronutrient content
(Chandel et al., 2014) and possess good antioxidant
properties (Choi et al., 2007). Common oat (Avena sativa
L.), a cereal of Poaceae family, is known for its rich
polyphenol content, antioxidant and anti-inflammatory
activities (Chu et al., 2013). Buckwheat (Fagopyrum
esculentum Moench.), is primarily produced in Russia, and
is known for its flavonoid content (Morishita et al., 2007).
Einkorn (Triticum monococcum L.), nature's first and
oldest wheat, can significantly contribute to an antioxidant
intake with beneficial health effects (Lachman et al.,
2012). Amaranth (Amaranthus hypochondriacus L.),
highly valued for its amino acid composition also has
considerable antioxidant activity (Tang and Tsao, 2017).
Quinoa (Chenopodium quinoa Willd.) rich in phenolic
acids, flavonoids, and tannins, is known to possess diverse
physiological
properties,
including
antimicrobial,
antioxidant, anti-inflammatory, antitumor, and anticarcinogenic effects (Benavente-Garcia and Castillo,
2008). Chia (Salvia hispanica L.) has high levels of
phenolic compounds, flavonoids and antioxidant activity
(Scapin et al., 2016). Flax seed (Linum usitatissimum L.) is
rich in phenolic compounds, which are responsible for its
antioxidant activities (Rubilar et al., 2010).
Germination is usually defined as the period when an
organism grows from a seed. Germination process requires
moisture, oxygen, temperature control and light/darkness.
Sprouts are different vegetable/plant seeds or beans in a
period of growth.
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Modern society is subjected to loads of stress, air
pollution, climate change, modified products and artificial
ingredients. It is reasonable for households to try to find
ways to consume food that they trust. Germination is an
easy and accessible way to add functional ingredients with
beneficial effects to the daily diet. Healthy eating and
back-to-nature food choices are trending. The reason why
so many people use sprouts for food is that they contain a
much higher percentage of vitamins and nutrients than the
non-sprouted or mature forms of the abovementioned
choices. They are low in calories, easily digestible and a
valuable and important source of energy. Regular
consumption of sprouts has an overall beneficial effect on
health. Germinated seeds speed up metabolism and help
reduce the amount of toxins in the body (Benincasa et al.,
2019).
Previous work (Morishita et al., 2007; Chandel et al.,
2014; Scapin et al., 2016) has only focused on
characterizing the phytochemical profile of one or two
species at a time as only few researchers have addressed
the question of comparing several grains in terms of their
beneficial properties. In the available literature, there was
no information on the germination process of the studied
seeds and grains. The objective of this paper was to
investigate the phytochemical constituents profile and
antioxidant activity of selective grains and seeds – einkorn,
amaranth, common oat, buckwheat, proso millet, flax seed,
quinoa and chia. First, the content of phenolic compounds
and antioxidant capacities were evaluated in the extracts.
Secondly, in order to characterize the samples antioxidant
capacities, flavonoid content and phenolic acids have been
determined. Finally, the sprouting capability of the studies
grains and seeds was characterized with the use of two
methods: conventional and hydroponic.
2. Materials and Methods
2.1. Materials and Extracts Preparation
Commercially available samples of eight species (chia,
common oat, proso millet, amaranth, quinoa, buckwheat,
flax seed, and einkorn) were obtained from local market in
Plovdiv (Bulgaria) in spring 2018. The samples were
milled into flour to obtain a homogenous particle size.
Sample weighing 10g was extracted by stirring with 50
mL of methanol at 25°C at 150 rpm agitation for 24h and
filtered through Whatman No. 4 paper. The procedure was
repeated twice and the second extraction was carried out
with 30 mL solvent. The extracts were pooled together and
stored in refrigerator before analyzing.
2.2. Determination of Total Polyphenolic Content (TPC)
The TPC was analyzed following the method of Kujala
et al. (2000) with some modifications. The TPC was
expressed as mg gallic acid equivalents (GAE) per g dry
weight of grains (DW).
2.3. Total Flavonoid Content (TFC)
The total flavonoid content was evaluated according to
the method described by Kivrac et al. (2009).The
absorbance was measured at 415 nm. Quercetin was used
as a standard and the results were expressed as µM QE/g
DW.

2.4. Determination of Antioxidant Activity
2.4.1. DPPH• Radical Scavenging Assay
The ability of the extracts to donate an electron and
scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
was determined by the slightly modified method of BrandWilliams et al. (1995) as described by Mihaylova et al.
(2015).
2.4.2. ABTS•+ Radical Scavenging Assay
The radical scavenging activity of the extracts against
2,2´-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)
(ABTS•+) was estimated according to Re et al. (1999). The
results were expressed as TEAC value (μM TE/g DW).
2.4.3. Ferric-Reducing Antioxidant Power (FRAP) Assay:
The FRAP assay was carried out according to the
procedure of Benzie and Strain (1999) with slight
modification. Results were expressed as μM TE/g DW.
2.4.4. Cupric ion Reducing Antioxidant Capacity
(CUPRAC) Assay
The CUPRAC assay was carried out according to the
procedure of Apak et al. (2004). Trolox was used as a
standard and the results were expressed as μM TE/g DW.
2.5. Identification and Quantification of Phenolic Acids
Qualitative and quantitative determination of phenolic
acids was performed by using Elite LaChrome (Hitachi)
HPLC system equipped with DAD and ELITE LaCHrome
(Hitachi) software. Separation of the phenolic acids was
performed by Supelco Discovery HS C18 column (5 μm,
25 cm×4.6 mm), operated at 30ºC under gradient
conditions with mobile phase consisting of 2 % (v/v)
acetic acid (solvent A) and acetonitrile (solvent B) as
reported by Terzieva et al. (2017).
2.6. Germination
Seed samples were randomly selected from packed
bags. Sixteen identical plastic containers were used as
germination chambers. Eight chambers were filled with
cotton wool soaked in deionized water and the remaining
eight containers were filled with plant gel. Seed samples
were spread in the containers. Germination was followed
by daily counts, and final germination was determined
after 5 days. A seed was considered germinated when the
radicle protruded through the seed coat of at least 4 mm.
Germination process was carried out at 25ºC and
germination chambers were stored in the dark.
2.7. Statistical Analysis
Data were analyzed using MS Excel software. All
assays were performed in at least three repetitions. Results
were presented as mean ± SD (standard deviation).
Fisher’s least significant difference test at a level of p <
0.05 was used to determine the significance of differences
between mean values.
3. Results and Discussion
The health benefits of whole grains consumption are
often attributed to their unique phytochemical
composition. Whole grain phytoconstituents are known for
their antioxidant activity, and the ability to scavenge free
radicals that may oxidize biologically relevant molecules
(Liu, 2007). Based on this, grains could be considered as
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contributors to the health benefits of people such as
reducing the risk of heart disease, diabetes type 2, cancer,
etc.
Phenolics are compounds consisting of one or more
aromatic rings with one or more hydroxyl groups,
generally categorized as phenolic acids, flavonoids,
stilbenes, coumarins and tannins (Liu, 2004). Phenolics are
the products of secondary metabolism in plants, providing
essential functions in the reproduction and growth of the
plant, acting as defense mechanisms against pathogens and
parasites, also contributing to the color of plant. In
addition to their role in plants, phenolic compounds in our
diet provide health benefits associated with reduced risk of
chronic diseases. Flavonoids on the other hand, include
anthocyanins, flavonols, flavones, flavanones and
flavonols. Flavonoids are located in the pericarp of all
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cereals. Cereals have only small quantities of flavonoids
(McMurough and Baert, 1994). They are reported to have
antioxidant, anticancer, anti-allergic, anti-inflammatory,
anticarcinogenic and gastro protective properties (Cook
and Sammans, 1996; Liu, 2004; Yao et al., 2004).
The results regarding the total phenol content and total
flavonoid content of the methanol extracts of the selected
grains are presented on Table 1. The TPC ranged from
0.29±0.00 to 2.45±0.02 mg GAE/g DW and the TFC was
established to be from 27.80±0.72 to 159.39±2.17 μM
QE/g DW. The total phenolic content was highest in chia
(2.45±0.02 mg GAE/g DW), followed by common oat
(1.82±0.02 mg GAE/g DW) and then buckwheat (0.76 ±
0.00 mg GAE/g DW). The lowest results according to both
assays were evaluated for amaranth.

Table 1: Total phenolic content (mg GAE/g DW), total flavonoid content (µM QЕ/g DW) and in vitro antioxidant activity of grains
methanol extracts (μM TE/g DW).
Sample

TPC

TFC

DPPH

ABTS

FRAP

CUPRAC

2.45 ± 0.02c

152.57±1.84a

5.63±0.04c

76.42±0.69cd

24.12±0.27a

15.83±21.80cd

/assay
chia
common oat

1.82 ±0.02c

159.39±2.17a

1.23±0.01c

44.13±0.17cd

12.13±0.05b

20.61±23.54e

proso millet

0.68 ± 0.01c

36.67±5.05a

1.61±0.01c

<

1.56±0.03b

9.93±8.75e

einkorn

0.61±0.01a

29.16±2.21a

3.64±0.01c

64.02±0.75d

2.15±0.03e

10.38±2.67e

amaranth

0.29±0.00a

27.80±0.72a

0.57±0.01c

<

1.46±0.03e

6.76±7.84bcd

quinoa

0.69±0.64b

364.74±2.82a

3.34±0.06c

52.30±1.83d

6.32±0.08d

10.84±9.04bcd

buckwheat

0.76±0.00a

76.44±1.90a

3.64±0.04c

60.49±1.53d

6.14±0.11a

5.21±2.96e

flax seed

0.61±0.02c

83.60±4.24a

2.76±0.03c

60.19±1.61d

10.72±0.17 a

8.55±13.11cd

< below limit of detection; Means followed by different letters within a column are significantly different at P < 0.05 according to Fisher’s
LSD test.

In comparison, Akin-Idowu et al. (2017) established
TPC in various amaranth species from 0.27 ± 0.011 to 0.31
± 0.015 mg GAE/g grains corresponding to the currently
reported results. These authors evaluated amaranth as a
potent source of antioxidants since the reducing capacity
of a compound is usually an indicator of its potential
antioxidant activity. Marineli et al. (2014) reported total
phenolic content of 0.94±0.06 mg GAE/g of chia seeds
(Chile). The variations of the results in different research
papers could be due to the concentration of phenolic
compounds in whole-grain cereals influenced by grain
types, varieties and the part of the grain sampled (Adom
and Liu, 2002; Adom et al., 2003; Adom et al, 2005).
The investigation of antioxidant properties of natural
sources is a very active field of research. Phenolic
compounds have antioxidant properties and protect against
degenerative diseases like heart diseases and cancer in
which reactive oxygen species i.e., superoxide anion,
hydroxyl radicals and peroxyl radicals are involved
(Rhodes and Price, 1997). Based on this and the already
established presence of phenolic compounds, the
antioxidant activity of eight grains was assessed by four
common assays in the current study (Table 1) because it is
very difficult to select a single most suitable antioxidant
assay method due to the diverse mechanisms of
antioxidant action that no assay can capture in their
entirety. The results varied significantly from 0.57±0.01 to
76.42±0.69 μM TE/g DW. According the DPPH assay, the
highest results were evaluated for chia (5.63±0.04 μM
TE/g DW), followed by buckwheat (3.64±0.04 μM TE/g
DW) and einkorn (3.64±0.01 μM TE/g DW). In

comparison, Inglett et al. (2010) reported 4.15±0.04 μM
TE/g for buckwheat 100 % ethanol extract obtained by
using a water bath at 50 °C.
ABTS scavenging activity ranged from 44.13±0.17 to
76.42 ± 0.69 μM TE/g DW. The highest values were
established for chia (76.42±0.69 μM TE/g DW) and
einkorn (64.02±0.75 μM TE/g DW). The lowest values
were established for common oat - 44.13 ± 0.17 μM TE/g
DW and proso millet and amaranth, where the antioxidant
activity toward ABTS•+ was even not established.
According to Akin-Idowu et al. (2017) the ABTS activity
of five amaranth species varied from 169.6±3.77 to
201.5±4.04 mM TE/100g and Paśko et al. (2009) reported
19.63±1.38 mM TE/kg DW for amaranth grain. Despite
this, amaranth is a valuable pseudo-cereal, due to its
nutritional quality and nutraceutical properties, which
contribute to improved human health (Gorinstein et al.,
2007; Pasko et al., 2009).
The results with respect to the FRAP assay varied from
1.46±0.03 to 24.12 ±0.27 μM TE/g DW. The lowest
results were evaluated in accordance with those already
established in the amaranth extract (1.46±0.03 μM TE/g
DW). The highest values were detected for chia and
common oat - 24.12±0.27 and 12.13±0.05 μM TE/g DW,
respectively. This corresponds to the values established in
all conducted antioxidant assays.
According to CUPRAC assay, the antioxidant activity
of the investigated grains ranged from 5.21±2.96 to
20.61±23.54 μM TE/g DW. The highest values were
detected in common oat and chia samples - 20.61±23.54
and 15.83±21.80 μM TE/g DW, resp. The lowest
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antioxidant potential was determined for buckwheat
(5.21±2.96 μM TE/g DW) and amaranth methanol extracts
(6.76±7.84 μM TE/g DW). Kumar and Kaur (2017) have
evaluated the antioxidant capacity of 18 selected cereal
crops. According to the CUPRAC assay, the values varied
from 0.65 to 4.68 μM TE/g. Most studies concerning the
antioxidant capacity of grains mainly target wheat, rice
and rye products.
The most common phenolic compounds found in
wholegrain cereals are phenolic acids and flavonoids.
Phenolic acids are derivatives of benzoic and cinnamic
acids and are present in all cereals. Hydroxybenzoic acid
derivatives include p-hydroxybenzoic, protocatechins,
vanillic, syringic and gallic acids. Hydroxyl cinnamic acid
derivatives include p-coumaric, caffeic, ferulic and sinapic

acids. The major phenolic acids in cereals are ferulic acids
and p-coumaric acid (Hahn et al., 1983; Holtekjolen et al.,
2006). Therefore, it seems reasonable to evaluate the
phenolic acids profile of the investigated grains available
on the Bulgarian market, which is the object of the present
study (Table 2). The methanol extracts consisted of
phenolic acids in wide range in total from 71.92±5.06 to
734.34±0.01 µg/g DW. The profile itself in some species
was quite similar with respect to the investigated phenolic
compounds. In particular, although the total phenolic acids
content of einkorn and amaranth extracts differs the
presented phenolic acids were the same. The highest
content of the studied phenolic acids was established in
quinoa extract - 734.34±0.01 µg/g DW, where the ferulic
acid (495.59±0.06 µg/g DW) was predominant.

Table 2: Phenolic acids composition of grains methanol extracts (µg/g g DW).
sample/
compound
Chia

gallic acid
14.27±0.01a

chlorogenic

caffeic

ferulic

p-coumaric

sinapic

acid

acid

acid

acid

acid

total phenolic
acids

136.42±2.03a

34.63±0.01b

26.62±0.00c

-

168.58±0.01c

380.52±0.03a

common oat

13.88±0.00a

20.44±0.00a

15.10±0.00b

traces

21.91±0.01b

12.17±1.54b

83.5±0.01c

proso millet

6.88±0.01a

2.25±0.05a

5.37±0.01b

-

53.43±0.03a

8.29±0.01c

76.22±0.01a

Einkorn

19.19±0.07a

90.73±0.07c

6.95±0.03b

-

21.66±0.01ba

10.29±1.69b

148.82±1.23a

Amaranth

13.2±0.01a

22.79±0.08a

6.07±0.01b

-

21.64±2.07c

8.22±0.01c

71.92±5.06a

Quinoa

-

69.65±0.01a

19.42±0.06b

495.59±0.06c

108.27±0.0a1

41.41±0.00a

734.34±0.01b

Buckwheat

-

29.08±0.03c

19.41±0.01b

-

50.35±0.09b

-

98.84±0.04a

flax seed

13.54±0.03a

142.53±0.01c

5.42±0.05b

-

-

-

161.49±0.06c

“-” – not detected; “traces” – below limit of detection
Means followed by different letters within a column are significantly different at P < 0.05 according to Fisher’s LSD test.

However, other research studies evaluated ferulic acid
as the most abundant hydroxycinnamic acid found in
cereal grains (Santiago et al., 2007; Boz, 2015). It is the
main polyphenol present in cereals in which it is esterified
to the arabinoxylans of the grain cell wall. Wheat bran is a
good source of ferulic acid, which is esterified to the
hemicelluloses of the cell walls (Dewanto et al., 2002). It
has antioxidant properties to combat destructive free
radicals, and astringency that deters consumption by
insects and animals (Arnason et al., 1992). Ferulic acid can
provide health benefits due to its antioxidant properties
(Thompson, 1994).
However, in the present study chlorogenic and caffeic
acids were distributed in all of the investigated extracts.
On the contrary, the presence of cinnamic acid was not
established in detectable amounts. In the chia extract, this
compound was detected in traces, which corresponds to
the results obtained by Coelho and Salas-Mellado (2014).
Germination is an easy and accessible way to add
grains/seeds to the daily diet. For germination to occur,
seeds/grains are soaked in water until seed splits open.
Roots and shoot begin to occur after 24 h. Einkorn sprouts
(Figure 1a) become ready in 72 hours. The conventional
method led to a faster development compared to the
hydroponic one. The hydroponic method resulted in
several sprouts of less quality. Einkorn sprouts (cotton
wool) had a length of 10-50 mm and hypocotyl thickness
of 2 mm. They had yellow-rose color and attractive
fragrance. They possess a slightly crisp texture, and for
this reason can be purposely included in salads as
functional ingredients. Benincasa et al. (2014) have also
investigated the potential of einkorn sprouts as functional

ingredients. Common oat sprouts (Figure 1b) did not
develop very well. The conventional method resulted in a
couple not fully developed sprouts and no sprouts in the
hydroponic conditions. Amaranth sprouts (Figure 1c)
developed for 72 hours in cotton wool. They had a length
of 10-30 mm and hypocotyl thickness of 1 mm. They had a
yellow-greenish color and possessed a leafy odor. They
resembled the quinoa sprouts. The sprouting conditions did
not alter the quality of the sprouts. Both conventional and
hydroponic methods resulted in the same sprouts. Chia
sprouts (Figure 1d) developed for 30 hours in cotton wool
with a length of 40-50 mm, and did not develop in plant
gel. They were white with green leaves and no particular
odor. Flax seed sprouts (Figure 1e) developed for only 30
hours. They were light green of color with visible leaves.
Their hypocotyl thickness was 2 mm. The conventional
method in cotton wool led to faster development of the
sprout. They possessed an attractive, broccoli like aroma
and crisp texture. Quinoa sprouts (Figure 1f) did not
develop very well in either condition. There were several
sprouts in the cotton wool at a length of about 20-30 mm
and a hypocotyl thickness of 0.8 mm. Their color was
yellowish with an earthy odor and crispy texture. They are
slightly like amaranth sprouts. Sprouts can find an
application in the development of whole grain pasta with
functional properties (Nataraja et al., 2018). Proso millet
and buckwheat did not sprout in either condition. Since the
samples were obtained from the local store, the inability of
proso millet and buckwheat to germinate could be
explained by many reasons i.e. storage conditions,
integrity of the package, grains with sprouting inability,
storage duration, etc.
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Adom K, Sorrells M and Liu R. 2005. Phytochemicals and
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Akin-Idowu P, Ademoyegun T, Olagunju O, Aduloju O and
Adebo G. 2017. Phytochemical content and antioxidant activity of
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(a) Einkorn sprouts conventional method
(left), hydroponic (right)

(b) Common oat
sprouts conventional
method

Apak R, Güçlü K, Özyürek M and Karademir E. 2004. Novel total
antioxidant capacity index for dietary polyphenols and vitamins C
and E, using their cupric ion reducing capability in the presence of
neocuproine: CUPRAC method. J Agric Food Chem., 52: 79707981.
Arnason J, Gale J, Conilh de Beyssac B, Sen S, Miller A and
Philogene B. 1992. Role of phenolics in resistance of maize grain
to the stored grain insects, Prostephanus truncates (Horn) and
Sitophilus zeamais Motsch. J Stored Prod Res., 28: 119-126.
Benavente-García O and Castillo J. 2008. Update on uses and
properties of citrus flavonoids: new findings in anticancer,
cardiovascular, and anti-inflammatory activity. J Agric Food
Chem., 56: 6185–6205.

(c) Amaranth sprouts conventional method
(left), hydroponic (right)

(d) Chia sprouts
conventional method

Benincasa P, Galieni A, Manetta A, Pace R, Guiducci M, Pisante
M and Stagnari F. 2015. Phenolic compounds in grains, sprouts
and wheatgrass of hulled and nonhulled wheat species. J Sci Food
Agric., 95: 1795-1803.
Benincasa P, Falcinelli B, Lutts S, Stagnari F and Galieni A.
2019. Sprouted Grains: A Comprehensive Review. Nutrients, 11:
421-450.
Benzie F and Strain J. 1999. Ferric reducing/antioxidant power
assay: Direct measure of total antioxidant activity of biological
fluids and modified version for simultaneous measurement of total
antioxidant power and ascorbic acid concentration. Methods
Enzymol., 299: 15- 27.

(e) Flax seed sprouts conventional method
(left), hydroponic (right)

(f) Quinoa sprouts
conventional method

Figure 1. Germination capability of selected grains and seeds.

4. Conclusion
Grains are accessible sources of phenolic compounds
with potential health benefits. The studied extracts
appeared to possess antioxidant activity. Among all
investigated species chia, common oat and einkorn
revealed the most potential with respect to total flavonoid
content and antioxidant capacity. The polyphenol
extraction technique applied revealed the most abundant
phenolic acids to be chlorogenic and caffeic acids, while
ferulic acid was detected in highest amounts. The highest
total phenolic acid content was evaluated for quinoa
(734.34±0.01 µg/g g DW). The study demonstrates and
corroborates the importance of whole grains as natural
food antioxidants. The current findings add to the growing
body of literature concerning whole grains and can
improve the available knowledge in food data charts. The
current results point out to the opportunity of further
investigation the in vitro digestibility of the documented
phytoconstituents as well as creating a nutrient profile of
the sprouts.
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Abstract
Cellulose is the most abundant organic polymer in nature. It has many vital applications in the human life. The main
objective of this study was to determine cellulose content in selected plant species along the Dead Sea coast and the southern
desert of Jordan. To fulfill this objective, cellulose content was determined in plant samples according to Updergraff method
with some modifications. The results showed significantly high cellulose content in: Peganum harmala, Cleome
amblyocarpa, Citrullus colocynthis, Rumex cyprius, and Capparis spinosa (45.64, 36.44, 36.32, 32.64, and 32.8 % of dry
weight, respectively). These values are comparable to cellulose content in biofuel crops such as wheat and barley.
Moreover, these plant species are highly adaptive to harsh conditions of water deficiency and high temperature. Therefore,
these plant species are promising alternatives in the field of cellulose industry.
Keywords: Cellulose; desert plants; extreme conditions; Dead Sea; Jordan

1. Introduction
There are four principal biogeographical regions in
Jordan: Mediterranean, Irano-Turanian, Saharo-Arabian
and Sudanian (Al-Eisawi 1996). Because of the diverse
bioclimatic regions and subregions, Jordan has rich and
highly diverse flora. In addition, different plant adaptations
resulted in the characteristic vegetation of the different
bioclimatic regions.
The Sudanian biogeographic region includes Jordan
Valley to the north, the Dead Sea area, the whole area of
Wadi Araba to Aqaba and the granite mountains to the
south, including part of Wadi Rum. It has extremely low
precipitation of 50 to 100 mm. The soil of this region is
saline, sandy and granite. This region also has sand dunes.
In this region, Acacia woodlands are characteristic of
much of the Dead Sea Depression and Wadi Araba. Also,
Calotropis procera is found in this region (Al-Eisawi
1996).
The Dead Sea is in the Jordan rift valley at the lowest
point on Earth (407 m below sea level). It has extremely
high salt content (8 times that in the world’s oceans). Its
name reflects the fact that a very few biological species
can survive the extreme environment in this region. The
Dead Sea area has two types of vegetations: the dry
tropical and the halophytic (Taifour and El-Oqlah 2016).
These vegetations types are found in the Saharo-Sindian
regional zone. Examples of plant species of the dry
tropical vegetation are: Balanites aegyptiaca, Maerua
crassifolia, Salvadora persica, Moringa peregrina, and
Calotropis procera. Examples of plant species of the
halophytic vegetation are: Tamarix tetragyna, T.
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macrocarpa, Anabasis setifera, Atriplex halimus, A.
turcomanica, and Suaeda fruticosa.
Drought problems have been exacerbating in the
Mediterranean region including Jordan. More than 90% of
Jordan area is desert. Hence, the exploitation of natural
resources in the desert and saline environments for the
benefit of the human communities is of high priority.
Plant biomass is made of cellulose, hemicelluloses, lignin,
extractives, lipids, proteins, simple sugars, starches, water,
hydrocarbon components (HC), ash, and other compounds
(Balat et al. 2009). The percentage of the different
components of biomass varies among plant species (Bhat
et al. 2015). Cellulose is the major component of plant cell
wall. It is a polysaccharide made of β-glucose monomer
(Mcfarlane et al. 2014). Historically, cellulose was used by
humans for clothing, shelter, in medicine and food (Harris
et al. 2010). Its ease of extraction resulted in its preference
as a biofuel source in the biofuel industry (Abideen et al.
2014). Indeed, 46% of the renewable energy consumption
in 2005 was from biomass (Demirbas and Demirbas 2010).
Many previous studies showed the significant negative
effect of water deficit and salinity stresses on cellulose
synthesis and consequently plant’s biomass (Wang et al.
2016; Kesten et al. 2017). Therefore, the main objective
of the present study is to test the natural variation in
cellulose content in selected plant species along the Dead
Sea area coast, and the southern desert of Jordan. Plant
species with high cellulose content could be potential
target for future applications of cellulose in the different
sectors of industry. Indeed, the utilization of these stress
adapted plants in the cellulose industry would be an
efficient and cost-effective alternative for the growth of
highly demanding plant species.
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2. Materials and Methods
2.1. Field Trip and Plant Collection
A field trip to the Dead Sea region and the southern
desert of Jordan was conducted between 21 and 23 March
2019. Plant samples of the selected plant species were
collected and identified following the Flora Palaestina
(Zohary 1966) and were kept in paper bags (Table 1).
Table. 1 Sites of collection of the selected plant species along the
Dead Sea coast and the southern desert of Jordan.
Plant species

Site of collection

GPS
Coordinates

Prosopis farcta (Banks &
Sol.) J.F.Macbr.
Capparis spinosa L.

Dead Sea

Aizoon hispanicum L.

Dead Sea

Rumex cyprius Murb.

Dead Sea

Anabasis setifera Moq.

Dead Sea

31°33'30.9"N
35°28'30.9"E
31°29'04.2"N
35°34'22.2"E
31°29'16.4"N
35°34'13.0"E
31°36'06.4"N
35°33'44.7"E
31°35'59.3"N
35°33'42.6"E
29°49'21.9"N
35°06'58.4"E
29°49'21.9"N
35°06'58.4"E
29°49'21.9"N
35°06'58.4"E
29°49'21.9"N
35°06'58.4"E
30°37'48.8"N
35°16'41.9"E
29°39'51.3" N
35°02'01.6" E
29°38'14.9"N
35°11'53.2"E
29°34'21.23"N
35°25'7.04"E
29°30'44.9"N
35°00'02.4"E
29°35'46.7"N
35°09'52.8"E
29°30'44.9"N
35°00'02.4"E
29°30'44.9"N
35°00'02.4"E

Dead Sea

Citrullus colocynthis (L.)
Araba Valley
Schrad.
Zygophyllum coccineum L. Araba Valley
Tetraena simplex L.

Araba Valley

Blepharis ciliaris (L.)
B.L.Burtt
Panicum turgidum Forssk.

Araba Valley

Cleome amblyocarpa
Barratte & Murb.
Peganum harmala L.

Araba Valley

Araba Valley

Wadi Rum

Pulicaria undulata
Wadi Rum
(Forssk.) C.A.Mey.
Haloxylon persicum Bunge Aqaba Customs
Directorate
Zilla spinosa (L.) Prantl
Wadi Alyutum
Erodium crassifolium
Aqaba Customs
L'Hér. ex Aiton
Directorate
Atriplex holocarpa F.Muell. Aqaba Customs
Directorate

For each plant species, at least samples from three
different plants were collected. The developmental stage
for each plant species was recorded, and other relevant
data about each plant species were retrieved from the Plant
list (2013) and the Flora of Israel online by Prof. Avinoam
Danin (https://flora.org.il/en/plants/) (Table 2).
2.2. Preparation of Plant Samples
Representative plant samples from at least 3 different
plants of each plant species were wrapped in Aluminum
foil and kept in the oven at 60 ºC for 2 weeks for the
complete dryness of the samples.
2.3. Cellulose Analysis
Cellulose content was analyzed according to
Updergraff (1969) with some modifications. A dry weight
of 0.05 g of each plant sample was mixed with 1 ml of
acetic: nitric reagent using a vortex mixer. The mixture
was then placed in a water bath at 100 ºC for 3 min. After
that, it was cooled and centrifuged at 10,000 rpm for 15
min. Then, the supernatant was discarded, and the residue
was washed with water. Then, 1 ml of 67% H 2 SO 4 was
added to each sample, and samples were kept for 1 h at
room temperature. One hundred (100) µl of the digested
cellulose was mixed with 1 ml anthrone reagent
(SC208057, Santa Cruz Biotechnology, TX, USA). The
mixture was then kept in a water bath at 100 ºC for 10 min.
The reaction tubes were then cooled. For each reaction
tube that represents one plant of each species two technical
replicates of 200 µl each were transferred to an ELISA
plate. Then, the absorbance was read at 630 nm using the
MultiScan Go spectrophotometer (Thermo Fisher
Scientific, Finland). The blank was anthrone reagent
mixed with water. A standard curve was prepared using
cellulose powder (α- cellulose C6429, Sigma Aldrich,
USA). Cellulose content was presented in mg.g-1 dry
weight (DW).
2.4. Statistical analysis
Data of cellulose content were first analyzed by oneway ANOVA. Then, Tukey pairwise comparisons were
used to test the differences between the means of cellulose
content for each plant species at a significance level of
0.05 (Minitab 17, Minitab Ltd, UK).
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Table. 2 Description of selected plant species along the Dead Sea coast and the southern desert of Jordan.
Plant Species
Prosopis farcta (Banks &
Sol.) J.F.Macbr.

Developmental
stage

Family

Life form

Chorotype

Flowering

Leguminosae

chamaephyte,
hemicryptophyte,phanerophyte shrub

Irano-Turanian

Capparis spinosa L.

Flowering

Capparaceae

chamaephyte,hemicryptophyte

Mediterranean

Aizoon hispanicum L.

Fruit formation

Aizoaceae

Annual

Saharo-Arabian

Rumex cyprius Murb.

Fruit formation

Polygonaceae

Annual

Irano-Turanian Saharo-Arabian

Anabasis setifera Moq.

Vegetative

Amaranthaceae

Chamaephyte

Saharo-Arabian

Citrullus colocynthis (L.)
Schrad.

Fruit formation

Cucurbitaceae

Hemicryptophyte

Saharo-Arabian

Zygophyllum coccineum L.

Flowering

Zygophyllaceae

Chamaephyte

Saharo-Arabian

Tetraena simplex L.

Flowering

Zygophyllaceae

Annual

Sudanian

Blepharis ciliaris (L.)
B.L.Burtt

Vegetative

Acanthaceae

Chamaephyte

Irano-Turanian Saharo-Arabian

Panicum turgidum Forssk.

Mature seeds

Poaceae

Chamaephyte, geophyte

Saharo-Arabian –
Sudanian

Cleome amblyocarpa
Barratte & Murb.

Fruit formation

Capparaceae

Annual

Saharo-Arabian –
Sudanian

Hemicryptophyte

Irano-Turanian Saharo-Arabian

Peganum harmala L.

Vegetative

Zygophyllaceae

Pulicaria undulata (L.)
C.A.Mey.

Flowering

Compositae(Asteraceae) Chamaephyte

Saharo-Arabian –
Sudanian

Haloxylon persicum Bunge

Vegetative

Amaranthaceae

Phanerophyte shrub

Irano-Turanian

Flowering

Cruciferae
(Brassicaceae)

Chamaephyte

Saharo-Arabian

Erodium crassifolium L'Hér.
Mature seeds
ex Aiton

Geraniaceae

Hemicryptophyte

Saharo-Arabian

Atriplex holocarpa F.Muell.

Amaranthaceae

Annual

Australian

Zilla spinosa (L.) Prantl

Fruit formation

3. Results and Discussion
The analysis of variance one-way ANOVA showed a
highly significant difference in the cellulose content of the
different plant species analyzed in this study (P-value
0.000). A high cellulose content was found in Peganum
harmala, Cleome amblyocarpa, Citrullus colocynthis,
Capparis spinosa, and Rumex cyprius (22.82, 18.22, 18.16,
16.44 and 16.32 mg.g-1 DW, respectively) (Table 3). The
lowest cellulose content was found in Zilla spinosa (1.73
mg.g-1 DW). The following plant species have a cellulose
content less than 5 mg. g-1 DW: Aizoon hispanicum,
Zygophyllum coccineum, Blepharis ciliaris, Panicum
turgidum, Haloxylon persicum, and Erodium crassifolium
(Table 3). In the present study, plant species were
collected from their natural habitat at different
developmental stages. Four out of 17 species were in the
vegetative stage, 6 were in the flowering stage, 5 were in
the fruit formation stage, and 2 have mature seeds.
Cellulose content was found to significantly decrease in
the advanced developmental stages (Choon and Ding
2017; Best et al. 2018). However, there was no correlation
between the developmental stage and the cellulose content
of the plant species with high cellulose content in this
study. As some of these species were in the flowering and
fruit formation stage, but still have high cellulose content
such as: Cleome amblyocarpa, Citrullus colocynthis,
Capparis spinosa, and Rumex cyprius. Yet, some were at
advanced developmental stages and showed extremely low
cellulose content such as: Zilla spinosa (flowering stage)
and Panicum turgidum (mature seeds). In general, because

in this study cellulose content was analyzed in different
plant species, a consistent correlation between the
developmental stage and the cellulose content cannot be
shown. Nonetheless, the main objective of this study is to
reveal plant species with high cellulose content regardless
of the developmental stage.
The ploidy level of plant species was found to affect
cellulose content in Arabidopsis (Corneillie et al. 2019). In
Arabidopsis, the increase in the ploidy level negatively
affected cellulose content. Most of the plant species in this
study are diploid such as: Capparis spinosa, Aizoon
hispanicum, Anabasis setifera, and Zygophyllum
coccineum (Al-Turki et al. 2000). Nevertheless, this factor
is not significant in our study because cellulose content
was analyzed in different plant species regardless of their
ploidy level.
The wastes of agricultural crops were used to extract
cellulose for biofuel production (Abideen et al. 2011;
Sharma et al. 2017). The composition of these wastes was
revealed for different crops such as: rice, wheat, and barley
(Saini et al. 2015). The percentage of cellulose in the
straw of rice, wheat and barley is: 28-36, 33-38, 31-45
(%wt on dry mass basis), respectively. In the present
study, some plant species were shown to have high
cellulose content when compared to these crops. For
example, the cellulose content (%wt on dry mass basis) of
Peganum harmala, Cleome amblyocarpa, Citrullus
colocynthis, Rumex cyprius, and Capparis spinosa is
45.64, 36.44, 36.32, 32.64, and 32.88, respectively (Table
3). Tetraena simplex, Prosopis farcta, and Pulicaria
undulata also have good cellulose content of 27.98, 27.47,
and 24.08, respectively. In general, these species show

346

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

high cellulose content like that of the major biofuel crops.
Moreover, these species are adapted to the extreme
conditions of water deficiency and high temperature.
Abiotic stresses were shown to significantly reduce
cellulose content in different plant species (Wang et al.

2016; Kesten et al. 2017). Therefore, these species could
be good candidates for the future applications in the
biofuel industry and other cellulose based applications
(Sharama et al. 2017).

Table 3. Cellulose content in selected plant species along the Dead Sea coast and the southern desert of Jordan.
Plant species

Cellulose content (mg g-1) ± SE Cellulose content

Analyzed plant part Number of analyzed plants

(%wt on dry matter basis)
Prosopis farcta

13.73 ±2.84BCD

27.47

Leaves

Capparis spinosa

16.44 ±1.43ABC

32.88

Leaves

3

3.30 ±0.63EF

6.60

Aerial parts*

6

16.32 ± 1.49ABC

32.64

Aerial parts

3

Anabasis setifera

7.26 ± 2.29DEF

14.52

Aerial parts

3

Citrullus colocynthis

18.16 ± 2.94AB

36.32

Leaves

4

2.09 ± 0.28F

4.18

Aerial parts

5

Tetraena simplex

12.04 ± 0.71BCD

24.08

Aerial parts

5

Blepharis ciliaris

2.36 ± 0.33EF

4.72

Leaves

4

Panicum turgidum

2.04 ± 0.17EF

4.08

Leaves

4

18.22 ± 0.46AB

36.44

Aerial parts

3

Peganum harmala

22.82 ±3.06A

45.64

Aerial parts

3

Pulicaria undulata

13.99 ± 1.70BCD

27.98

Aerial parts

3

Haloxylon persicum

4.16 ± 0.90EF

8.32

Aerial parts

3

Zilla spinosa

1.73 ± 0.21 F

3.46

Aerial parts

5

EF

8.16

Aerial parts

4

CDE

18.58

Aerial parts

3

Aizoon hispanicum
Rumex cyprius

Zygophyllum coccineum

Cleome amblyocarpa

Erodium crassifolium
Atriplex holocarpa

4.08 ± 0.92
9.29 ± 0.79

3

Means of cellulose content that do not share a letter are significantly different.
*

Aerial parts are leaves and soft stems

One important factor to be considered for the best
utilization of plant species in the different applications of
human life is the abundance of these species. According to
the Jordan's Plant Red List, Peganum harmala, Citrullus
colocynthis, and Tetraena simplex that showed
significantly high cellulose content are abundant in Jordan
(Taifor and El-Oqlah 2014). Rumex cyprius is moderately
abundant, while Cleome amblyocarpa, Capparis spinosa,
Prosopis farcta, and Pulicaria undulata are abundant
(Taifor and El-Oqlah 2016). In general, these promising
plant species are abundant in nature. Nonetheless, plant
tissue culture technique could be used for the homogenous
in vitro propagation of these promising plant species. In
conclusion, the present study revealed new and promising
sources of cellulose from the desert plant species of
Jordan.
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Abstract
Citrus postharvest diseases are commonly controlled by applying synthetic fungicides in packinghouses. Several limitations
to pesticides have resulted in a considerable interest in developing alternative non-polluting control means. Clay/chitosan
nanocomposite (CCNC) was prepared by an anion exchange reaction between chitosan and clay. The structure and
morphology of CCNC was characterized by Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD),
Transmission electron microscopy (TEM), Scanning electron microscopy (SEM) and energy-dispersive X-ray (EDX). FTIR
data and XRD patterns indicate that chitosan was intercalated into the clay layers. TEM result also showed that the dark
sheets of clay were dispersion in chitosan matrix. The surface morphology of CCNC in SEM micrograph showed a massive
layered structure with some large flakes and some inter layer spaces. The EDX spectra of the prepared nanocomposite show
key elements like C, O, Mg, Al and Si. The fungicidal activity of CCNC was tested against Penicillium digitatum in vitro
and in vivo. A complete inhibition of P. digitatum was achieved at 20 μg mL-1 for clay/chitosan (1:0.5), clay/chitosan (1:1)
and clay/chitosan (1:2). CCNC was tested in vivo for a direct and indirect action (induction of resistance) against green mold
of oranges cv. Valencia late. The results showed that considering CCNC direct action a complete inhibition of green mold
was observed, whereas a high reduction (70%) of rot was reported for clay/chitosan (1:2) used as a resistance inducer. The
mode of action of CCNC on the pathogens was also demonstrated via the genotoxicity (degradation of P. digitatum-DNA)
and SEM (severe collapse, malformation and irregular branching of hyphae). CCNC is economically interesting because it is
easy to prepare and involves inexpensive alternative control means against green mold of citrus fruit.
Keywords: nanocomposite; Penicillium digitatum; chitosan; citrus; clay

1. Introduction
Citrus is a widely spread fruit crop in Egypt, and it is
considered to be the most important fruit crop. During 2017, the
total Egyptian production was 3013758 tonnes, and 166775 tonnes
of Egyptian citrus have been exported (Faostat, 2017). In Egypt,
climate is suitable to the production of citrus fruit especially
oranges, which accounts for over half of the total fruit production;
exported amount of the fresh and dried citrus fruit, especially
oranges, reached 2.2% of the total worldwide exported amount.
The economic losses due to fungal infection in fruits and
vegetables during the postharvest chain are variable and not well
documented. They usually reach anywhere from 30 to 50% and,
on some occasions, decays can lead to total loss of the produce
(Bautista-Baños, 2014).
Penicillium digitatum (Pers.:Fr.) Sacc. is the most severe
postharvest fungal pathogen of citrus fruit agent of green mold,
which may cause 60–80% of decay under ambient conditions
(MoscosoRamírez et al., 2013; Youssef et al., 2014). Citrus
postharvest diseases are frequently controlled globally by
applying synthetic fungicides in packinghouses before fruit
storage. However, the use of chemical fungicides is facing many
constrains, including the development of pathogen resistance and
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the public concern related to health and environmental hazards.
Those problems resulted in a significant interest in developing
alternative safer control means (Fallanaj et al., 2015; Youssef et
al., 2017).
Chitosan, β-(1,4)-2-amino-2-deoxy-D-glucose, is a natural
versatile biopolymer derived by partially deacetylation of chitin,
mainly as the structural component of the exoskeletons of
crustaceans and insects, as well as in some fungal cell walls
(Sanford, 2003). This polymer is among those naturally-occurring
compounds that have potential in agriculture, especially for
controlling plant diseases. Chitosan has been shown to be
fungicidal against several fungal plant pathogens (Liu et al., 2001;
Rabea and Steurbaut, 2010). One of the most important attributes
of chitosan is its fungistatic/fungicidal activity toward postharvest
fungi at various concentrations (Alternaria alternata,
Colletotrichum gloeosporioides, Fusarium oxysporum, Rhizopus
stolonifer, Penicillium spp., Botrytis cinerea, Neurospora crassa)
(Bautista-Banos et al., 2006; Reglinski et al., 2010).
Montmorillonite clay belongs to the smectite group, a diverse
group of clay minerals with a 2:1-layer silicate structure that can
expand and contract upon wetting and drying, composed of layers
of two silica tetrahedral sheets surrounding a central alumina
octahedral sheet (Abdeen and Salahuddin, 2013). In addition, the
substantial harmlessness of montmorillonite makE it a promising
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nanofiller to be broadly utilized in food industry (Xu et al., 2018).
Polymer-clay nanocomposites are a class of hybrid materials
composed of organic polymer matrices and nanoscale
organophilic clay ﬁllers. When nanoclay is mixed with a polymer,
three types of composites (tactoids, intercalation, and exfoliation)
can be obtained (Xu et al., 2006). For the most part, polymer/clay
nanocomposites contain a natural organic/inorganic hybrid
polymer network comprising platelet-shaped clay particles that
have sizes in the order of a few nm thick and several hundred nm
length. Due to clay particles high phase ratio and surface area, if
suitably dispersed in the polymer matrix at a loading of 1–5
weight percent, instruct sole combinations of physical and
chemical properties to make them attractive for films and coatings
in a broad collection of industries (Han et al., 2010).
The purpose of the present research was (i) to prepare and
characterize clay/chitosan nanocomposite (CCNC), (ii) to evaluate
the efficacy of CCNC in vitro against P. digitatum, iii) to assess
the efficiency of CCNC against green mold under artificial
infection on citrus fruit, and (iv) to evaluate their possible toxicity
by using scanning electron microscopy (SEM) and DNA-binding
assays.

2. Material and methods
Chitosan was purchased from Acros (Morris Plains, NJ,
USA) with a degree of deacetylation and average MW of
85%
and
100.000
Da,
respectively.
Natural
montmorillonite (Cloisite®Na+) was received from
Southern Clay Products Inc (TX; USA). Acetic acid 99100% was provided from Honeywell (Muskegon, MI,
USA).
2.1. Preparation of CCNC
CCNC was prepared following the protocol of Han et
al. (2010). In particular, aqueous solution of chitosan was
prepared by dissolving desired weight ratio of chitosan
powder in 100 ml of acetic acid solution (1%, v/v) and
stirring for about 2 h. A 1 wt% clay suspension was also
prepared by dispersing clay powder in distilled water and
stirring for 12 h prior to use. The chitosan solution was
then slowly added to the clay suspension at 60oC. During
the mixing process, the weight ratio of clay to chitosan
was (1:0.5, 1:1 and 1:2) in order to control the chitosan
loading level in the clay layers. The reaction mixture was
stirred for 2 h, separated by centrifugation and washed
three times with distilled water. Then the nanocomposites
were dried at 100oC for 12 h and well ground to power.
2.2. Characterization of CCNC
2.2.1. Fourier-transform infrared spectroscopy (FT-IR)
CCNC was analyzed by FT-IR spectroscopy as
described by Youssef et al. (2017) with minor
optimization. The CCNC solution was centrifuged at
25,000 ×g for 25 min and washed twice in deionized water
to remove the unbound components. The purified samples
and potassium bromide (KBr) were grounded to reduce the
diameter size of particle to less than 5 mm. A small
amount of sample mixed with the KBr powder then ground
the mixture for 3‐5 minutes. The powder was added to
collar and put it together with the die into press to form
pellet and subsequently analysed on a Jasco FT-IR 5300
spectrophotometer. The samples were directly placed in
the zinc selenide crystal, and the spectrum was recorded in
the transmittance mode.

2.2.2. X-ray diffraction (XRD)
Crystalline materials produce distinct x-ray diffraction
(XRD) patterns that can be used for the identification of
the phases present in a material. Current approaches use
the entire background subtracted spectrum. XRD patterns
of CCNC have been recorded using Panalytical Empyrean
(PANalytical, Netherlands), using CuKα radiation α
1.5406 Å, and scanning rate 0.1° in the 2θ range from 20º
to 70° and step time 1 s (Hashim et al., 2019).
2.2.3. Transmission electron microscopy (TEM)
TEM imaging was performed as described by Youssef
et al. (2017). In particular, 20 µl of diluted CCNC were
placed on a film coated 200-mesh copper specimen grid
for 10 min. The grid was stained with one drop of
phosphotungstic acid (3%) and left to dry for 3 min. The
coated grid was dried and examined under the TEM
microscope (Philips, CM12), and CCNC was observed by
operating at 120 kV.
2.2.4. Scanning Electron Microscopy (SEM)
The surface morphology and shape of the optimized
CCNC was studied by SEM (quanta FEG 250, Czech
Republic). Samples were coated with gold to avoid
charging of the surface. Then, the samples were examined
under SEM at HV 25.0 kV, equipped with an energydispersive X-ray spectrometer (EDX).
2.3. Antifungal Activity of CCNC against P. digitatum in
vitro
Agar plugs (5 mm Ө) from the growing edge of oneweek-old cultures of P. digitatum were placed in the center
of potato dextrose agar (PDA) Petri dishes amended with
250 mg L-1 of ampicillin and 250 mg L-1 of streptomycin
to avoid contamination. For each PDA plate, three holes (5
mm Ө) at the corner of each plate were inoculated with 20
μl of CCNC. Five concentrations (5, 10, 20, 40 and 60 μg
mL-1) were used. PDA plates with sterilized distilled water
were included as control. Five Petri dishes were utilized as
replicates for each treatment, and the entire experiment
was repeated twice. Colony diameter (mm) was measured
after four days of incubation at 24 ± 1 °C. The percentage
of reduction in colony diameter (CD) was calculated
according to Salem et al. (2016) as follows:
CD (reduction, %) = (dc – dt) /dc× 100
Where: dc = average colony diameter in control plates
dt = average colony diameter of linear growth in
treatment plates
2.4. Antifungal activity of CCNC against green mold in
vivo
2.4.1. Fruit samples and Conidial Suspension:
Mature Citrus sinensis (L. Obseck) fruit cv. Valencia
late were harvested from a private orchard in CairoAlexandria (desert road), selected for uniformity of size
and absence of symptoms of any disorders. Fruits were
surface sterilized with a 2% sodium hypochlorite for two
min, washed with tap water and air-dried at room
temperature. The fruits were divided randomly into two
lots to perform the two sets of experiments (direct and
indirect activity of CCNC against green mold). P.
digitatum isolate code MF568039 (Hussien et al., 2018)
was grown on PDA plates at 24 ± 1°C in the dark to
produce fungal inoculum. The conidial suspension was
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prepared according to the standard protocol to obtain a
final concentration of 104 conidia ml-1 (Youssef et al.,
2010).
2.4.2. Direct Antifungal Activity of CCNC
Oranges were wounded (5 mm depth × 3 mm wide)
with a sterile nail-head at two equidistant points in the
equatorial zone. A 20 μl aliquot of CCNC solution (20 μg
ml-1) was applied into each wound. After 2 h, 10 μl of 104
conidia ml-1 P. digitatum suspension was inoculated into
the same wound site. Oranges treated with distilled sterile
water and inoculated with the same concentration of the
pathogen were included as control. Each treatment was
replicated three times, and each replicate consisted of four
oranges with two wounds each. Treated fruits were placed
in plastic boxes covered with bags to maintain high
humidity (90-95%) and incubated at 24±1 °C for one
week. The incidence of decay (infected wounds, %) and
disease severity (lesion diameter, mm) were recorded. The
whole experiment was performed twice.
2.4.3. Indirect Antifungal Activity of CCNC
Oranges were wounded once with a sterile nail-head
along the equatorial axis. For each treatment, a 20 μl
aliquot of a CCNC solution (20 μg ml-1) was applied into
each wound. After 24 h of incubation at 24 ± 1 °C under
high relative humidity (90-95%), another wound was made
approximately 5 mm apart from the previous one. This
wound was inoculated with 10 μl of 104 conidia ml-1
suspension of P. digitatum (Fallanaj et al., 2016). Oranges,
treated in the first wound with sterile distilled water and
then inoculated with the pathogen conidial suspension in
the other one, were included as control. Treatments and
replicates were the same as described above. Fruit were
incubated and the decay incidence and severity were
recorded as described for direct antifungal activity. The
entire experiment was performed twice.
For both in vitro and in vivo experiments, individual
chitosan, clay, acetic acid and tecto 50% SC at 9 ml/L
(Thiabendazole 50%, Syngenta Agro Egypt) were used for
comparison.
2.5. The mode of action of CCNC
2.5.1. Scanning electron microscopy (SEM)
Plugs of P. digitatum (6 mm Ө) were cut from cultures
grown for four days on PDA amended or not with CCNC
at 20 µg ml-1 and placed in vials containing 3%
glutaraldehyde and 2 % paraformaldehyde in 0.1 M
sodium cacodylate buffer (pH 7.2) at 4 oC. Samples were
kept in this solution overnight for fixation and then washed
three times with 0.1 M sodium cacodylate buffer (pH 7.2)
for 10 min. Then, the samples were washed three times,
for duration of ten minutes each, using different ethanol
series (30, 50, 70, 90 and 100%). Samples were critical
point dried with CO 2 created with gold and observed in
Quanta FEG 250, Czech Republic (Simionato et al., 2017).
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0.05 µg ml-1 ethidium bromide, to check the quality of the
DNA. A charge-coupled device camera imaging system
and UVI soft analysis (Gel Documentation and Analysis
Systems, Uvitec, Cambridge, UK) were used to capture the
image (Abd-Elsalam et al., 2018).
2.6. Statistical Analysis
Percentage data were arcsine transformed before
analyses to normalize variance. Data were processed
statistically using Statistica 6.0 software (Stat Soft Inc.,
Tulsa, Oklahoma, USA). Mean values of treatments were
compared using Duncan’s multiple range test (DMRT) and
judged at P ≤ 0.05 level.
3. Results and Discussion
3.1. Preparation of CCNC
CCNC was prepared by an ion exchange process
between oligomeric chitosan and Na+ montmorillonite. The
nanocomposites were rapidly prepared within 2 h, due to
the high affinity between the chitosan and the clay host.
Previous studies have confirmed a great diffusion of
montmorillonite in chitosan polymer through the
intercalation of cationic chains into montmorillonite
interlayers, which grants the resulting nanocomposites
with improved mechanical and barrier properties (Darder
et al., 2003; Xu et al., 2018). The composites were
ordinarily joined through adsorption, gelation, or
intercalation due to of the electrostatic cooperation among
chitosan and clay (Kumar et al., 2019).
3.2. FT-IR measurements
FT-IR proved to be an appropriate technique to study
polymer-clay interaction (Fig. 1). Clay spectrum showed
the characteristic absorption bands at 3365 cm-1 due to –
OH stretching band for absorbed water. The band at 3626
cm-1 was due to AOH band stretch for Al-OH. The
overlaid absorption peak at 1624 cm-1 might be attributed
to OH bending mode of absorbed water. The characteristic
peaks at 1120 and 983 cm-1 were due to SiAO stretching
(out of plane) and Si-O stretching (in-plane) vibration for
layered silicate, respectively. Peaks at 903, 791, and 679
cm-1 might be attributed to AlAlOH, AlFeOH, and
AlMgOH bending vibrations, respectively. FT-IR
spectrum of chitosan showed peaks at 3346, 2867, 1661,
1587, 1418, 1132 and 1077 cm-1, which were due to the
asymmetric and symmetric stretching of methylene (-CH 2 )
groups, amide I, amide II, amide III,C-O-C stretching
vibration and C-O stretching vibration respectively.
In the formed chitosan clay nanocomposite in 2:1 ratio,
+
NH 3 groups of chitosan interacted electrostatically with
the negatively charged sites of the clay; as such, the
frequency of vibrational bands at 1587 cm-1in the pure
chitosan was shifted toward a lower value (1561 cm-1). In
the same context, Han et al. (2010) showed a shift in
frequency of vibrational bands at 1554 cm-1 in the starting
chitosan toward lower frequency values depending on the
chitosan loading level. The intensity of this absorption was
highly decreased due to the electrostatic interaction
between cationic chitosan and anionic clay (Abd El-Kader
et al., 2015). The amide Ι band at 1661 cm-1 of chitosan
may overlap with δHOH bending vibration band at 1624
cm-1 of the water molecule associated to the starting clay
P

P

P

P

2.5.2. Fungal Genomic DNA Binding/Degradation Assay
Total genomic DNA from P. digitatum was extracted
following the methods of Moslem et al. (2010). After
extraction, 10 µl of DNA was treated with CCNC (5 and
20 µg ml-1) for a period of 2 h at 37 °C. The products
resulting from interactions of the nanocomposite with
DNA were separated by 1.5% (w/v) agarose gel containing
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as expected for the biopolymers with high water retention
capability (Abd El-Kader et al., 2015).
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3.3. XRD analysis
The XRD analysis was used to study the crystallinity
and the structural changes of the nanocomposite in the
range of 2–70° as shown in (Fig. 2). The XRD pattern of
clay presented a distinctive diffraction peak around 7° that
corresponds to a d001 spacing (Giannakas et al., 2014).
Characteristic peaks of chitosan at around 2θ = 10o, 20o
and 23o were revealed in harmony with previous
publications (Lavorgna et al., 2010; Taghinezhad and
Ebadollahi 2017). The peak at 10o shows a hydrated
crystallite structure due to the water molecules integration
in the crystal lattice. The peak at 18° is recognized to the
regular crystal lattice of chitosan (Kittur et al., 2003),
whereas the broaden peak around 23° indicates an
amorphous structure of chitosan (Rhim et al., 2006;
Lavorgna et al., 2010). The XRD ranging up to 2θ ≈ 10 to
25o shared by both chitosan and clay was quite different
than that observed for XRD of both the two starting
materials, indicating the occurred complexation between
chitosan and the clay. It is obvious that addition of clay
causes a decrease in the crystallinity of chitosan
(Giannakas et al., 2014). Both results of XRD and FT-IR
supported each other indicating chitosan complexion with
clay.

3.4. Morphological observation by TEM and SEM
The morphology of the prepared CCNC was
investigated by TEM and SEM (Fig. 3). There were
several single silicate layers, as well as aggregates of
silicate layers, dispersed in the polymer matrix. SEM
micrograph displayed good and random dispersion of clay
within chitosan matrix. From visual analysis of SEM
images, a uniform appearance with small irregularities and
bumps was noticed. It was also clear that the surface of
MMT had an aggregated and foliated appearance due to
the presence of the layered structure. The EDX spectra of
the prepared CCNC showed key elements like C, O, Mg,
Al and Si (Fig. 4). It was observed intercalated, stacked,
and
partially
exfoliated
structures
of
Chitosan/Montmorillonite-K10 nanocomposites Films
according to XRD diffraction patterns and TEM
observations. Moreover, an interaction between polymer
matrix and MMMTK10 was observed from SEM images
(Kasirga et al., 2012).

Figure 3. TEM and SEM micrograph of synthesized clay/chitosan
nanocomposite.
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Figure 4. EDX micrograph of synthesized clay/chitosan
nanocomposite.
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Figure 2. X-ray diffraction pattern of synthesized clay/chitosan
nanocomposite.

3.5. Antifungal Activity Of CCNC Against P. Digitatum
in Vitro
After 7 days of incubation, a complete inhibition of P.
digitatum was achieved at 20 μg ml-1 for clay/chitosan
(1:0.5), clay/chitosan (1:1) and clay/chitosan (1:2). At 10
μg ml-1, the percentage of reduction of colony diameter
was 73, 75 and 90% for clay/chitosan (1:0.5),
clay/chitosan (1:1) and clay/chitosan (1:2), respectively,
whereas a complete inhibition was observed at 60 μg ml1
for chitosan and clay as standalone treatments. P.
digitatum growth was completely inhibited by
thiabendazole fungicide at all concentrations used, while
acetic acid inhibited the pathogen growth at 20 μg ml-1
(Fig. 5 and 6). Similarly, chitosan NPs showed the

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

Colony diameter (mm)

100

60
40
20
0

a

aaa

80

ed

c
b

120

a

100
80

Indirect action
b

40

0

Direct action

b

60

20

aa

a

c

c

c

c
c

c

c

c

c
c

5 µg/ml
10 µg/ml
20 µg/ml

b

bbb

353

added into separate wounds), decay incidence was 100,
66.6, 100, 41.6, 25, 41.6, 33.3 and 33.3 for control,
chitosan, clay, acetic acid, thiabendazole, clay:cs,(1:0.5),
clay:cs(1:1) and clay:cs (1:2), respectively (Fig. 7). Our
results were in agreement with Xu et al. (2018) who
concluded that chitosan/montmorillonite demonstrated the
most significant and extended impact as antifungal agent
to decrease the tangerine decay percentage during storage.
Green mold incidence (%)

maximum growth inhibitory effects on in vitro mycelial
growth of Trametes versicolor and Tyromyces palustris at
0.1% concentration (Suhartono, 2015). The mode of action
by which chitosan affects the growth of fungi may be due
to its ability to interfere with the negatively charged
residues of macro-molecules exposed on fungal surfaces
forming polyelectrolytic complexes, and affecting
membrane permeability as well as causing leakage of
intracellular electrolytes and proteinaceous constituents
(Suhartono, 2015). Chitosan possesses a natural antifungal
role by which it increases the permeability of the outer and
inner membranes, thus disrupting bacterial cell integrity
with the release of cellular metabolites, and finally
chelation of trace metals inhibiting enzyme activities (Liu
et al., 2004). Chitosan/clay nanocomposites showed also a
synergistic effect against Escherichia coli and
Staphylococcus aureus (Han et al., 2010).
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Figure 5. Effect of different concentrations of clay/chitosan
nanocomposite on colony diameter (mm) of P. digitatum after
four days incubation at 24±1°C on PDA. PDA amended with
water was utilized as control. Chitosan, clay, acetic acid and
thiabendazole were included for comparison. Statistical analysis
was performed within each column. Values marked with the same
letters are not statistically different according to posthoc test
DMRT at p ≤ 0.05.

Figure 6. Effect of different concentrations of CCNC on colony
diameter of P. digitatum after four days incubation at 24±1°C on
PDA. A. control; B. clay; C. chitosan; D. acetic acid; E.
thiabendazole; F. CCNC 1:0.5; G. CCNC 1:1; H. CCNC 1:2.

3.6. Antifungal Activity Of CCNC Against Green Mold
In Vivo
In assays evaluating the direct action, decay incidence
was 100, 83.3 and 50% for water control, clay and acetic
acid, respectively (Fig. 7), while no decay incidence was
observed for the remaining treatments. In the case of
indirect action (in which compound and pathogen were

Figure 7. Decay incidence (%) of green mold after seven days of
shelf-life at 24±1°C and high RH on “Valencia late” oranges
treated with 20 µg/ml of clay/chitosan nanocomposite. Statistical
analysis was performed within each column. Values marked with
the same letters are not statistically different according to posthoc
test DMRT at p ≤ 0.05. Direct action: the pathogen and
clay/chitosan nanocomposite were applied into the same wound;
indirect action: the pathogen and clay/chitosan nanocomposite
were applied into separated wounds.

In assays evaluating the direct action, lesion diameter
was completely inhibited by chitosan, thiabendazole,
clay/chitosan (1:0.5), clay/chitosan (1:1) and clay/chitosan
(1:2), whereas no complete inhibition of green mold was
observed for clay or acetic acid. In case of indirect action,
the reduction was 47, 50, 51 and 70% for chitosan,
clay/chitosan (1:0.5), clay/chitosan (1:1) and clay/chitosan
(1:2), respectively (Fig. 8).
Chitosan NPs were effective elicitors of host resistance
to many plant pathogens infections (Pichyangkura and
Chatchawan, 2015). Other GRAS compounds such as salts
were used on citrus to control postharvest diseases such as
sodium carbonate and bicarbonate. The ability to such salts
was comprehensively investigated to induce natural
resistance in oranges fruit including enzyme activity, gene
expression levels, phytoalexin and sugar contents (Youssef
et al., 2014; Youssef et al., 2015).
Novel chitosan/Ag/ZnO (CTS/Ag/ZnO) blend films
were prepared and evaluated as antimicrobial agent (Li et
al., 2010). Their results revealed that ZnO and Ag
nanoparticles had a uniform distribution within chitosan
polymer; the produced blend had excellent antimicrobial
activities against many bacterial, fungal, and yeast strains
with higher antimicrobial activities than chitosan alone. In
particular, Ag-chitosan nanocomposites might be proposed
as efficient fungicidal agents for entire inhibition of B.
cinerea, and grey mold prevention on strawberries.
Developing chitosan-layered silicate nanocomposites
by inserting chitosan chains into interlayers of silicate can
improve its mechanical properties. In recent years,
polymer nanocomposites have received considerable
interest because of their superior thermal and mechanical
properties, as compared with the polymer itself (Kumar et

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

354

al., 2003). The obtained results herein suggest that clay
would improve the protection function of chitosan
polymer.
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insufficient copies of DNA are present in the reaction
(Abd-Elsalam et al., 2018). Another important mechanism
involves penetration of the chitosan oligomer into the cells
of microorganisms, which inhibits the growth of cells by
preventing the transcription of DNA into mRNA
(Hernández-Lauzardo et al., 2011).
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Figure 8. Lesion diameter (mm) of P. digitatum after seven days
of shelf-life at 24±1°C and high RH on “Valencia late” oranges
treated with 20 µg/ml of clay/chitosan nanocomposite. Statistical
analysis was performed within each column. Values marked with
the same letters are not statistically different according to posthoc
test DMRT at p ≤ 0.05. Direct action: the pathogen and
clay/chitosan nanocomposite were applied into the same wound;
indirect action: the pathogen and clay/chitosan nanocomposite
were applied into separated wounds.

3.7. Scanning Electron Microscopy
On the control samples SEM demonstrated a normal
morphology, and linearly shaped and the apical hyphae
were tapered with a smooth surface (Fig. 9A). Treatment
by CCNC at 20 µg ml-1 caused severe collapse,
malformation and irregular branching of hyphae in the
apical part (Fig. 9B). The microscopic observation of
Rhizoctonia solani hyphae exposed to chitosan
nanocomposite showed severe damage resulting in the
separation of layers of hyphal wall and collapse of fungal
hyphae (Abd-Elsalam et al., 2018). Nevertheless, much
work has to be done regarding the mode of action of
chitosan-based nanomaterials against plant pathogens (El
Hadrami et al., 2010).
A
B

Figure 10. Agarose gel electrophoresis pattern of the fungal
genomic DNA treated and untreated with CCNC1:2. Lane 1:
DNA for untreated P. digitatum, Lane 2: P. digitatum treated with
5 µg CCNC, Lane 3: P. digitatum treated with 20 µg CCNC.

4. Conclusion
New strategies are needed with the serious goal of
controlling green mold of citrus caused by P. digitatum
with no fungicide residues. Clay/chitosan nanocomposite
(CCNC) is economically interesting since it is easy to
synthetize and low-cost chemical materials are needed.
The chance to integrate at nanometric level clays and
chitosan appears as an attractive method to change a
portion of the properties of this polysaccharide including
its mechanical and thermal behaviour, solubility and
antifungal activity. CCNC seems to be an excellent
alternative control means against green mold of citrus
fruit.
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Abstract
This experiment was designed to improve nutrients deposition in the oocytes of catfish by improving the liver functions
through supplementation of turmeric powder in the feed and to evaluate the optimum dosage of turmeric powder
supplementation in the feed of catfish. The experiment used 40 catfish with the average body weight of 3.75 kg. Forty
experimental catfish were divided into 4 treatments, and each treatment used 10 catfish. The treatments were doses of
turmeric supplementation in the diet consisting of 0 mg/100 g feed (T0 as a control), 120 mg/100 g feed (T1), 240 mg/100 g
feed (T2), and 480 mg/100 g feed (T3). The experimental catfish were fed 2 times a day in the morning and in the afternoon
at the level of 3% body weight for 8 weeks. The results of the experiment showed that turmeric powder supplementation at a
dose of 480 mg/100 g ration could increase the absolute body weight of the catfish, vitellogenin deposition in the eggs, and
gonad development. The results of the present experiment indicate that turmeric powder supplementation of the catfish can
be used to improve reproduction performance of catfish and teleost fish.
Keywords: Turmeric powder, Catfish (Pangasianodon hypothalamus), Egg Vitellogenin, Gonad Development

1. Introduction
The production of catfish in Indonesia increases every
year, but the production level has not reached the
production target. The efforts to increase the production of
catfish have been conducted; however, to reach the
optimum production, it is required to improve and
optimize the physiological functions of body organs of the
catfish. Catfish farmers are facing limitations in breeding
so that demands for larvae, juvenile, and fries production
for catfish farmers have not been achieved optimally. In
catfish farming and aquacultures, there are some problems
and limitation in the availability of quality larvae, juvenile,
and fries by qualities brood stocks. Therefore, to obtain
good quality larvae the strategy can be started from
improving the quality of eggs (Kjorsvik et al., 1990).
The quality of eggs can be improved by improving the
feed quality of the brood stocks. To meet the expectations,
one way is to increase reproduction by increasing the
brood stocks quality through the feed. The feed is an
important component in the process of vitellogenin
synthesis. Basically, vitellogenesis is a process of nutrients
accumulation in the oocyte so that the availability of egg
yolk in the oocyte will determine the qualities of oocytes
(Sequeira et al., 2012). The feeding of fish with a quality
feed is required for meeting the nutrient requirement
during gonad growth and development in the brood
*

catfish. The nutrients content of ration is an important
factor in determining ration quality.
In order to support an optimum reproduction process of
the brood catfish, it is required to add materials that
contain certain nutrients. One of the materials that can be
used is turmeric (Curcuma longa). Turmeric (Curcuma
longa) is a rhizomatous herbaceous perennial plant of the
ginger family, Zingiberaceae (Chan et al., 2009). Turmeric
powder contains a flavonoid that has phytoestrogen
activity acting like estrogen in stimulating the liver to
synthesize vitellogenin. Turmeric powder contains
curcumin, beta carotene, fat 5.1%, carbohydrate 69.4%,
protein 6.3%, vitamin B1, B2, B6, B12, and Vitamin E
(Ravindran et al., 2007; Pari et al., 2008; Dono, 2013).
Curcumin has a hepatoprotective activity that can prevent
and cure the destruction of hepatocytes (Tung et al. 2017)
and improve the hepatocyte function in synthesizing
vitellogenin under the stimulation of estrogen (Saraswati et
al., 2013).
Our preliminary studies in catfish strongly confirm that
turmeric supplementation improves liver function and
increases total egg production (Dewi et al., 2018). The
present experiment was designed to investigate the use of
curcumin in turmeric powder to improve vitellogenin
deposition in the oocyte and gonad development of the
experimental catfish.
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2. Materials and Methods
The experiment was conducted from May to August
2015. The experiment was conducted in the Babakan
Experimental Pond, Faculty of Fishery and Marine
Science, IPB University. The measurement of vitellogenin
contents of the ovulating eggs was conducted in the
Laboratory of Biochemistry of Inter-University Center,
Bogor
Agricultural
University.
Forty
catfish
(Pangasionodon hypopthalmus), cultured in local
freshwater with the average body weight of 3.75 kg, were
used as experimental models. The catfish were chosen due
to their high fecundity. The experimental catfish were
maintained in a 28 x 20 x 6m3 maintenance pond. The
optimum supplemental dose of turmeric powder for catfish
(2.4 g/kg feed) was calculated according to the method of
Laurence and Bacharach (1964) based on the optimum
dose of turmeric powder in human. The experimental
doses used were no turmeric supplementation, half of the
optimum dose, the optimum dose, and twice the optimum
dose. Turmeric (with 5.34% curcumin content) was mixed
with commercial feed to produce the treatment doses of 0,
120, 240, and 480 mg/100 g feed.
2.1. Catfish Maintenance
The catfish were acclimated to the experimental
conditions and the ponds for 1 month before treatment
after being selected based on their gonad maturity (stage
I). During the maturation process, the experimental catfish
were kept in the maintenance pond, which was later
partitioned into 4 smaller 7 x 5 x 1.5-m3 experimental net
cages. Each net cage contained 10 catfish that were
subjected to these conditions for 8 weeks. During the
experiment, the catfish were fed commercial feed with a
protein content of 38% two times a day (in the morning
and in the afternoon). Feed was provided at 3% of the BW,
and the nutrient composition of the feed is presented in
Table 1.
Table 1. Proximate analyses of experimental rations
supplemented with turmeric powder at doses of 0, 120, 240, and
480 mg/100 g commercial ration.
The dose of Protein
turmeric
(mg/100 g
ration)

Fat

Ash

0 (T0)

32.99

7.61

9.23

120 (T1)

32.76

7.68

240 (T2)

31.60

7.09

480 (T3)

31.81

7.29

Water

Carbohydrate
Crude
Fiber

NFE

8.06

4.45

37.66

8.95

8.40

5.35

36.86

8.92

8.69

4.63

39.07

9.06

8.37

4.22

39.25

2.2. Samples Collections and Measurements
At the end of 8 weeks of turmeric supplementation, the
experimental catfish were sacrificed to observe the gonad.
Before being sacrificed, the experimental catfish were
weighed for measuring body weight. Each group of
experimental catfish was represented by 3 catfish to be
sacrificed. The gonad of selected experimental catfish was
evaluated by collecting the gonads of 3 selected
experimental catfish. The weights of gonads were
measured. The eggs vitellogenin concentrations were
measured to determine the gonad maturity due to turmeric
supplementation.

Vitellogenin concentrations of the eggs were measured
in two steps. The first step was the isolation of the
vitellogenin from the eggs of experimental catfish by using
SDS polyacrylamide gel electrophoresis (SDS-PAGE)
(Bio-Rad, Hercules, California, USA) (Walker, 2002). The
second step was the quantification of the isolated
vitellogenin using the Bradford method (Kruger, 2002).
In the isolation of vitellogenin, 1g of egg sample of the
experimental catfish was mixed with 15 µL of sample
buffer and the mixture was dissolved in distilled water
with the final volume of 1 mL. The mixture was heated at
100°C for 5 minutes. Fifteen microliters (15 µL) of this
mixture of sample preparation was used per well, so the
weight of egg sample in each well was 15 µg. The
electrophoresis was run at 60 mV and 20 mA for 4 hours.
After completing the electrophoresis, the gel was
processed for silver staining, and then the gel was put into
a stop solution for 5 minutes. Then, the gel was washed
with ddH2O for 5 minutes and scanned. The relative
mobility (Rf) of the sample was measured, and the
molecular weights of the proteins in the sample were
calculated using the standard protein marker.
The molecular weight of 240 kDa for avian vitellogenin
(Deeley et al., 1975) was used as a criterion for selecting
and isolating the vitellogenin. Therefore, in this method,
the band with 240 kDa was cut and separated, ground with
deionized distilled water (ddH 2 O) and then centrifuged at
3360 g for 15 minutes. The supernatant was added with
ddH 2 O to make a final volume of 200 µL. Then, the
supernatant was added to 2 mL of the Bradford solution
and then vortexed, and the solution was allowed to sit for
3–15 minutes (stable for 1 hour). Then, 3.3333 µL of the
mixture of supernatant and Bradford solution was used to
measure the absorbance of the solution using a
spectrophotometer at the wave length of 595 nm. The
blank solution was made by mixing 200 µL of deionized
distilled water with 2 mL of the Bradford solution. The
absorbance of the blank solution was also measured. The
corrected absorbance of the sample was calculated by
reducing the sample absorbance with the blank
absorbance.
Then, the standard curve was made by using bovine
serum albumen (Sigma) as a standard protein at the ranges
of 0, 0.02, 0.04, 0.06, 0.08 and 0.10 mg/mL, which equals
the range of concentrations of 0, 20, 40, 60, 80 and 100
ppm. The concentration of sample protein (mg in 200 µL
egg) can be calculated from the equation of the standard
curve of the BSA. The final concentration of the
vitellogenin concentrations of the egg (mg/mL) was
calculated by correcting the dilution of the eggs sample in
the analysis.
Further, the gonad organs were isolated and then
stored in 10% of buffered neutral formalin for histological
preparation. Qualitative observations of gonad tissues were
determined from the description of histological
observations of the gonad by using paraffin and
Hematoxcylin-Eosin staining (Bancroft and Gamble,
2008).
2.3. Water Quality Parameters
The water quality parameters measured were
temperature, pH, and dissolved oxygen. Temperature was
measured by using thermometer. The water pH was
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measured by using Ph-meter. The dissolve oxygen in the
water was measured by DO meter.
2.4. Data Analyses
The collected data were analyzed with Analyses of
Variance by using Microsoft Excel 2010 and SPSS version
16.0. When the effect of treatment was significant, the
Duncan Test was conducted to test the difference between
doses of turmeric supplementation with 95% confidential
interval.
3. Results
3.1. Absolute Body Weight
The observation on the absolute body weight gain of
experimental catfish fed with commercial ration
supplemented with turmeric powder at doses of 0, 120,
240, and 480 mg/100 g ration is presented in Table 2. The
statistical analyses showed that the supplementation of
catfish with turmeric powder significantly increased
absolute body weight gain (P<0.05). The Duncan test also
manifested that catfish fed ration supplemented with
turmeric powder at a dose of 480 mg/100 g ration showed
the highest absolute body weight gain (4.17 kg) that was
significantly different from the other doses of turmeric
supplementation. Turmeric powder supplementation at
doses of 120 and 240 mg/100 g ration did not significantly
increase absolute body weight gains compared to control
catfish without turmeric powder supplementation
(P>0.05).
Table 2. Average absolute body weight gains of experimental
catfish fed commercial ration supplemented with turmeric powder
at doses 0 mg/100 g ration (T0), 120 mg/100 g ration (T1), 240
mg/100 g ration (T2), and 480 mg/100 g ration (T3) for 8 weeks.
The dose of turmeric powder
supplementation (mg/100 g ration)

Absolute body weight
gain (kg)

0

3.01±0.86a

120

2.94±0.85a

240

3.14±0.16a

480

4.17±0.43b

Different superscripts in the same column indicate significant
differences (P<0.05).
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turmeric powder at doses of 0, 120, and 240 mg/100 g
ration.
Table 3. Mean vitellogenin concentrations in the eggs of
experimental catfish fed ration supplemented with turmeric
powder at doses of 0 mg/100 g ration (T0), 120 mg/100 g ration
(T1), 240 mg/100 g ration (T2), and 480 mg/100 g ration (T3) for
8 weeks.
The dose of turmeric powder
supplementation (mg/100 g ration)

Vitellogenin concentration
in the eggs (mg/g)

0

0.78±0.15a

120

0.22±0.24a

240

2.06±0.38b

480

3.99±1.29c

Different superscripts in the same column indicate significantly

3.3. Gonad Development
Experimental catfish supplemented with different doses
of turmeric powder had significantly different gonad
maturities. This result indicates that different doses of
turmeric supplementation affect the gonad development of
experimental catfish that is the initial stage of effects on
reproduction. Gonad development of catfish in this
experiment was determined based on the observation of
the catfish gonad and the level of gonad maturity in each
experimental catfish. The level of gonad maturity of
experimental catfish was determined morphologically
based on the form, color, size, and the development of
gonad contents. Figure 1 and Figure 2 present the photos
of the level of gonad maturity of the experimental catfish
at the end of the experiment.
From the observation of gonad maturity at the end of
the experiment, it was clear that gonad maturity in the
experimental catfish supplemented with turmeric at a dose
of 480 mg/100 g ration was faster compared to the control
catfish (Figures 1 and Figure 2). However, the catfish
supplemented with turmeric at doses of 0 mg/100 g ration
and 120 mg/100 g ration showed the early gonad maturity
at the end of experiment while the experimental catfish
supplemented with turmeric at a dose of 480 mg/100 g
ration could maintain the gonad maturity until the end of
experiment.It could be seen in Figure 2 that there were
higher number of eggs in the gonad of experimental
catfish.

3.2. Vitellogenin Concentration of the Egg
The vitellogenin concentrations of the eggs as an
indicator of vitellogenin synthesis and deposition in the
oocytes of the experimental catfish fed commercial ration
supplemented with turmeric powder at doses 0, 120, 240,
and 480 mg/100 g ration are presented in Table 3. The
results of statistical analyses showed that turmeric powder
supplementation at various doses significantly increased
(P<0.05) vitellogenin synthesis and deposition in the
oocyte with the final effect on the increased concentrations
in the eggs. Further Duncan test showed that the highest
vitellogenin deposition in the oocytes was found in the
experimental catfish fed ration supplemented with turmeric
powder at a dose of 480 mg/100 g ration i.e., 3.99 mg/g
egg. The vitellogenin concentration in this experimental
catfish fed ration supplemented with turmeric powder at a
dose of 480 mg/100 g ration was significantly different
(P<0.05) from the experimental catfish fed ration with

Figure 1. The conditions of ovaries of experimental catfish
supplemented with turmeric powder at doses of 0 mg/100 g ration
(T0), 120 mg/100 g ration (T1), 240 mg/100 g ration (T2), and
480 mg/100 g ration (T3) for 8 weeks.
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Figure 2. The gonads of experimental catfish supplemented with
turmeric powder at doses of 0 mg/100 g ration (T0), 120 mg/100 g
ration (T1), 240 mg/100 g ration (T2), and 480 mg/100 g ration
(T3) for 8 weeks

3.4. Histology of Gonad
Histologically, catfish supplemented with turmeric
powder at a dose of 480 mg/g feed showed a better gonad
maturity and ready for ovulation and spawning. There
were different stages of oocyte development in one ovary
indicating that the experimental catfish have partial or
asynchronous spawning. The most significant results from
histological observation of gonads were the higher number
and size of oocytes in catfish supplemented with turmeric
powder at a dose of 480 mg/100 g feed.
3.5. Water Quality
The high quality of the water media was maintained
under controlled conditions during the experiment. The
water pH ranged from 6.0 to 7.5; the temperature ranged
from 27.7 to 30°C; and the dissolved oxygen ranged from
3.5 to 5.42 mg/L. The standard water pH, temperature, and
dissolved oxygen ranges were 6.85 to 7.50, 28.0 to 30.0,
and 3.0 to 6.0 respectively.
4. Discussion
Supplementation of turmeric powder in the ration
improved the growth of experimental catfish during 8
weeks of treatment as was indicated by the increased
absolute body weight (P<0.05) (Table 2). At the end of 8
weeks of turmeric powder supplementation, the
experimental catfish fed ration supplemented with turmeric
powder at a dose of 480 mg/100 g ration had the highest
absolute body weight gain compared to the other catfish
supplemented with turmeric powder at doses of 0, 120, and
240 mg/100 g ration.
The increases in body weights were related to the
increased feed intake as was reported by Rajput et al.
(2012) that turmeric powder supplementation in broiler
chickens increased appetite that further increased feed
intake that eventually met the nutrient requirement of the
animals. Supplementation of the ration with Nigella sativa
or black cumin combined with turmeric at doses of 5-10
g/kg ration for 60 days could increase the daily growth rate
of Lates calcarifer fingerlings (Abdelwahab and El Bahr,
2012). Mahmoud et al. (2014) concluded that 0.5%
turmeric supplementation improved growth performance

of Nile tilapia. The similar result was also observed by
Mukherjee et al. (2009) investigating the effect of turmeric
powder on growth performance and body color of guppy.
In this study, 0.03, 0.06, 0.09, 0.10, and 0.20 percent of
turmeric powder were added to the basal diet, and the
results revealed that fish fed with diet contained 0.09%
turmeric powder had a better growth performance
compared to the other groups. Turmeric powder
supplementation at a dose of 7.5% ration in African catfish
(Clarias gariepinus) could also increase body weight gains
during 8 weeks of treatment in African catfish (Sodamola
et al., 2016). The similar result was also observed in fish
supplemented with turmeric powder at a dose of 0.3%
ration increased body weight gain of Green terror
(Andinocara rivulatus) (Mooraki et al., 2019).
Experimental catfish fed ration supplemented with
turmeric powder at a dose of 480 mg/100 g ration had the
highest vitellogenin concentrations in the eggs i.e., 3.99
mg/mL. This result could be related to the phytoestrogenic
effects of flavonoid in the turmeric that could act like
estrogen in stimulating the liver to synthesize vitellogenin.
The liver is the main site of vitellogenin biosynthesis as a
precursor of egg yolk (Turker and Bozcaarmutlu, 2009).
Dewi et al. (2018) reported that turmeric powder
supplementation at a dose of 480 mg/100 g ration in
catfish could increase the plasma vitellogenin
concentrations i.e., 5.375 mg/mL. Turmeric powder
supplementation dramatically increased the capacity of
hepatocytes to synthesize vitellogenin in catfish that
eventually increased vitellogenin deposition in the
developing oocytes during gonad maturity that was
confirmed by the increased fecundity and with the higher
diameters. These results in catfish were similar to the
results reported by Rawung et al. (2019) that turmeric
powder supplementation at a dose of 0.5% ration and
thyroxine at a dose of 0.1 mg in african catfish (Clarias
gariepinus) could increase the vitellogenin concentrations
in the eggs i.e., 8.17 mg/mL. Turmeric powder
supplementation prior to gonad maturity would stimulate
earlier cell growth and receptors that were indicated by the
increased synthesis of vitellogenin that eventually
increased egg production. The vitellogenin concentration
in the eggs found in the present experiment indicated that
turmeric powder could increase vitellogenin synthesis and
further deposition in the eggs. Turmeric powder
supplementation could improve liver capacity and
functions to produce the precursor of egg yolk that
eventually stimulates the follicle growth during gonad
maturity. During the process of vitellogenesis, the number
and granules of egg yolk increase so that the volume of
oocytes will increase. During the deposition of egg yolk,
curcumin as a bioactive component of turmeric is assumed
to be deposited in the developing oocytes (Kasiyati et al.,
2016a).
The turmeric powder supplementation could increase
the diameter of the eggs in the experimental catfish. The
increased egg diameter is the results of the increased
synthesis, secretion, and deposition of egg yolk precursors
in the present experiment. Egg diameter indicates the
number of materials and energy deposited in the eggs that
will be further used for embryonic growth and
development. The egg diameter will increase with the
increased gonad development. This increase is related to
the increased deposition of nutrients in the oocytes during
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gonad maturation that will increase with the increased size
of the oocytes. The egg diameter is determined by the
amount of vitellogenin deposited in the egg during oocyte
growth and development. The increased diameter of the
egg is caused by the growth and development of oocytes
and the growth and development of the oocytes are related
to the deposition of egg yolk. The development of egg
during the uptake of vitellogenin will be stopped when the
oocyte has reached the maximum size. Dewi et al. (2018)
reported that turmeric powder supplementation at doses of
240-480 mg/100 g ration could increase the egg diameter
in catfish. Curcumin supplementation in the ration could
increase the diameter of F1 follicles in Magelang ducks
(Kasiyati et al., 2016b).
The diameters of sample eggs of catfish showed
different sizes. In the control catfish, the diameter of the
egg was lower compared to those supplemented with
turmeric powder at a dose of 480 mg/100 g ration. Lee &
Young (2002) stated that the egg size also played a role
and determined the survival of the fish developed from this
egg. The egg size also correlated with the size of the
larvae. Larvae with larger size will survive better during
starvation compared to smaller larvae hatched from the
egg with the smaller size (Kamler, 1992). The positive
relation between the larvae size and egg size was reported
in salary Salmon, Oncorhynchus mykiss, and turbot
(Scopththalmus maximus. L) (Kjorsvik et al., 1990). Some
researchers showed that eggs with larger sizes produced
larvae and fish with better survivals. Kamler (1992)
proposed an equation of survival for sea pelagic fish that
mortality rate of egg and larvae had a negative correlation
with the egg size. If there was no external feed, the larger
larvae hatched from a larger egg could survive longer
compared to larvae hatched from a smaller egg.
The gonad maturity in fish fed ration supplemented
with turmeric powder at doses of 240-480 mg/100 g ration
was faster compared to control catfish (Figure 2). The
acceleration of gonad maturity is assumed to be related to
the role of turmeric powder in improving liver function to
synthesize vitellogenin and the vitellogenin will be further
transported and deposited in the developing oocytes for the
growth and development of follicle hierarchy. The higher
the number of developing follicles, the faster the follicle is
to be ovulated. Dewi et al. (2018) reported that turmeric
powder supplementation at doses of 240-480 mg/100 g
ration could produce 100% catfish reached gonad maturity
with gonad maturity stage IV (final vitellogenesis) during
8 weeks of treatment. The similar result was also observed
in catfish treated with hormone (PMSG+ anti-dopamine,
each with doses of 0.25 mL dan 0.1 mg) and turmeric at a
dose of 480 mg/100 g in feed could produce 100% gonad
maturity in catfish (Pangasionodon hypophthalmus) (Arfah
et al., 2018).
The differences in histological profiles of gonads in
each experimental catfish can be seen in Figure 3. In
control catfish, the development of gonad at week 8 is still
in the early stage of development; oogonia are very small
with a round form and a very large nucleus compared to
the cytoplasm, and oogonia are found in group even
though some are single.
However, the catfish
supplemented with turmeric powder at a dose of 480 mg/g
feed showed the oocyte that were in the last stage of
maturation with a larger size; the number of egg yolk that
covered the cytoplasm was higher. Figure 3 shows that the
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oocytes of catfish in the same gonad maturity have
different and various development stages. The difference
in developmental stages of gonad is an indication of the
experimental catfish with the partial or asynchronous
spawning type. Partial or asynchronous spawning is the
development of oocytes when the ovary contains all stadia
of oocytes.

T0

T1

T2

T3

Figure 3.
Histology of gonad of experimental catfish
supplemented with turmeric powder at doses of 0 mg/100 feed
(T0), 120 mg/ 100 g feed (T1), 240 mg/ 100 g feed (T2), and 480
mg/ 100 g feed (T3). Nucleus (N), Cytoplasm (Cy), Yolk Globule
(YG), Oogonium (OG). Staining with H&E, Scale line
represented 50 µm. Enlargement 40 x 10 times.

The water quality during catfish maintenance showed
the condition that is able to support the maintenance of
experimental catfish. The degree of water acidity (pH)
during experiment ranged from 6.0-7.5, and this pH range
was in the range of optimum pH for catfish as Hossain et
al. (2006) stated that the optimum pH to support the life of
catfish ranges from 6.85–7.5. The water temperature
during the experiment ranged from 27.7-30.0ºC, and the
temperature was in the normal range. According to
Slembrouck et al. (2009), in general, catfish can survive to
live in the range of water temperature of 28-30ºC.
Dissolved oxygen (DO) during experiment ranged from
3.5-5.42 mg/L, and this range was suitable for catfish
maintenance to support the optimum catfish growth that
ranged 3.0–6.0 mg/L (Rahman et al., 2006).
5. Conclusions
Turmeric powder supplementation can improve
absolute body weight gain, vitellogenin synthesis and
deposition in the eggs as well as the stage of gonad
development of experimental catfish. The improved
absolute body weight gain, vitellogenin deposition in the
eggs, and gonad development are the initial indicators that
curcumin supplementation in the ration has a great
prospect to be used in improving reproductive
performances of catfish and teleost fish.
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Abstract
The present study aimed to evaluate the effect of different applications of the bio-agent Achromobacter xylosoxidans (B)
against root-knot nematodes, Meloidogyne incognita (N) infected eggplant under greenhouse conditions. The different
applications are addition of bacteria suspension seven days after / before nematodes, addition of bacteria suspension and
nematodes at same time; root dipping in bacteria suspension for 30 and 45 min; foliar spreading by bacteria suspension, in
addition two controls; infected plant with nematodes without applying any bacteria, and untreated plant neither with
nematodes nor with bacteria. The best application of the bio-agent to maximize bio-control benefits was estimated by
studying its effect on eggplant gene expression via protein analysis. The most effective application was when nematodes and
A. xylosoxidans were added at the same time (N+B at same time). The reduction of nematode parameter; second-stage
juveniles in the soil, number of galls and number of egg-masses due to this application had reached 79.80%, 71.09% and
78.26% respectively. These results are in harmony with those of soluble protein electrophoresis of eggplants, which showed
that the infected plant gave the lowest number of bands in all total stages of the experiment, while the application (N+B at
same time) had the highest number of bands. Four bands at M.W. (55, 53, 47 and 43 kDa.) produced by untreated plant and
all application but were absent in infected plant. This indicates the importance of applying the bacterium strain A.
xylosoxidans which induced the plant to produce these important proteins. The increase or decrease in the number of protein
bands refers to the induction or inhibition of the resistance genes, and this change was reflected on plant growth. The
effectiveness of the application was clear in increasing the length, fresh and dry weights of shoot and root.
S

S

Keywords: Different applications, Achromobacter xylosoxidans, eggplant, Meloidogyne incognita, bio-agent, gene expression, SDS-PAGE.

1. Introduction
Plant-parasitic nematodes cause serious losses to a
variety of agricultural crops worldwide (Ismail et al.,
2018). Egyptian agriculture faces a great loss every year
incurred from infection by plant diseases, the annual losses
up to 23% in eggplant (El-Nagdi et al. 2019). The rootknot nematodes, Meloidogyne incognita are major plantparasites, and they are the main problem for many
agricultural crops (Hussain et al., 2012; Youssef et al.,
2012; Mukhtar et al., 2013, Kassab et al., 2017). In recent
years, the main way for their control was the use of
chemical nematicides. The risk and harmful effects on
humans and environments have focused the attention on
the development of biological control agents as an
alternative potential eco-friendly strategy for controlling
plant diseases. Soil rhizobacteria are repeatedly shown to
be promising microorganisms for the biological control of
plant-parasitic nematodes (Giannakou et al., 2004). The
use of biological agents in particular plant growthpromoting rhizobacteria (PGPR) has been considered as an
attractive viable option to the control strategies (Kloepper
et al., 1991). B Due totheir ability to improve plant
*
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growth, Endophytic bacteria can be considered as PGPR,
and their close interactions with plants make them an ideal
candidate for enhancing plant growth.
Endophytic bacteria, Achromobacter xylosoxidans is a
gram-negative bacterium, frequently- isolated from the
rhizosphere. A. xylosoxidans use in biocontrol is already
known to suppress nematode population (Yuen and
Schroth, 1986; Vaidya et al., 2001; Tian et al., 2007). A.
xylosoxidans was included as plant growth -promoting
rhizobacteria (PGPR) as it has shown tremendous promise
in terms of improvement of NO 3 uptake by roots. A.
xylosoxidans strain SF2 produces salicylic acids, and
another endophytic A. xylosoxidans strain 31A was
reported to tolerate salinity (Sgroy et al., 2009).
Siderophores of A. xylosoxidans can act in biocontrol as a
determinant of induced systemic resistance in the plant
(Vaidya et al., 2001, Forchetti et al., 2007). Also, A.
xylosoxidans Ax10 has solubilized inorganic phosphate
and A. xylosoxidans Ax10 has the capability of producing
indole acetic acid. In pot experiments, inoculation of A.
xylosoxidans Ax10 significantly led to an increase of the
root length, shoot length, fresh weight, and dry weight of
Brassica juncea plants compared to the control (Ma et al.,
2009). Zhang et al. (2016) found that the culture filtrate of
R

R
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two bacterial strains A. xylosoxidans (09X01) and Bacillus
cereus (09B18) caused high mortality of the second stage
juvenile nematodes and reduced in vitro egg hatch
compared to control.
Using the bacterial suspension simultaneously with
nematodes and ̸ or before nematode inoculation was more
effective than adding after nematode inoculation. In
addition, it recorded a significant increasing in nematode
and plant parameters compared to the infected plant with
nematodes (Soliman et al., 2017).
Polyacrylamide gel electrophoresis (SDS-PAGE) is
commonly employed in biological analysis to determine
shifts in protein bands. These bands might be proteins or
enzymes. Bio-stress, due to hormonal changes, could cause
protein synthesis and enzymatic shifts (Ghasempour et al.
1998;
Gianello et
al.
2000. Ghasempour et
al.
2001; Ghasempour and Kianian 2002; Ghasempour and
Maleki 2003). The amount of soluble protein increases in
desiccation-hardened plants and undergoes changes in
electrophoretic mobility (Faw and Jung, 1972). Cloutier,
(1983). detected quantitative changes in the electrophoretic
patterns of the soluble proteins of different cultivars grown
in different environments. Certain types of stressful
environmental conditions can activate stress genes to
produce stress proteins that enable organisms to tolerate
such stresses. The electrophoretic banding patterns can be
used for characterization and identification of eggplant
cultivars (Sayed et al. 1998). Electrophoretic patterns of
soluble proteins and isozymes are powerful tools for the
study of genetic variability of cultivars (Barta et al., 2003).
Vyomesh et al (2018) detected increasing number of
bands in both cultivars upon transition from control to
stress environment, and resistant cultivar showed more
number of bands as compared to susceptible cultivar
The present study aimed to evaluate the efficacy of
different application of A. xylosoxidans as bio-agent to
maximize its efficiency against M. incognita infecting
eggplant under greenhouse conditions. Also, this research
attempted to study the effect of some different applications
on eggplant gene expression via soluble protein analysis.
2. Materials and methods

clay and sand, were prepared, and then the eggplant
seedlings were transplanted. Pots were arranged in a
randomized complete block design under greenhouse
conditions at 28°C±2. All plants were watered after
nematode inoculation and whenever needed. Six
applications of A. xylosoxidans were applied in the soil:
The bacterial culture A. xylosoxidans was applied as
soil drench application (a, b, c), barer root dipping (d and
e) and foliar spreading as bio-agent to bio-control of M.
incognita as follows:
a. A. xylosoxidans (B) inoculated seven days after the
nematodes (N) inoculation (B after 7days N).
b. Nematodes (N) added after seven days from the A.
xylosoxidans (B) inoculation (N after 7days B).
c. The nematodes (N) and A. xylosoxidans (B) inoculated
simultaneously (N+B at same time).
d. Barer root dipping treatment was given to seedling by
immersing their roots in the A. xylosoxidans suspension
for 30 minutes (Root dipping at 30 min.).
e. Barer root dipping treatment was given to seedling by
immersing their roots in the A. xylosoxidans suspension
for 45 minutes (Root dipping at 45 min.).
f. Foliar spreading of leaves plant (Foliar spreading with
bacteria, A. xylosoxidans).
g. Plant with nematodes (Infected plant).
h. Plant without bacteria and nematodes (Untreated plant).
Applications of rhizobacterial bio-agents were
performed by adding 1 ml of A. xylosoxidans (around
2×108 cfu / ml) in 2 cm deep around each plant and
covered with soil of a seedling at the time of transplant.
Barer root dipping treatment was given to seedling by
immersing their roots in the culture of bacteria (2×108 cfu
/ml) for two times, 30 min and 45 minutes.
Nematode suspension of M. incognita (2000 J 2 ) was
added to soil, where seedlings were planted in 2 cm deep
around each plant and covered with soil. Plants infected
with M. incognita and untreated with bacteria served as
control. All pots were arranged in a randomized complete
block design in a greenhouse at 28 ± 2 ºC. Fifty days after
nematode inoculation, eggplants were gently uprooted, and
the roots were washed and cleaned from the adhering soil
particles. The second- stage juveniles (J 2 ) in the soil were
extracted by sieving and decanting technique (Barker,
1985) and examined under a light microscope using a
Hawksley counting slide. Number of J 2 in soil, number of
galls and number of egg masses were counted from the
whole root system and indexed according to Sharma et al.
(1994) scale as follows: 1 = no galls or egg-mass, 2 = 1 - 5,
3 = 6 - 10, 4 = 11 - 20, 5 = 21 - 30, 6 = 31 - 50, 7 = 51 70, 8 = 71 - 100 and 9 >100 galls or egg-mass / plant.
Lengths, fresh and dry weights of both shoot and root
systems were recorded.
P
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The bacterial bio-agents Achromobacter xylosoxidans
19GES registered under accession number LC214968.1 in
the GeneBank (USA) was obtained from previous studies
and cultured on Luria broth medium at 30° C. Luria broth
(LB) medium is prepared from Tryptone 10 g, Yeast
Extract 5 g, NaCl 5 g, 20 g up to 1000 ml of distilled water
according to Davis et al. (1980).
P

P

2.1. Preparation of Nematode, M. incognita culture
The nematode population used in this research, M.
incognita, was obtained from greenhouse culture of tomato
plants which were maintained at Plant Pathology
Department. The nematode eggs were extracted from
infected roots of tomato in 0.5 % sodium hypochlorite on
25 µm sieve according to the method of Hussey and
Barker (1973). The eggs were incubated at 27 ºC inside
incubator and hatched out the second- stage juveniles (J 2 )
by using Baermann plates.
A. xylosoxidans liquid culture was prepared and
activated in (LB) medium. Plastic pots (15 cm diameter)
filled with two kilograms of autoclaved soil, 1:1 mixture of
R
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2.2. SDS-Protein Electrophoresis
Samples of 1 g from leaves exposed to different
applications of A. xylosoxidans as bio-agent against M.
incognita infecting eggplant greenhouse conditions in
different times were used for protein analyses by Sodium
Dodecyl Sulfate –Polyacrylamide Gel Electrophoresis
(SDS-PAGE). The protein analysis was preformed
according to the method of Laemmli (1970). Samples
preparations and extraction of water-soluble proteins were
performed according to Stegmann (1979). The gel was
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photographed and scanned by Gel Doe Bio-Rad System
(Gel- Pro analyzer V.3).
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results indicated that all application of A. xylosoxidans
culture had achieved significant reduction (P<0.05) on
root-knot nematode parameters as compared to untreated
plant. A. xylosoxidans (N+B at same time) application was
the most effective as reduction reached 79.80%, 71.09%
and 78.26% on number of second-stage juveniles in soil,
number of galls and number of egg-masses respectively.
Application of nematodes after A. xylosoxidans (N after
7days B) comes next with some exceptions, recording
75.76%, 68.38% and 75.35% reduction on number of J 2 ,
number of galls and number of egg-masses,
respectively,while the least effective application was in
case of barer root dipping, where immersing of seedling
root for 30 min. recorded 49.90%, 54.38% reduction in the
number of J 2 and number of galls, respectively. Also, the
same trend was noticed with respect to galls and eggmasses indexes.

2.3. Statistical analysis
All data collected were subjected to analysis of
variance (ANOVA) and significant means separated with
Duncan Multiple Range Test (DMRT) at P ≤ 0.05 levels
according to Duncan (1955).
3. Results
3.1. Effect of different applications of bio-agent
Achromobacter xylosoxidans against root-knot
nematodes M. incognita number of J2, galls, and eggmasses formation.
Effect of different applications of A. xylosoxidans as
bio- control agent against M. incognita infected eggplant
under greenhouse conditions is shown in Table (1). The

Table 1. Effect of different applications of bio-agent Achromobacter xylosoxidans against root-knot nematodes M. incognita number of J 2 ,
galls, and egg-masses formation (after eight weeks applications). #

Treatment

No. J 2
200 g in soil
R

R%.

No. galls / root
system

R%.

Root gall
index**
P

No. egg-masses /
root system

R%.

Egg-mass
index**
P

B after 7day N
128*c
74.14
51.00b
47.96
7
5.33c
76.83
3
N after 7day B
120d
75.76
31.33de
68.38
6
5.67c
75.35
3
N+B adding the same
28.33de
71.09
5
5.00c
78.26
2
100e
79.80
time
Root dipping at 30
248b
49.90
45.00bc
54.08
6
7.00bc
69.57
3
Root dipping at 45 min
124cd
74.95
36.33cd
62.93
6
9.33b
59.43
3
Leaf spraying
123d
75.16
39.67cd
59.52
6
6.67bc
71.00
3
Infected plant
495a
---98.00a
-----8
23.00a
-----5
# Values are average of five replicates. * Means followed by the same letter (s) are not significantly different according to Duncan’s
Multiple Range Test. ** Root galls and egg-masses indexes were determined. R. % = % Reduction.

most effective application in increasing the length, fresh
and dry weights of shoot and root length where they
reached 58.57 %,120.30 %, 130.26 %, 93.33 %, compared
to other applications and infected plant (plant
+nematodes). Generally, application of A. xylosoxidans in
soil drenching and foliar spraying appeared more effective
in increasing growth of eggplants compared to immersing
of the seedling roots.

3.2. Effect of different applications on bio-control
efficacy of A. xylosoxidans against root-knot nematodes,
M. incognita on the growth traits of infecting eggplant.
The results shown in Table (2) indicated that the
influence of all different applications of A. xylosoxidans
had increased growth parameters of eggplant significantly
(P<0.05). The data revealed that application of A.
xylosoxidans (N+B at the same time) had achieved the

Table (2): Effect of different applications on bio-control efficacy of Achromobacter xylosoxidans against root knot nematode Meloidogyne
incognita on the growth traits of infecting eggplant (after eight weeks of applications).#

Treatments

Shoot System
Length
(cm)
% Inc.*
24.25*b
38.57
26.00 ab
48.57

fresh
weight(g)
3.13bc
3.39b

% Inc.
54.95
22.28

Dry
weight(g)
1.19b
1.31b

Root System
Length
% Inc.
(cm)
% Inc.
56.58 14.75ab 51.28
72.37 12.75bc 30.77

fresh
weight(g)
2.06bc
2.12bc

% Inc.
B after 7 days N
19.84N after 7days B
-17.51
N+B adding in the same
27.75a
58.57
4.45a
120.30
1.75a
130.26 18.85a
93.33
2.03c
-21.10
time
Root dipping at 30 min
18.25c
4.23
3.26b
61.39
1.14bc
50.00 12.75bc 30.77
2.38ab
7.39Root dipping at 45 min
20.00c
14.29
2.47c
22.28
1.17bc
53.95
17.75a
82.05
2.23bc
-13.23
Leaf spraying
24.00b
37.14
2.47c
22.28
1.46ab
92.11 16.25ab 66.67
2. 33ab
9.39Untreated plant
19.00
8.57
3.53
1.50
11.25
15.38
2.18 bc
-15.18
Infected plant
2.57a
17.50c
2.02c
0.76c
9.75c
# Values are average of five replicates. * Means followed by the same letter (s) are not significantly (P≤0.05) different according to
Duncan’s Multiple Range Test. % Inc* = Increase over control.
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application (12 bands), followed by (B after7days N)
application (11 bands) while the lowest number of bands
was observed in the infected plant (4 bands) . In addition,
the application of A. xylosoxidans (N+B at same time)
displayed eight protein bands. One band with M.W. 145
kDa. appeared in the infected plant but was absent in
untreated plant and the rest of applications. On the
contrary, two bands at 39 and 24 kDa. were found in
untreated plant, leaf spraying and root dipping 45 min.
applications, but absent in the infected plant. Also, four
bands at M.W. 55, 53, 47and 43 kDa were produced by
untreated plant in normal conditions and all applications
but were absent in infected plant.

3.3. Effect of A. xylosoxidans applications on infected
eggplant gene expression by SDS-PAGE:
3.3.1. After one week
Protein profile was performed to detect the biochemical
differences due to the different applications of A.
xylosoxidans as a bio-agent against M. incognita which
infects eggplant in greenhouse conditions compared with
untreated plants and infected plants as shown in Figure (1)
and Table (3). The results revealed clear differences in the
number and molecular weights of protein bands, 15 bands
were found ranging from 17 to 145 kDa. were
polymorphic (100% polymorphism). The highest number
of protein bands was found in the (root dipping 45 min.)
P

P

Table 3: Densitometric analysis represents leaf water soluble-protein electrophoretic patterns for eggplant under normal and different
applications after one week.
B.N

M.W.

1
145
2
78
3
67
4
62
5
55
6
53
7
47
8
43
9
39
10
31
11
29
12
26
13
24
14
20
15
17
Number of
Bands

Untreated
plant
0
0
1
0
1
1
1
1
0
1
1
1
0
1
1

1 = Presence of band

10

0
0
1
0
1
1
1
1
0
0
1
1
0
1
0

Root
dipping
30 min
0
0
1
0
1
1
1
1
0
0
0
1
0
1
0

Root
dipping
45 min
0
0
1
0
1
1
1
1
1
1
1
1
1
1
1

8

7

12

Infected
plant

B after 7 days N

N after 7 days B

N+B at same time

1
0
0
0
0
0
0
0
0
0
1
1
0
1
0

0
1
1
1
1
1
1
1
0
1
1
1
0
1
0

0
0
1
0
1
1
1
1
0
0
0
0
0
0
0

4

11

5

0 = absence of band

B,N = Band Number

Leaf
spraying
0
0
1
0
1
1
1
1
1
0
1
1
1
0
0
9

M.W. =Molecular weight

3.3.2. after two weeks of application

Figure 1. SDS-PAGE of leaf water-soluble protein
electrophoretic patterns for eggplant under normal and different
applications after one week.

Figure (2) and table (4) showed the protein profile of
different applications compared with the infected plant
(plants + nematode). A total of 12 bands were found in
protein pattern ranging from 140 to 19 kDa. Only one band
was monomorphic (8.33%) while eleven were
polymorphic (91.67% polymorphism). The highest number
of protein bands was 11 bands observed in the application
of A. xylosoxidans (N+B at same time), three of them at
M.W. (140, 27 and 21 kDa. respectively) were not
detected in untreated plant and the rest of applications,
followed by (B after 7days N) application (six bands). The
lowest number of bands (two bands) was observed in the
infected plant (plant + nematode). The exposure of plants
to stress during root dipping for 45 min. in the bacterial
suspension prior to transplantation caused weakness of
plants sample, which made it impossible to take sample
leaves for protein electrophoresis. We expect that exposure
of the plants to this period of time 45 min. is too much, so
the bacterial suspension does reverse action to the plants.
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Table 4. Densitometric analysis represents leaf water-soluble protein electrophoretic patterns for eggplant under normal and different
applications after two-week application.
B.N

M.W

B after 7 days N after 7 days N+B adding the same Root dipping 30
Untreated plant
Leaf spraying
N
B
time
min
0
0
1
0
0
0
1
1
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
1
1
0
0
1
0
0
0
0
0
1
0
0
0
0
0
1
0
1
1
1
0
1
0
0
0
0
0
1
0
0
0
0
0
1
0
0
1
6
5
11
3
4
6
0 = absence of band
B,N = Band Number
M.W. =Molecular weight

Infected plant

1
140
2
80
3
50
4
46
5
43
6
31
7
33
8
27
9
23
10
22
11
21
12
19
Number of Bands
1 = Presence of band

0
0
0
0
0
1
1
0
0
0
0
0
2

3.3.3. End of the experiment ( after eight weeks)
Electrophoresis patterns for eggplant under normal and
different applications at the end of experiment are shown
in Figure (3) and Table (5). The results showed that most
of the extracted proteins migrated in the range from 151 to
22 kDa. with total number of 10 bands were polymorphic
(100% polymorphism). The highest number of protein
polypeptides was found in (N+B at same time) application
(7 bands), while the lowest number of bands was observed
in the (infected plant) and (root dipping 45 min.
application)
one
band.
Figure 2. SDS-PAGE of leaf water soluble protein electrophoresis
patterns for eggplant under normal and different application after
two weeks
Table 5. Densitometric analysis represents leaf water-soluble protein electrophoretic patterns for one eggplant variety under
normal and different applications after eight- weeks of experiment.
Infected
plant

B after 7
days N

N after 7
days B

N+B adding
the same time

Root dipping
30 min

Root dipping
45 min

Leaf
spraying

Untreated
plant

151

1

0

0

0

0

0

0

0

57

0

1

1

1

1

1

1

1

3

56

0

0

0

1

0

0

0

0

4

44

0

0

1

1

1

1

0

1

5

42

0

0

0

1

1

0

0

0

6

41

0

0

1

0

1

1

0

1

7

29

1

0

0

0

0

0

0

0

8

25

0

0

1

1

1

1

0

1

9

23

0

0

0

0

1

0

0

0

10

22

1

0

1

0

1

1

0

1

Number of Bands

3

1

5

5

7

5

1

5

B.N

M.W

1
2

1 = Presence of band

0 = absence of band

B,N = Band Number

M.W. =Molecular weight
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Figure 3. SDS-PAGE of leaf water soluble-protein
electrophoresis patterns for one eggplant variety under normal and
different application after eight- week of the experiment.

4. Discussion
Plant parasitic nematodes, root-knot nematode
(Meloidogyne incognita), is one of the most important
nematodes associated with low production (Kayani et al.,
2017).
Biological control of plant- parasitic nematodes
through microorganisms offers an alternative or
supplemental management tool to replace chemical
methods. Use of biological control agents is considered to
be innocuous and economically feasible (Mukhtar et al.,
2017). A. xylosoxidans can be considered as a potential
biocontrol agent to control plant pathogens and
improvement of plant growth. These results agreed with
those Vaidya et al. (2001), Forchetti et al. (2007) and
Zhang et al. (2016). Moreover, Zhang et al. (2016) found
that the culture filtrate of A. xylosoxidans (09X01) strain
caused high mortality of the second stage juvenile
nematodes and reduced in vitro egg hatch compared to
control. The present data are in agreement with Soliman et
al. (2017) who reported that applying bacterial suspensions
simultaneously with nematodes and or before nematode
inoculation was more effective in reducing nematodes
infection than in case of adding after nematode inoculation
compared to the infected plant with nematodes and without
bacteria.
The application of A. xylosoxidans (N+B at the same
time) had more effective application in increasing the
length, fresh and dry weights of shoot and root length
compared to other applications and infected plant (plant
+nematodes). The present data agreed with Khan and
Tarannum (1999) who reported that root dip treatment was
relatively less effective in enhancing the plant growth and
yield of tomato compared to soil application. This effect
was due to a higher and more uniform distribution of
bacterial cells in the root zone during the entire growth
period, whereas with root dip treatment, fewer cells may
have remained available to the entire root -system.
Soliman et al. (2017) found the soil where bacterial
suspension was applied simultaneously with nematodes
and or before nematode inoculation was more effective
than adding the bacterial suspension after nematode
inoculation. The used applications recorded a significant

increase in the shoot and root lengths and weights when
compared to untreated control. The results of soluble
protein electrophoresis indicated that the infected plant
(plant + nematodes) gave the lowest number of bands in all
stages of applications (9 bands). Four bands at M.W. 55,
53, 47 and 43 kDa. Were produced by untreated plant in
normal conditions and all application but were absent from
infected plant, which indicates the negative effect of
nematodes on the infected plant and its inability to produce
important proteins for its growth and development in the
absence of the bacterium bio-agent. This indicates the
importance of applying the bacterium strain A.
xylosoxidans which helped the plant to produce these
important proteins, and the effectiveness of the application
was clear in increasing the length, fresh and dry weights of
shoot and root length which had high records more than
records with infected plant. On the other hand, the
application of A. xylosoxidans (N+B at same time) showed
the highest number of bands in all total stages of
experiment (26 bands), three of them at M.W. (140, 27, 21
kDa. respectively) were unique bands and appeared after
two weeks but were not detected in untreated plant and the
rest of applications. We suggested these bands may be
related to gene resistance in plant. The results of
electrophoresis coincided with those of greenhouse
experiments where bacteria (A. xylosoxidans) strain was
applied as a bio-agent against nematodes infecting
eggplant. The application of A. xylosoxidans was generally
effective and had achieved reduction of the number of
second-stage juveniles in the soil, gall number and number
of egg-masses. In addition, this application gave clear
increasing in shoot and root lengths and fresh and dry
weights compared with the infected plant. The treatment of
A. xylosoxidans (N+B at the same time) was the most
effective application which achieved reduction of 79.80%,
71.09% and 78.26% in the number of second-stage
juveniles in the soil, galls number and number of eggmasses, respectively. Moreover, the data revealed that the
application of A. xylosoxidans (N+B at the same time)
achieved clear increasing in length, fresh and dry weights
of shoot and root length were recorded 58.57%,120.30 %,
130.26% and 93.33%, comparedg with the infected (plant
+ nematodes).
Finally, the increase or decrease in number of protein
bands refers to the induction or inhibition of the resistance
genes and this change was reflected on plant growth. This
result agreed with results obtained by (Faw and Jung, 1972
and Cloutier 1983) who found that the amount of soluble
protein increases in desiccation-hardened plants and
undergoes changes in electrophoretic mobility detected
quantitative changes in the electrophoretic patterns of the
soluble proteins of different cultivars grown in different
environments; and agreed with those of (Ghasempour and
Maleki 2003). The bands obtained might be proteins or
enzymes. Bio-stress, due to hormonal changes could cause
protein synthesis and enzymatic shifts. The result agreed
with those of Vyomesh et al
2018 who detected
increasing number of bands in both the cultivars upon
transition from control to stress environment and resistant
cultivar showed more number of bands as compare to
susceptible cultivar
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5. Conclusion
In conclusion, the best application of the bacterium
strain A. xylosoxidans when added with the nematode
Meloidogyne incognita at the same time, followed by add
nematodes (N) after seven days from the A. xylosoxidans
(B) inoculation, (N after 7days B). This application
improved its efficiency as a bio-agent compared to other
applications, and could be used as a safe biological
alternative to chemical nematicides for suppressing root
knot nematode reproduction and improving plant growth
parameters.It was found that the best time to study protein
bands which produce under nematodes stress and
application was after one and two weeks.
Practically, the authors recommend applying the bioagent A. xylosoxidans as soil drench at the time of
planting or transfer of plant for protection against
Meloidogyne incognita infection.
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Abstract
Carnivore populations in Jordan are on the decline due to continuous habitat loss, fragmentation, and human persecution.
Monitoring movement patterns and habitat preferences through noninvasive methods is important to plan effective
conservation programs within protected areas. We conducted a camera trap survey of carnivores in Al Mujib Biosphere
Reserve, an arid sandstone habitat in southwestern Jordan. Six species were detected: the red fox, caracal, Afghan fox,
striped hyena, grey wolf, and the wild cat. Detection of carnivores was higher at night, yet several were active during the
day. Captures were also highest within the wilderness zone of the reserve. Most species showed higher preference for wadi
systems which provided corridors for movement across their wide ranges and for stalking prey. This is the first study to
monitor carnivore distribution and habitat use within protected areas in Jordan using noninvasive survey methods. It
provides crucial data through relatively rapid means to assess reserve effectiveness and guide management efforts such as a
land use planning within the reserve.
Keywords: camera trapping, carnivores, habitat use, Al Mujib Biosphere Reserve, Jordan, protected area.

1. Introduction
With the current advances in measuring and monitoring
mammalian diversity, noninvasive techniques have been
developed to reduce disturbance and document the
presence of trap-shy and rare species (Kelly et al., 2012;
Kays and Slauson, 2008; Long et al., 2008; Saleh et al.,
2018). Remote camera trapping is considered an excellent
tool for estimating species richness and abundance, habitat
use, activity pattern, behavioral ecology and population
dynamics (Trolle and Kery, 2005; Lyra-Jorge et al., 2008;
Rowcliff and Carbone, 2008; Rowcliffe et al., 2008). It
can also provide valuable information for evaluating
conservation efforts (Tobler et al., 2008; Balme et al.,
2009). The method proved to be useful for studying
mammals within protected areas in the Middle East
(Cunningham and Wronski, 2009; Abi-Said and Amr,
2012; Ahmed et al., 2016) and provided an exciting
transition in wildlife survey methods (Burton et al., 2015).
The carnivores of Jordan were studied extensively over
the past three decades using conventional observational
and capture methods (Qumsiyeh et al., 1993, Amr et al.,
1996; Bunaian et al., 2001; Abu Baker et al., 2004; Qarqaz
et al., 2004). Yet, no studies were conducted to monitor
the distribution and habitat use of carnivores within
protected areas using noninvasive methods. The present
study provides crucial preliminary data on the distribution
and habitat use of carnivores in Al Mujib Biosphere
Reserve in the context of the reserve zoning plan. The
study aims to address the relationship between the degree
*
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of protection and the diversity of carnivores in protected
areas.
2. Material and Methods
2.1. Site Description
The study site covered an area of approximately 85
km2 from the western lower part of Al Mujib Biosphere
Reserve. The Reserve is located at the shoreline of the
Dead Sea covering an area of 212 km2. The highest
elevation of the study site starts at 260 m at the eastern site
and continues west to reach -420 m below sea level at the
western border of the reserve. The reserve is located at the
lowest elevation on earth within the Sudanian Penetration
biogeograpical zone and is characterized by hot summer
and warm winter. Three vegetation types dominate the
study site including the saline vegetation, the semitropical
vegetation, and the water vegetation in the wadis (AlEisawi, 2014). The site is dominated by sandstone
escarpments characterized by deep slopes and hard terrain
especially at the eastern parts, intermixed toward the
north-west with large amount of sedimentary hells of
Tethys origin locally known as Sab’e Al-Wedyeh (the
seven wadis). Nine wadis cross the study area from east to
west: Wadi Al-Mujib is one of the oldest wadis at the
eastern site of the Rift Valley (Barberi et al., 1979; Abed,
2000). Other wadis include Zarga Maine, Zara, Zgara,
Atoun, Abu Irtimeh, Um Ghreiba, Hidan, Um Zghaib, and
Shgaig.
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The biosphere reserve is governed by a zoning plan that
fits with the biosphere designation. Three different zones
were identified according the their accessibility and use:
Intensive use zone at the outer edge of the reserve, semiintensive use zone that acts as transitional zone between
the semi intensive and the core wilderness zone, and the
core wilderness zone where minimum use is practiced
except for conservation of wildlife (Figure 2).
2.2. Camera Trapping
Thirty-one Browning Trail Cameras (BTC-6hd) were
used during the study period between September 2015 and
May 2016. Camera setting mode was set for three photos
at each trigger, with five seconds delay between events day
and night. Cameras were installed in rock crevices about
one meter above ground. Cameras were placed within
three designated land use zones in the reserve: 13 in the
wilderness, seven semi-intensive use, eight in the intensive
use area, and 3 between the wilderness and the semi
intensive use zones as shown in Table 1. Animal diversity
was calculated using the number of camera trap photos as
an estimate for its abundance and the total number of
species captured by each camera as an estimate for species
richness in the camera site. Species diversity was
calculated using Simpson’s Diversity Index (SDI). The
number of trap nights in each site was used to control for
the variation in the effort between the sites.

Table 2. Frequency of carnivores photo-trapped in Al Mujib
Nature Reserve.
Species

No. of photos

%

Vulpes vulpes

49

73.13

Vulpes cana

5

7.47

Canis lupus

2

2.98

Caracal caracal

6

8.95

Felis silvestris

1

1.50

Hyaena hyaena

4

5.97

Table 1. Description of sites and number of cameras used in Al
Mujib Biosphere Reserve.
Site
Wadi Abu
Nkhalah
Al Addadeh

No. of
cameras
1
1

Al Menqat'ah

2

Marah
Qanani al
Hirbah
Qullat Awad

4
1
2

Raddas vicinity 4
Seba’a Wedyeh 1
Um Skhaib

5

Description
Wadi with dense vegetation wide
about 4-8 m wide
Mountain ridge, with steep cliffs
facing west, hard terrain intermix
with rich vegetation
Mountain ridge overlooking the
Mujib wadi system
Open area
Cliffs with erosion
Highest peaks on the western side
sand stone
Open rocky area
Sedimentary hills extending from
east to west
Sand stone out crops, deepest
wadis with sharp mountain ridges

3. Results
3.1. Species Diversity and Spatial Distribution
The results of camera trapping lasted for 5202 trapping
nights, with a total of about 40,000 photos. They were
filtered to 2947 informative photos, with only 67 photos
for wild carnivores.
A total of six species of wild carnivores were
documented in Al Mujib Biosphere Reserve (Figure 1,
Table 2), including three canids, two felines and one
hyena. During the study period, a total of 67 photos were
captured. By far, the red fox, Vulpes vulpes, was the most
captured species with 49 observations (73.13%), while the
wild cat, Felis silvestris, was the least species with a single
observation (1.5%).

Figure 1. Carnivores captured by camera traps in Al Mujib
Biosphere Reserve. A. Vulpes vulpes in Al Menqat'ah. B. Vulpes
cana in Um Skhaib. C. Canis lupus in Um Skhaib. D. Hyaena
hyaena in Al Menqat'ah. E. Caracal caracal in Wadi Abu
Nkhalah. F. Felis silvestris in Wadi Abu Nkhalah.

Detection of carnivores was higher at night, yet several
were active during the day. Vulpes vulpes was encountered
in all types of habitats including open areas and wadi
systems. It was found in photo-trapped in 18 locations
representing all zones of land use (intensive and semiintensive, wilderness use). Vulpes cana was photographed
in four locations around sandstone mountains and cliffs,
three and one in the wilderness and intensive zones
respectively. The wolf, Canis lupus, was found in two
locations in the wilderness zone. Caracal caracal was
located in only one site at the edge of both wilderness and
intensive zones. It was photographed along wadi systems
that are used by the ibex with relatively rich vegetation
cover. Hyaena hyaena was spotted in three sites; two
within the wilderness zone and one in semi-intensive zone.
Species diversity was highest (SDI 0.24-0.5) in the
wilderness zone (Al Mrah, Qanani al Hirbah), and the least
in the intensive use zone (SDI 0-0.095). Fourteen cameras
recorded only one species; seven in the wilderness, two in
the semi intensive, three intensive and two at the edge of
both wilderness and semi intensive zones. Six cameras
photographed two species; three in the wilderness, two in
the semi intensive and one in the intensive zones.
Variation in species diversity among the different land use
zones is expressed in Figure 2.
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Figure 2. Heat map showing carnivores species diversity in Al
Mujib Biosphere Reserve according to zones.

3.2. Seasonal activity patterns
Seasonal activity patterns and diversity of carnivores
throughout the study period was highest during the cold
winter months (Table 3). Between December and March,
3-5 species were detected, whereas only two were trapped
between September and November. The red fox, V. vulpes,
was recorded throughout the study period. The caracal was
observed in the coldest months of the year, with highest
number (3) of observations in March.
Table 3. Seasonal activity patterns of carnivores at Al Mujib
Biosphere Reserve though out the study period.
Month

C.
caracal
January
1
February 1
March
3
September 0
October
0
November 1
December 0

C.
lupus
0
0
1
0
0
0
1

F.
silvestris
0
1
0
0
0
0
0

H.
hyaena
1
1
0
1
0
0
1

V.
vulpes
5
1
3
3
16
11
10

V.
cana
0
1
0
0
4
0
0

4. Discussion
The present study documents the presence and
distribution of carnivores in Al Mujib Biosphere Reserve.
Evidently, the red fox, V. vulpes was the most common
species. This species has a wide spectrum of diet and can
survive in all types of habitats in Jordan. Similar results
were obtained in the eastern desert and Dana Biosphere
reserve (Amr et al., 1996; Bunaian et al., 2001). Vulpes
cana is associated with sand stone habitat, and was
previously reported from around sharp edges and cliffs of
different altitudes of Paleozoic sandstone mountains in Al
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Mujib Biosphere Reserve, whereas only six individuals
were captured during 461 trap nights (Abu Baker et al.,
2004). Detection by camera traps suggests that most
species showed higher preference for the wadi systems and
secluded canyons which provided corridors for movement
across their wide ranges and for stalking prey. It seems
that the reserve is used by both C. lupus and C. caracal as
feeding grounds, as they ascend from the rocky areas to
the west, where they seek large mammals as the Nubian
ibex, Capra nubiana. The ibex population in Al Mujib
Biosphere Reserve is one of the healthiest and most
protected in Jordan. Both predators have a wide home
range; 34.6 ± 19.5 km2 for C. lupus (Hefner and Geffen,
1999) and 270-1116 km2 for C. caracal (van Heezik and
Seddon, 1998).
Habitat use and distribution of carnivores can be used
to measure management effectiveness within protected
areas due to their important role in terrestrial ecosystems
and sensitivity to man-made threats such as poaching and
habitat loss (Li et al., 2012). Spatial patterns in species
diversity drawn from camera trap photos can be used to
guide conservation efforts and reserve effectiveness when
quantified on spatially explicit maps. The zoning and the
degrees of protection have advantages for conserving
carnivores by reducing the costs of intensive conservation
measures to limited areas, and can provide simple
managements procedures in areas of conflicts (Linnell et
al., 2005). The current zoning of Al Mujib Biosphere
Reserve reflects the effect of conservation on the diversity
of carnivores, where the highest diversity was found
within the wilderness zones, and the least in the intensive
use areas (Fig. 2). In the wilderness zone, no human
activities are allowed except for patrolling and research,
thus more conservation efforts are implemented, while in
the intensive zone, tourism and grazing are allowed. The
semi intensive zone is open for eco-tourism only with low
patrolling efforts. Conflicts with humans should be
minimized in order to protect some of the endangered
species of carnivores such as the caracal. This was also
observed by Johnson et al. (2006) and Carter et al. (2012),
where they reported that abundance of Panthera tigris was
related human population and disturbance.
Long-term use of camera-traps proved to be an
excellent tool for wildlife monitoring as it can provide
quantitative data on spatial patterns of habitat use. This
approach can effectively quantify species diversity and
habitat use on spatially explicit maps to develop
recommendations for managers to improve the degree of
protection and land use within protected areas.
Noninvasive studies are especially useful in arid
environments where animals are rare and disperse over
wide ranges. Camera-trapping surveys may be the most
effective method in detecting carnivore species (Gecchele
et al., 2017). Comparative studies in other protected areas
in Jordan should be carried out to relate the effect of
conservation and zoning on wildlife.
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Abstract
The nutritional composition of an edible green seaweed Codium intricatum Okamura was evaluated, including its potential antioxidant
and antibacterial properties. Results showed elemental distribution to be in decreasing order of Na > K > Ca > Mg > Fe > Mn > Pb > Zn >
Cu > Cd > Cr. Proximate composition of C. intricatum showed high ash and carbohydrate content with estimated value of 37.16 ± 0.21%
and 32.16 ± 0.29% respectively. Relative antioxidant efficiency of C. intricatum exerted radical scavenging activity in a concentrationdependent manner with EC50 value of 40.79 ± 0.015 mg GAE/ml. The tested algal extract exhibited radical scavenging activity that is
correlated positively and dose-dependent to its phenolic concentration. Methanol extract of C. intricatum showed an extended spectrum of
inhibitory activity against Gram-positive drug-resistant bacterium, Methicillin-Resistant Staphylococcus aureus (MRSA) with MIC and
MBC of 250.00 and 500.00 μg/ml, respectively. It was moderately active against Penicillin–acylase producing Bacillus cereus and
Listeria monocytogenes, each with MIC of 250 μg/ml. Minimum bactericidal concentration of 1000 μg/ml was observed for each of the
test organisms. However, no inhibitory effect was observed among the tested Gram-negative bacterial pathogens. This study presented the
nutritional profile and functional properties of C. intricatum, which make it a good alternative source of compounds possessing diverse
bioactivities with prospective usage in the pharmaceutical and food industries.
Keywords: antioxidant activity, biological activity, Codium intricatum, Ilocos Norte, polyphenols, proximate analysis, seaweed

1. Introduction
Seaweeds are known in producing several macronutrients
(lipids, proteins, carbohydrates, fibers and the like),
micronutrients (minerals and vitamins) and other important
biologically active compounds (e.g. polyphenols, enzymes, and
antibiotics) with potential pharmacological uses (Arguelles et al.,
2019a; Ortiz et al., 2006; Muraguri et al., 2016). Analysis of
elemental composition and phytochemicals in some seaweed
plays a determining role in assessing their nutritional
significance. Macroalgae contain high amounts of ash, showing a
substantial concentration of macro and micro minerals (Reka et
al., 2017). The total elemental composition of seaweed is
reported to have an estimated amount of 36% (of its total dried
biomass), which is composed mainly of macro-minerals
(magnesium, potassium, chloride, sodium, phosphorus, calcium,
and sulfur) and micro minerals (copper, iodine, fluoride, zinc,
molybdenum, iron, selenium, manganese, nickel, cobalt and
boron) (Niranjan & Kim, 2011; Reka et al., 2017). These
minerals comprise an addition of up to sixty more trace elements
and in much higher amount in comparison to other edible
terrestrial plants, thus making these organisms potential dietary
food supplements to regulate human nutrition and health
*
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(Kannan, 2014; Reka et al., 2017). In the Philippines, few reports
are available on the role of micro and macronutrients in edible
seaweeds. The relation between elemental content of seaweeds
and their curative ability is not yet properly explained in terms of
modern pharmacological concepts. Therefore, it is necessary to
quantify the concentration of various trace elements in assessing
the impact of several edible seaweeds in the treatment of various
diseases to understand their pharmacological action.
Public consumers consider seaweed-derived antioxidants to
be non-toxic since it is naturally occurring and have been utilized
for several centuries (Fu et al., 2015). Seaweed-derived
antioxidants showed a significant part in the prevention of several
persistent chronic illnesses like cancer and Parkinson’s disease
(Fu et al., 2015). Several investigations have shown the
antioxidant potential of seaweeds from various parts of the world
(Muraguri et al. 2016). Some identified antioxidant compounds
from marine seaweeds include phlorotanins, carotenoids,
fucoxanthin, sulphated polysaccharides, catechins, astaxanthin,
and sterols (Tenorio-Rodriguez et al., 2017; Muraguri et al.,
2016; Shipeng et al., 2015; Sabeena Farvin & Jacobsen, 2013;
Cox et al., 2010). In addition, there are reported studies that
describe the antibacterial capability (derived from secondary and
primary metabolites) of seaweeds against medically - important
pathogenic bacteria such as Pseudomonas aeruginosa,
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Staphylococcus aureus, Aeromonas hydrophila, Clostridium
perfringens, Escherichia coli, Klebsiella pneumoniae, and
Enterobacter aerogenes (Arguelles et al., 2019b; Liu et al., 2017;
Ibtissam et al., 2009; Lima-Filho et al., 2002).
Codium intricatum Okamura is a famous edible green
seaweed of family Codiaceae commonly called as “pukpuklo” in
Ilocos Norte, Philippines. Traditionally, this macroalga is utilized
as a vegetable ingredient for food and is noted to have engrossing
medicinal attributes such as immunosuppressive, antioxidant,
cytotoxic, and anti-metastasis activities (Vasquez & Lirio 2020;
Lee et al., 2017; Sanjeewa et al., 2018). However, natural
products from edible seaweeds (such as C. intricatum) are
considered as one of the few studied and underutilized marine
resources in the Philippines. The country’s coastline has plentiful
edible seaweed resources, but only limited effort has been made
to examine the nutritional value, antioxidant, and antibacterial
potential of these organisms for food and pharmacological
applications. In light of the above information, this investigation
was undertaken to evaluate the elemental composition and assess
the antioxidant capacity as well as antibacterial activity of C.
intricatum against selected pathogenic strains of bacteria. Also,
quantification of the total phenolic content of the macroalga and
correlation studies among the phenolic content of the algal
extract and antioxidant capacity were examined.
2. Materials and Methods
2.1. Sample Collection and Extract Preparation
Codium intricatum was collected on 03 December 2018, from
Pagudpud (Lat. 18o 35’ 21.48” N, Long. 120o 47’ 11.04” E),
Ilocos Norte, Philippines. The macroalga was characterized and
identified based on morphological taxonomic features, according
to Algae Base (web site: www.algaebase.org) and Trono (2004).
The macroalga was rinsed with sterile tap water to remove
contaminating epiphytes and salts and further washed with
sterilized distilled water. The alga was dried under shade for 10
days and crushed in a mixer grinder until a coarse powder was
obtained. The seaweed powder (1 g) was successively treated
with 30 mL methanol in a water bath for 30 minutes with stirring
(for 1 hour). The extract was then concentrated via centrifugation
at 10,000 rpm at 20 oC for 20 minutes. The liquid extract was
collected using a rotary vacuum evaporator and kept under
refrigerated conditions at 4 °C until other assays were conducted
(Arguelles, 2018).
2.2. Proximate Analysis
The protocol employed for the quantification of percent crude
protein, moisture, ash, crude fat, total carbohydrates, and crude
fiber were based on AOAC (2011). Proximate composition
analysis was performed in triplicates, and biochemical values are
presented as means in the results (Arguelles et al., 2018).
2.3. Elemental Composition Analysis
The dried powder of C. intricatum was subjected to elemental
composition analysis following standard procedures (AOAC,
2011) for the detection of Potassium, Magnesium, Sodium,
Manganese, Calcium, Iron, Zinc, Copper, Lead, Chromium and
Cadmium using Atomic Absorption Spectrophotometer Perkin
Elmer AAnalyst 400.

2.4. Test Microorganisms
Test microorganisms such as Gram-positive bacteria
(Penicillin-Acylase producing Bacillus cereus BIOTECH 1635,
Methicillin-Resistant Staphylococcus aureus BIOTECH 10378,
Listeria monocytogenes BIOTECH 1958, Streptococcus mutans
BIOTECH 10231) and Gram-negative bacteria (PenicillinAcylase producing Escherichia coli BIOTECH 1634, Salmonella
typhimurium BIOTECH 1826, Aeromonas hydrophila BIOTECH
10089 and Pseudomonas aeruginosa BIOTECH 1824) were used
in the study. All test organisms were obtained from the Philippine
National Collection of Microorganisms (PNCM), National
Institute of Molecular Biology and Biotechnology (BIOTECH),
University of the Philippines Los Baños.
2.5. Micro-dilution Antibacterial Assay
The minimum inhibitory concentration (MIC) of the algal
extract was determined using two-fold serial dilution technique
following the protocol done by Arguelles (2018). Bacterial
culture suspension (1x 105 cells/ml) was prepared for microdilution assay against C. intricatum extract. The bacterial
suspension (100 μl) was diluted and inoculated to 100 μl of algal
extract distributed in a clear 96-well microtiter plate in different
dilutions starting from 1000 to 7.8125 μg/ml. In this assay,
methanol was also used in the experimental set up as negative
control. The seeded plate was kept at 35oC for 12 hours, after
which the MIC was noted. The MIC is described as the minimum
amount of the tested algal extract that inhibited bacterial growth
following a 12-h incubation period. The absence or presence of
bacterial growth in microtiter plates was evaluated after the
incubation period. The MIC of the algal extract at which no
visible bacterial growth was detected was noted as the MIC for
the extract–bacteria combination under consideration. As for the
controls, the MIC of tetracycline against each bacterial species
was also determined.
The minimum bactericidal activity (MBC) was noted by
inoculating a loop of the sample in microtiter plate wells that
exhibited no evident growth from the MIC assay onto a tryptic
soy agar (non-selective, rich culture media) plates. The plates
were stored at 35°C for 24 hours and were evaluated for visible
colony growth or lack of bacterial growth for each dilution
subculturing being considered. Lack of growth confirms that the
seaweed extract was bactericidal at that particular dilution.
Bacterial growth on agar plates shows that the sample was
bacteriostatic at that dilution. The lowest concentration of the
algal extract exhibiting no visible growth of the bacterial
pathogen on agar was noted as the minimum bactericidal activity
(MBC) value (Arguelles & Sapin, 2020).
2.6. Determination of Total Polyphenolic Content
The total phenolic compound present in C. intricatum extract
was calculated by Folin-Ciocalteu method following the protocol
done by Nuñez Selles et al., (2002). C. intricatum extract was
diluted with sterile distilled water. Aliquot of about 0.5 ml of
Folin-Ciocalteu’s reagent and 0.5 ml of 10% Na2CO3 solution
was placed to 0.5 ml of the diluted seaweed extract and were
thoroughly mixed in a test tube using a vortex mixer. The
mixture was kept for 5 minutes, and 5 mL of sterile water was
added to each of the solutions. Spectrophotometric readings were
done using a Shimadzu UV-1601 spectrophotometer at 720 nm
wavelength with reagent plus water as the blank sample
(Arguelles & Sapin, 2020). Construction of the calibration curve
was done using gallic acid as the standard, and gallic acid
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equivalent (GAE) was utilized to show the total phenol content in
C. intricatum extract.
2.7. DPPH Radical Scavenging Assay
The test for antioxidant activity of C. intricatum was done
following the method proposed by Ribeiro et al., (2008) using
2,2-diphenyl-1-picrylhydrazyl (DPPH) with few modifications.
Aliquot of 100 μl of C. intricatum extract was mixed with 5.0 ml
of 0.1 mM DPPH methanolic solution. The solution was
thoroughly mixed by a vortex mixer and set aside at 30 oC for 20
minutes. The absorbance readings of the tested sample solutions
were done using a Shimadzu UV-1601 spectrophotometer at 517
nm wavelength. The amount of inhibition was evaluated using
the mathematical expression used by Ribeiro et al., (2008).
Inhibition (%) = [(A control - A sample) / A control ] × 100
Where: A sample = absorbance reading of the seaweed extract
(DPPH solution and test extract) and A control = absorbance
reading of the control (DPPH solution only). In this investigation,
gallic acid served as a positive control. The antioxidant activity
of the seaweed extract was determined and noted as EC50 value
(the amount of the seaweed extract showing 50% scavenging
activity of DPPH radical expressed in μg/ml).
2.8. Statistical analyses
The data obtained from the experimental set-ups were given
as means ± standard deviations (mean ± SD) of three
simultaneous experimental readings. Estimation of the linear
correlation coefficient and evaluation of the correlation analysis
were done using MS Office Excel 2007.
3. Results And Discussion
3.1. Proximate Composition Analysis
Biochemical composition of C. intricatum collected from
Pagudpud, Ilocos Norte, showed that the biochemical
composition of this seaweed displayed a good nutritional profile
(Table 1). In this study, C. intricatum exhibited high ash and
carbohydrate content with 37.16±0.21% and 32.16±0.29%
respectively. The total amount of ash observed in the seaweed
sample was almost similar to ash content reported for Codium
geopiorum (37.96 ± 0.05) but is higher to Codium fragile (21.79
± 0.52). On the other hand, other species, such as Codium
dwarkense have relatively higher crude ash content (in
comparison to Codium intricatum) with an estimated value of
69.94 ± 0.11% (Mwalugha et al., 2015; Turan et al., 2015). High
concentration of ash would mean presence of considerable
concentration of macro (such as magnesium, phosphorus,
potassium, sodium, chloride, calcium, and sulfur) and micro
minerals (such as copper, iodine, zinc, molybdenum, iron,
selenium, manganese, cobalt, nickel and boron) present in C.
intricatum biomass (Niranjan & Kim, 2011; Reka et al., 2017).
Carbohydrates are regarded as the most significant biochemical
component in seaweeds for the reason that it serves as the
primary source of energy to execute important metabolic
processes in the alga (El-Manawy et al., 2019). The carbohydrate
content obtained from C. intricatum is significantly higher
compared to some of the seaweeds (Hormophysa cuneiformis and
Padina boergesenii) obtained from the Red Sea coast in Egypt
but is lower than C. fragile obtained from the coastline region of
Northern Chile (El-Manawy et al., 2019; Ortiz et al., 2008). On
the other hand, Akhtar & Sultana (2002) observed similar
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carbohydrate content range for other known seaweeds such as
Caulerpa sp. (32.9%) and Sargassum sp. (32.3%).
Table 1. Proximate composition of Codium intricatum Okamura.
Proximate Composition

Percent Composition (%)*

Moisture Content

12.34±0.12

Ash Content

37.16±0.21

Crude Protein

5.03±0.05

Crude Fat

2.17±0.17

Crude Fiber

11.14±0.32

Carbohydrate

32.16±0.29

* All values are reported as mean ± standard deviation (n = 3)

Proteins are also considered as one of the principal constituent
in the proximate analysis of C. intricatum showed in the study. In
collation with other Codium species, the protein content of C.
intricatum (5.03±0.05%) is within the reported range (Mwalugha
et al., 2015; Ortiz et al., 2008). However, the protein
concentration of C. intricatum is relatively lower than the
reported protein contents of other brown (Dictyota cervicormis,
Dictyota bartaynesiana, Sargassum cristaefolium, and
Spatoglossum asperum) and red (Acanthophora spicifera,
Hypnea musciformis, and Gracilaria arcuata) seaweeds
(Mwalugha et al., 2015). The total amount of protein in
macroalga changes not only among species of certain genera of
seaweeds but also between habitats and maturity level (Fathy,
2007). Variations in the biochemical constituents of seaweeds are
attributable to environmental factors (salinity, temperature, and
dissolved oxygen) and seasonal differences. Generally, seaweeds
contain a low concentration of lipids ranging from 0.92 to 5 % of
the total algal biomass (Schmid et al., 2014; El-Manawy et al.,
2019; Arguelles & Martinez-Goss, 2020). The lipid content
obtained for C. intricatum is within the reported range, with an
estimated value of 2.17±0.17%. On the other hand, the average
amount of dietary fiber in seaweeds varies from 9 to 21% of the
total dried algal biomass (Mwalugha et al., 2015). C. intricatum
showed a total crude fiber content of 11.14±0.32%, which is
within the range of those reported crude fiber content of red,
brown, and green seaweeds. Moisture content gives information
about the storage/shelve life of food products. The moisture
content for commercially dried seaweeds should be maintained
between 15 to 35% and must remain stable even below 15%
(Blakemore, 1990). The result of the proximate analysis for
moisture content of C. intricatum (12.34±0.12%) suggests its
stability during storage and marketing. This study presents
preliminary data regarding the biochemical composition of C.
intricatum obtained from the coast of Ilocos Norte, Philippines.
Results of the proximate composition of C. intricatum suggest
that it could be an excellent source of carbohydrates, ash, and
crude fiber.
3.2. Elemental Composition Analysis
Seaweeds contain a high concentration of minerals because of
the diverse kinds of substances they absorb from the marine
habitat where they grow and proliferate (MacArtain et al., 2007).
Ash content of edible seaweeds is usually considered as a
benchmark of quality for the evaluation of the nutritional and
bifunctional properties of the edible alga (Reka et al., 2017). C.
intricatum possesses a high amount of ash, up to 37.16±0.21%, in
the dried algal biomass. The average concentration of some
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important minerals in Codium intricatum is presented in Table 2.
The elemental distribution in C. intricatum was observed to be in
decreasing order of Na > K > Ca > Mg > Fe > Mn > Pb > Zn >
Cu > Cd > Cr. High concentration of sodium (174,900 ± 0.88
ppm) followed by potassium (75,680 ± 4,187 ppm), calcium
(55,081 ±4,289 ppm) and magnesium (13,941 ± 861 ppm) were
observed in the algal biomass. The high level of sodium in C.
intricatum biomass (Table 2) is similar to the findings reported in
seaweeds such as Fucus vesiculosus, Halimeda opuntia,
Gracillaria corticata, and Turbinaria artriquetra (Balina et al.,
2016; Omar et al., 2013). The current consumption of sodium in
some of the local foods in the Philippines is far beyond the
recommended concentration levels. Thus, consumption of this
edible seaweed (with high sodium concentration) can contribute
to a greater intake of sodium, thus causing health-associated
diseases such as hypertension. This attribute may, nevertheless,
be favorable if considering C. intricatum as a replacement of salt
in several processed meat foods, for the reason that its rich
mineral content can help in maintaining the salty taste of food
without adding table salt (NaCl) (Circunsisão et al., 2018).
Recent studies show the formulation of processed meat products
(such as frankfurters and meat patties) fortified with seaweeds
(such as Porphyra umbilicalis, Himanthalia elongata or Undaria
pinnatifida) targeting the decrease of the use of traditional salt
(NaCl) and enhancing its mineral composition and content
(López-López et al., 2011; López-López et al., 2009). Potassium
is the second most abundant mineral element in C. intricatum,
which is higher than that obtained by Omar et al., (2013) from
seaweeds (Halimeda opuntia, Gracillaria corticata, and
Turbinaria artriquetra) at the Southern coast of Jeddah in Saudi
Arabia. The abundance of potassium in this edible macroalgae is
good in preventing potassium related diseases such as
hypokalemia. The third most abundant element in the algal
biomass is calcium. C. intricatum can be regarded as a suitable
mineral source of calcium for the maintenance of the proper
functional role of some important processes in the human body
(such as glandular secretion, muscle contraction and nerve
transmission) as well as resolve vascular vasodilation and
contraction (Ooi et al., 2012). High concentration of calcium was
also noted by MacArtain et al., (2007) in Ulva lactuca (a green
seaweed) and proved to have higher concentration as compared
to calcium concentration present in other terrestrial foodstuffs
(MacArtain et al., 2007). Furthermore, C. intricatum can also be
considered as a good alternative source of magnesium since high
concentration of the element was also observed in the macroalga.
Magnesium supports the proper functioning of the immune,
muscular, and nervous system. This trace element fortifies bones,
control blood pressure and sugar as well as protein synthesis.
However, high magnesium intake can cause a lowering of blood
pressure, reduced kidney function, diarrhea and cardiac arrest
(Jahnen-Dechent & Kettleler, 2012).
Trace microelements are metal constituents that are divided
into two main subclasses. The first group includes cobalt, copper,
iron, manganese, and zinc, which are important to the human
body for the proper functioning of biochemical processes but can
be toxic at very high concentrations. On the other hand, the
second group includes mercury, cadmium, chromium, and lead,
which are metals that do not have a biological function and
includes critical metallic chemical contaminants in the marine

ecosystem (Omar et al., 2013). Manganese was noted in the
biomass of C. intricatum (32.40 ±1.67 ppm) in significant
amount but is lower than that obtained by Balina et al., (2016)
from Fucus vesiculosus (1680 ppm). Based on the result, this
edible seaweed can also be used to supplement manganese in
food which is important in controlling blood sugar levels,
formation of bone and tissues as well as prevention of diseases
(diabetes, osteoporosis, arthritis and epilepsy) (Nielsen, 1999).
Iron deficiency is a frequent problem affecting several people
globally. Limitation of iron can result in chronic infections and
bleeding, as well as a deficiency in folic acid, vitamin A and
vitamin B12. The high concentration of iron observed in C.
intricatum (290.53 ±24.74 ppm) suggests that the edible seaweed
can serve as an excellent alternative source of dietary iron to
address iron deficiency (Ooi et al., 2012). Zinc and copper are
important metallic chemical elements that are required at most in
minimal concentration by humans for the proper function of
some important biochemical processes in the body. Zinc acts as a
stimulus for the formation of metallothionein that possesses a
strong affinity for copper, which hampers systemic assimilation
of copper inside the cells of the intestine (Ooi et al., 2012). C.
intricatum contains minimal amounts of copper and zinc that can
be used as a source of food to address copper-zinc deficiency and
disparity. The amount of copper and zinc obtained in this study is
lower than that obtained from F. vesiculosum with copper and
zinc concentration of 12.7 ppm and 89 ppm, respectively (Balina
et al., 2016). Chromium, cobalt, and copper are three
microelements that support important biological processes in the
human body. Chromium is a mineral that helps in the regulation
of blood sugar and pressure levels as well as the normal
development of body muscle (Nriagu, 1988). On the other hand,
cobalt is an important microelement needed for vitamin C and
vitamin B12 synthesis. This mineral helps in the normal cardiac
functioning of the human body and facilitates iron absorption
within the body (Kazantzis, 1981).
Copper is important in the synthesis of phospholipids and
hemoglobin as well as helping in the production of melanin
pigment for the skin (Uauy et al., 1988). C. intricatum contains
these microelements in considerable amounts (Table 2) and thus
serves as a potential natural source of these important nutrients.
Toxic microelements such as cadmium and lead, if present at
minimal concentrations, can be detrimental to human health.
These elements are not needed in the proper functioning of the
body. Thus, non-inhalation and non-ingestion of these
microelements are encouraged for the reason that serious toxic
poisoning can result in death (Kisten et al., 2017). Cadmium,
although not considered essential, helps in the proper functioning
of important internal organs such as kidney and liver. However, it
is also considered toxic in high amounts, causing damage to
important organs (kidneys, liver, and lungs), diarrhea,
cardiovascular problems, anemia, and severe damage to the brain
(Bernard & Lauwerys, 1986). On the other hand, lead is noted for
its importance in the normal brain, bone, and muscle functions
but has also been known to cause seizures, kidney failure, comas,
anemia, and heart attacks (Schroeder & Tipton, 1968). C.
intricatum revealed the presence of these microelements but in
amounts that are not toxic and confirms the nutritional potential
and benefit of this edible seaweed.
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Table 2. Concentrations of macro and micro-elements of Codium intricatum Okamura.
Elemental Parameter*
Seaweed

Codium
intricatum

Ca

Mg

Na

Mn

K

Fe

Zn

Cu

Pb

Cr

Cd

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

55,081
±4,289

13,941 ±
861

174,900
±0.88

32.40
±1.67

75,680
±4,187

290.53
±24.74

4.65
±0.25

2.27
±0.08

6.47
±0.25

0.84
±0.03

1.70
±0.04

* All values are reported as mean ± standard deviation (n = 3)

C. intricatum is potentially a good alternative source of
microelements needed for human health and nutrition.
Differences in the concentration of trace element content in C.
intricatum in comparison to other seaweed species are highly
influenced by several environmental and cultural factors
including: pH, interactions, salinity and interactions among
elements, light intensity, amount of trace elements in water, and
other metabolic influences like dilution of elemental composition
caused by growth and development of seaweed (El-Said & ElSikaily, 2013; Zbikowski et al., 2006). The result of this study
provides baseline information on the nutritional value of C.
intricatum that can be used in the food industry for human
consumption to address nutrient deficiency in the world.

radical scavenging activity at different prepared concentrations of
seaweed extract, and EC50 value of the seaweed extract was
calculated and presented in Table 3. DPPH is a quick method for
evaluating the antioxidant activity by measuring the DPPH
scavenging capability of the extracts. The seaweed extract was
capable of reducing DPPH free radical into diphenyl picryl
hydrazine. DPPH scavenging activity of the extract of C.
intricatum showed that at 53.2 mg GAE/ml concentration, the
maximum antioxidant activity was found to be 63.21 ± 0.21%.
The results of the analysis exhibited that the DPPH scavenging
activity increases when the amount of the seaweed extract is
increased (Figure 1).

3.3. Total Phenolic Content
Several studies have demonstrated that polyphenols are the
primary compounds responsible for the antioxidant activities of
diverse kinds of marine macroalgae (Zhang et al., 2007; Shipeng
et al., 2015). The total polyphenolic content (TPC) in the algal
extract was evaluated using Folin-Ciocalteu method and is given
as mg GAE/g of the dried seaweed biomass (Table 3).
Table 3. Phenolic content and DPPH free radical scavenging activity of
methanol extract of Codium intricatum Okamura.
Seaweed

Solvent
Extractant

Total Phenolic
Content

EC50
(mg GAE/ml)

(mg GAE/g)
Codium intricatum

Methanol

0.934±0.02

40.79 ±0.015

The TPC in the algal biomass is 0.934±0.02 mg GAE/g which
is greater than that obtained from the methanol extracts of other
seaweeds such as Gracilaria bursa-pastoris from Marmara Sea
coast of Turkey with 0.35 ± 0.05 mg GAE/g and Sargassum
horneri from the seacoast of Bijin-do, South Korea with 0.51 ±
0.02 mg GAE/g (Shipeng et al., 2015; Yildiz et al., 2011).
However, higher phenolic concentrations were observed by
Ismail (2017) from three Egyptian seaweeds (Sargassum
linifolium, Corallina officinalis and Ulva fasciata) with
maximum value of 10.35 mg GAE/g, 4.89 mg GAE/g, and 11.95
mg GAE/g dry weight respectively. Variations in the total
polyphenolic contents among species of seaweeds are caused by
several influencing environmental factors like seasonal variation,
physiological condition, and geographical origin (Machu et al.,
2015).
3.4. Antioxidant Activity
Seaweeds are often exposed to stressful conditions because of
exposure to high light and oxygen that results in the emergence
of free radicals; thus, seaweeds form a defense mechanism and
produce substances such as antioxidants (Cox et al., 2010). In
this study, assessment of the antioxidant capacity of the solvent
extract of C. intricatum was established by assessing the DPPH

Figure 1. Correlation between total phenolic content and total antioxidant
activity (DPPH radical scavenging assay) of Codium intricatum.

The results suggested that the algal extracts could inhibit
oxidation through free radical scavenging, which can be
attributed to phenolic compounds that can act as natural
antioxidants. The computed EC50 value of the algal extract is
40.79 ± 0.015 mg GAE/ml. Lower EC50 concentrations are
indicative of high antioxidant activity. In collation to the EC50 of
other edible seaweed such as Enteromorpha spirulina (50.00 ±
0.04 mg GAE/ml), C. intricatum had a comparatively greater
antioxidant activity (Cox et al., 2010). Polyphenolic compounds
are largely distributed in seaweeds, and several factors such as
extraction methods and polarity of solvents used for polyphenol
extraction must also be considered in order to obtain the target
polyphenols in the sample. Generally, polyphenols are usually
soluble in polar organic solvents than in aqueous mixtures of
ethanol, acetone and methanol (Aili Zakaria et al., 2011;
Arguelles et al., 2017).
3.5. Correlation Study Between Antioxidant Activity And Total
Polyphenolic Content
Several studies suggested a direct relationship between the
antioxidant activity and total phenolic content in several species
of seaweeds (Shipeng et al., 2015; Ismail, 2017; Arguelles et al.,
2019b). Nevertheless, other studies show the absence of such a
relationship (Tenorio-Rodriguez et al., 2017). In this study,
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antioxidant activities of the seaweed extract tested follow a dosedependent manner and increased with the increase in the
concentration extract. A strong and direct correlation between
DPPH assay and TPC (R2=0.988) indicated that polyphenols
present in C. intricatum crude extract are involved in antioxidant
activity by scavenging DPPH (Figure 1). Several species of
seaweeds contain active antioxidant compounds such as
flavonoids and polyphenols from which the antioxidant activity
of C. intricatum extract tested in the study could be attributed to
(Farasat, 2013; Fu et al. 2015). Phenolic profiling of the crude
extract is essential to identify the components of active
substances to get a more appropriate correlation among the role
of polyphenols and antioxidant activity (Arguelles et al., 2017).

cell walls (Arguelles & Sapin, 2020). Gram-positive bacteria are
marked by dense peptidoglycan in the outer layer of its cell wall,
while Gram-negative bacteria have composite, multilayered cell
wall structure that makes the entry of bioactive compounds more
difficult (Arguelles & Sapin, 2020).

3.6. Antibacterial Activity
Seaweeds are potential renewable resources of bioactive
compounds with diverse beneficial effects. In the Philippines,
several studies report that bioactive secondary metabolites
isolated from various seaweed exhibit potential for being used as
antimicrobial molecules (Arguelles et al., 2019b; Jerković et al.,
2019; Vasquez & Lirio, 2020; Moubayed et al., 2017).
Nevertheless, the possible use for the biomedical application of
species belonging to the genus Codium has been the least
investigated for their biological activities among all members of
Chlorophyceae (Jerković et al., 2019; Vasquez & Lirio, 2020).
Methanol extract of C. intricatum was subjected to antibacterial
assay against a wide array of bacterial pathogens. Codium
intricatum showed an extended spectrum of inhibitory activity
against Methicillin-Resistant Staphylococcus aureus (MRSA)
with MIC and MBC of 250 and 500 μg/ml, respectively (Figure
2). It was moderately active against Penicillin–acylase producing
Bacillus cereus and Listeria monocytogenes, each with MIC of
250 μg/ml. MBC of 1000 μg/ml was observed for each of the test
organisms. Moreover, no inhibitory effect was observed in S.
mutans and among the Gram-negative bacterial pathogens used
in the study, which is similar to that observed by Lavanya &
Veerappan (2011) as well as Ibtissam et al., (2009) against
Escherichia coli, Pseudomomas aeruginosa and Klebsiella
pneumoniae. However, other studies such as that of Koz et al.,
(2009), antibacterial activity of C. fragile extract against E.
aerogenes, E. coli and B. subtilis was observed. Antibacterial
activity of C. intricatum extract in opposition to S. aureus, and
MRSA is similar to that reported from methanol extracts of three
Codium species (C. tomentosum, C. dichotomum, and C. fragile)
where high inhibitory activity were noted (Ibtissam et al., 2009;
Koz et al., 2009). However, when S. aureus was tested against C.
bursa, no antibacterial activity was observed (Ibtissam et al.,
2009; Jerković et al., 2019). As previously shown in several
studies, antibacterial activity of marine seaweeds inhibited the
growth of a wide array of bacteria. Also, variations in the
inhibitory activity of seaweed extracts against microorganisms
are highly dependent on several factors like habitat and place of
collection, physiological phenomena (developmental stage of the
macroalga), ecological parameters (irradiance and nutrients) as
well as seasonality variations (Salvador et al., 2007). The
findings of the present investigation are analogous to those
observed by Tuney et al., (2006) and Taskin et al., (2001) where
Gram-positive bacteria are, to a greater extent, vulnerable to
seaweed extracts used in their investigation compared to Gramnegative bacteria. The sensitivity of a specific kind of bacteria to
the activity of bioactive substances found in the algal extract is
attributed to the difference in structure and composition of the

Figure 2. Antibacterial activity of Codium intricatum extract.

In the Philippines, no extensive and individual scientific
studies are available, showing the potential antibacterial property
of C. intricatum. This study is the first investigation in the
country about the antibacterial property of C. intricatum against
Methicillin-resistant Staphylococcus aureus, Penicillin-acylase
producing Bacillus cereus, and Listeria monocytogenes. In light
of the recent findings in this study, C. intricatum extract
exhibited the existence of bioactive compounds with promising
antibacterial property against these important pathogenic
bacteria. Further study should be conducted to purify and identify
these bioactive substances.
4. Conclusion
Seaweeds are potential renewable resources that have been
reported to provide several beneficial effects. The elemental
composition and proximate composition of C. intricatum suggest
that the alga has potential food value that can be use in the food
industry. Also, this study concludes that C. intricatum represents
an alternative natural source of polyphenols and other bioactive
compounds for the development and production of novel
antibiotics and natural antioxidants. Further studies should be
conducted to identify the structure and elucidate the mechanism
of action of different biologically active substances present in the
algal extract that showed promising antibacterial activity.
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Abstract
Novel genes have been identified by Genome-wide association studies (GWAS) to be associated with type 2 diabetes
mellitus (T2DM) which have been replicated in different ethnic populations and yielded inconsistent results. We aimed to
study the possible association between glucokinase regulator gene (GCKR), transcription factor 7 like 2 (TCF7L2), Solute
Carrier Family 30 Member 8 (SLC30A8) and insulin like growth factor binding (IGFB) genes polymorphisms (rs 780094, rs
7903146, 12255372, rs 11558471 and rs 2854843) and T2DM in Egyptian people. This case control study was conducted on
228 subjects divided into two groups; the control group which contains 96 healthy individuals and 132 patients with T2DM.
Single nucleotide polymorphisms (SNPs) (rs 780094, rs 7903146, 12255372, rs11558471 and rs 2854843) were detected by
real-time polymerase chain reaction (Rt- PCR). For GCKR gene (rs 780094) the variant T allele was associated with T2DM
(p=0.001) and the frequency of (TT and CT) genotypes vs. CC genotype was significantly higher in T2DM patients than
control (p = 0.001). These genotypes showed higher risk for T2DM (OR = 8.4, 95% CI= 3.2 -22.0 and OR= 5.4, 95% CI=
2.9- 10.0 respectively, p= 0.001). IGFB gene (rs 2854843) showed that the risk of T2DM is increased with TT and CT
genotypes (OR= 13.3, 95% CI=6.26 - 28.4, OR= 3.0, 95% CI= 1.5 – 6.0, respectively, p= 0.001). With regard to SLC30A8
gene (rs 11558471) the only genotype that showed significant association with type 2 diabetes is AG genotype (p=0.01).
Also, we identified strong association between T2DM and TCAGT, TTGTT haplotypes (p= 0.001 and 0.01 respectively).
Conclusion: Our study revealed a significant association between T2DM and TCAGT, TTGTT, TTATT and TCATT
haplotypes.
Keywords: type 2 diabetes mellitus, single nucleotide polymorphisms,haplotype, Polymerase Chain Reaction.

1. Introduction
Diabetes mellitus (DM) is a chronic life-threatening
disease, and it is the second leading cause of death over the
world among adults between age of 35 and 64 years; 1 of
every 10 deaths is caused by DM (El-Lebedy et al.,2014).
DM is one of metabolic diseases caused by impaired
insulin action, insulin secretion or defect in both
mechanisms. The underlining cause of type 2 diabetes
mellitus (T2DM) can be attributed to combination of
increased production of insulin hormone as a
compensatory response to resistance to its action and
inadequate secretory response (Sturgeon et al., 2016);
meanwhile, expansion of low physical activity life style
and obesity increased prevalence of diabetes (Hasan et al.,
2017). On the other hand, genetic factors have an
important role in the development of the underlining
pathology of diabetes (Murea et al., 2012). The rising
prevalence of diabetes highlights the urgent need for
aggressive strategies aimed at the prevention and control
of diabetes (Liu et al., 2015; Guo et al., 2012).
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Establishment of single-nucleotide polymorphism (SNP)
databases, development and improvement of cost-effective
high-throughput genotyping technology, and multi-center
consortium large-scale genome-wide association studies
(GWAS) are effective methods to investigate genetic
susceptibility to T2DM (Xiao et al., 2016). Glucokinase
(GCK), expressed in beta cells of pancreas and in the liver,
is the key enzyme that encodes rate-limiting step of
glycolysis, glucose stimulated insulin secretion and
regulating glucose balance (Wang et al., 2018). The
activity of GCK is controlled by the glucokinase
regulatory protein (GCRP), which binds to GCK. Its
inhibitory effect is antagonized by fructose 1-phosphate
and enhanced by fructose 6-phosphate. The glucokinase
regulator gene (GCKR) encodes GKRP. GCKR(
rs780094) is the most commonly reported SNP that has
been shown by GWAS studies to be associated with
insulin levels, triglycerides (TG), fasting glucose (Wang et
al., 2018), and susceptibility to T2DM (Zhou et al., 2018;
Ma et al., 2016). The transcription factor 7 like 2
(TCF7L2) gene is considered as an important gene of
susceptibility for diabetes in European populations.
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Lyssenko et al.2007 found that SNPs in TCF7L2 gene
(rs12255372 and rs7903146) have strong association with
the risk of diabetes. These gene risk alleles are associated
with β-cells dysfunction of pancreases in all subjects
(Grant et al., 2006).
A number of susceptibility variants for T2DM have
been identified by GWAS. The common alleles of SNPs,
rs13266634(C/T, Arg276Trp), and rs11558471 (A/G) in
the Solute Carrier Family 30 Member 8 (SLC30A8) gene
are found to confer the risk susceptibility in T2DM (Abu
Seman et al., 2015). The genes including SLC30A8
identified by GWAS, however, can only explain
approximately 10% of the overall heritable risk of T2DM,
which challenges our expectations to translate genetic
information into clinical practice (Imamura et al., 2011).
Insulin-like growth factor 2 mRNA (messengerribonucleic acid) binding protein 2 (IGF2BP2) belongs to a
family of IGF2 mRNA-binding proteins that is implicated
in Insulin growth factor 2 ( IGF2) translational regulation,
mRNA localization and turnover (Bell et al.,2013; Dai et
al., 2011). IGF-2 plays a role in glucose homeostasis
through inhibiting the gluconeogenesis by the liver as well
as increasing the uptake of glucose by peripheral tissues
(Zachariah et al., 2007). Several IGF2BP2 gene variants
were identified and investigated for association with
T2DM (Gu et al., 2012). This study identified 4 novel
susceptibility genes associated with T2DM including
GCKR, TCF7L2, SLC30A8 and IGFB. We aim to assess
the association between GCKR polymorphisms (rs
780094), TCF7L2 polymorphisms (rs 7903146 and
12255372), SLC30A8 polymorphisms (rs 11558471), and
IGFB polymorphisms (rs 2854843) and T2DM in Egyptian
people.
2. Materials and Methods
2.1. Studied Population
This study is a case-control study that included 228
subjects. They are divided into 96 apparently healthy
control subjects who were age and sex matched and 132
patients with T2DM. The cases were recruited from out
patients’ clinic of the National Research Centre, National
Egyptian Institute of Diabetes, and Coronary Care Unit
(CCU) of Ain Shams Hospital, Cairo Egypt.
According to American Diabetes Association (ADA)
[American Diabetes Association (2018)]; DM is diagnosed
when fasting blood glucose (FBG) level ≥126 mg/dl and/or
2 hours post prandial (2HPP) ≥200 mg/dl and/or random
blood glucose (RBG) ≥200 mg/dl and/or glycated
heamoglobin (HbA1c) ≥ 6.5 %.
All participants answered a questionnaire used for
collecting socioeconomic data, as well as family history of
diabetes and other diseases. Anthropometric measurements
Table 1: Genotyping SNPs

were performed: weight (kg), height (cm), body mass
index (BMI) (kg/m2), waist circumference (cm) (Ong et
al., 2017).
Hepatic, renal, autoimmune, endocrinal diseases,
metabolic disorders and autoimmune diseases were
exclusion criteria for diabetic patients.
Ethics Committee’s approval and participants’ consents
were obtained.
2.2. Laboratory Investigations
2.2.1. Biochemical markers
Venous blood samples after a 10-hours fasting were
collected from each subject in a sterile EDTA and plain
vacutainer tubes. 2 EDTA tubes blood samples were
collected one of them stored at -20 Co till DNA (double
stranded nucleic acid) extraction for genotyping and the
other used for measuring HbA1c. Blood on the plain tubes
was allowed to clot for 30 minutes, and then centrifuged at
3000g for 10 minutes at- 4 Co. Sera were stored at -20 Co
till time of analysis. Measurement of serum levels of FBG,
lipid profile [total cholesterol (CHO), high density
lipoprotein (HDL) cholesterol (HDL-C ), TG] and HbA1c
were performed on automated clinical chemistry analyzer
(OLYMPUS AU400). Low density lipoprotein cholesterol
(LDL-C) level was calculated using Friedewald formula
(Friedewald et al., 1972).
2.2.2. Genotyping of GCKR, TCF7L2, SLC30A8, and
IGFB SNPs
DNA was extracted using QIA amp DNA Blood Mini
Kits-50-Catalog no. 51104 ( Qiagen ,Hilden, Germany)
according to manufacture instruction . DNA integrity was
determined by 1% agarose gel electrophoresis, stained
with ethidium bromide, and visualized through GEL
documentation (E-Gel® Imager System with UV Light
Base, Thermo scientific). DNA concentration was
determined by Nano Drop 2000 Spectrophotometer
(Thermo scientific). GCKR rs780094, TCF7L2 rs7903146,
TCF7L2 rs12255372, SLC30A8, rs11558471, and IGFB
rs2854843 polymorphisms (Applied Biosystems, Foster
City, CA, USA) were detected by Rt-PCR using the Rotor
Gene Q Rt- PCR (QIAGEN, Germany) ( Table1).
Allele discrimination was performed using the
TaqMan genotyping protocol (Applied Biosystems, Foster
City, CA, USA). PCR reactions were set up in 20 μl
reaction volume including 20–30 ng DNA , 10 μl TaqMan
genotyping PCR Master Mix and 1 μl TaqMan SNP
genotyping assay .The PCR assay was carried out
according to manufacturer's instructions including one step
of 10 min at 95 °C followed by 40 cycles of DNA
denaturation at 95 °C for 15 s and annealing/extension at
60 °C for 1 min. Final products were analyzed by Rotor
Gene software.

Mapped gene

dbSNP

Sequence [VIC/FAM]

GCKR

rs780094

CTCAACAAATGTATTGATCAGCAAA[C/T]ATGTGTCAGTCATGGTCTAAAAAA

TCF7L2

rs7903146

TAGAGAGCTAAGCACTTTTTAGATA[C/T]TATATAATTTAATTGCCGTATGAGG

TCF7L2

rs12255372

TGCCCAGGAATATCCAGGCAAGAAT[G/T]ACCATATTCTGATAATTACTCAGGC

SLC30A8

rs11558471

CAGATAATTTAGATATTTACCTGCA[A/G]GAAGGAATAAAGCAGATGCAACCAA

IGFB

rs2854843

AGGAAAGTTATTCAAAATCTAGAAA[C/T]GTCTTCTGCTAAATTCTTAATTAAG.

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

2.3. Statistical Analysis

3.2. Association Studies for Different SNPs

The data were analyzed using Microsoft Excel 2010
and statistical package for social science (SPSS version
24.0) for windows (SPSS IBM., Chicago, IL). Continuous
normally distributed variables were represented as mean
±SD. with 95% confidence interval, and using the
frequencies and percentage for categorical variables, a p
value ≤ 0.05 was considered statistically significant. To
compare the means of normally distributed variables
between groups, the Student’s t test was performed. χ2 test
or Fisher’s exact test was used to determine the
distribution of categorical variables between groups.
Spearman's rank correlation coefficient (r) was done to
show the correlation between different parameters in this
study. Effect modifications were evaluated by
stratification, and statistical interaction was assessed by
including main effect variables and their product terms in
the logistic regression model.
2.3.1. Haplotype Analysis
The data was analyzed using HAPLOTYPE
ANALYSIS softwear v1.05 which is a software written in
Visual Basic for Applications (VBA) within Excel. This is
new software for analysis of data from organelle based on
the frequency of haplotypes. Population genetic structure
from the population samples (inter-population analysis)
was computed, utilizing: Nei's minimum genetic distance
and genetic differentiation among the populations and
contribution of each of them to the total diversity
(Finkeldey and Murillo 1999).
3. Results
3.1. Characteristics of the Studied Population
This study is a case-control comparative study
consisting of 132 patients with T2DM and control group (n
= 96). The 2 studied groups showed statistical significant
differences as regards height, weight, waist, BMI, FBG,
2HPP, HbA1c, CHO, TG, and LDL among the T2DM
group when compared to control group (p of all parameters
= 0.001 except height and BMI were p= 0.04 and 0.004,
respectively) (Table 2).
Table 2. Demographic and biochemical variables of the studied
populations:

Weight (kg)
Height (cm)
BMI
(kg/m2)
Waist (cm)
FBS
(mg/dl)
2H PP (mg/dl)
HbA1c (%)
CHO (mg/dl)
TG
(mg/dl)
HDL (mg/dl)

Control N= 96
Mean ±SD
77.6 ±14.2
164.4 ±12.4
29.2 ±7.6
88.5 ±14.3
93.0 ±23.1
99.8 ±27.3
5.2 ±0.7
162.4 ±34.5
102.4 ±34.3
48.4 ±10.2

Diabetic N= 132
Mean ±SD
82.4 ±10.9
161.4 ±8.4
31.7 ±4.1
106.9 ±12.7
195.3 ±75.9
222.3 ±73.5
8.6 ±2.0
211.4 ±50.6
199.2 ±87.0
47.5 ±16.0

0.006*
0.04*
0.004*
0.001**
0.001**
0.001**
0.001**
0.001**
0.001**
0.625

LDL

92.3 ±36.2

123.8 ±45.8

0.001**

(mg/dl)

385

P. value

†Weight, Height, BMI, Waist, FBS, 2H PP, HbA1c, CHO, TG,
HDL and LDL are represented as mean ± SD; the data were
analyzed by t. test.
*P-value ≤0.05 is significant, **P-value ≤0.001 is highly
significant.

For the GCKR rs 780094 the T allele showed higher
frequency in T2DM patients than in controls (OR =3.99,
95% CI= 2.565-6.215, p = 0.001). The frequency of (CT
and TT) genotypes vs. CC genotype was significantly
higher in T2DM patients (50% in patients vs., 22.9% in
controls and 21.2% in patients vs. 6.3% in controls,
respectively) (p = 0.001); these genotypes showed higher
risk for T2DM (OR= 5.4, 95% CI =2.9 - 10.0 and OR=
8.4, 95% CI = 3.2 - 22.0 respectively) (p =0.001).
Meanwhile, the frequency of (CT + TT) genotypes vs. the
CC genotype was significantly higher in T2DM patients
than in controls (71.2% in patients vs. 29.2% in controls),
with higher risk for T2DM (OR=6, 95% CI=3.4- 10.7)
(p=0.001).
Considering the IGFB rs 2854843, the T allele
frequency was significantly associated with increased risk
of T2DM (OR= 5.8, 95% CI=3.850-8.712, p=0.001). The
frequency of TT genotypes vs. CC genotype was
significantly higher in T2DM patients when compared to
control (57.6% in patients vs. 14.6% in controls) (p =
0.001); it showed increased risk of T2DM (OR= 13.3, 95%
CI=6.26 - 28.4). Also, the frequency of (CT + TT)
genotypes vs. the CC genotype was significantly higher in
T2DM patients than in controls (83.3% in patients vs.
33.8% in control) (OR= 6.4, 95% CI= 3.5 - 11.8, p=
0.001).
As regards the SLC30A8 rs 11558471, the only
genotype that showed significant difference between
diabetic patients and control group is AG genotype (37.9%
in patients vs. 18.8% in control) (p=0.01).
However, the other two SNPs ( TCF7L2 rs 7903146
and rs 12255372) were not found to be associated with
T2DM. The genetic models are summarized in table 3.
3.3. Associations of Haplotypes with T2DM
The haplotype block was constructed for the five SNPs
(rs780094, rs 7903146 and 12255372, rs 11558471 and rs
2854843). All five SNPs fell into one block. CCAGC
haplotype was the most frequent and associated with
control group than in cases (p =0.001) followed by
CTATT haplotype (p =0.03), while TCAGT was the most
frequent haplotype in T2DM patients followed by TTGTT,
TTATT and TCATT and they were strongly associated
with the disease (P= 0.001, 0.01, 0.04 and 0.05
respectively), meanwhile taking CCAGC haplotype as
reference (OR = 28.6, 7.9, 10.7 and 8.9 respectively)
(Table 4). Another finding in this study is that subjects
having TCGGT and TTGGT haplotypes are not protective
against diabetes (p=0.001 and 0.02 respectively) as they
were found in cases only, while, CCATC and CTGTC
could be considered protective haplotypes as they were
found only in control group (p= 0.001 for both) (Table 4)
(Figure 1).
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Table 3: Association study of different SNPs variants with T2DM under different genetic models
SNPs

GCKR

OR

C

Diabetic
38(28.8%)
66(50.0%)
28(21.2%)
94(71.2%)
142(0.538)
122(0.462)
68(51.5%)
50(37.9%)
14(10.6%)
64(48.5%)
186(0.705)
78(0.295)
22(16.7%)
34(25.8%)
76(57.6%)
110(83.3%)
78(0.295)

0.001**
0.001**
0.001**
0.001**
0.001**
0.001**
0.1
0.01*
0.29
0.1
0.5
0.3
0.001**
0.6
0.001**
0.001**
0.001**

T

56(0.292)

186(0.705)

0.001**

1(reference)
5.4
2.9 - 10.0
8.4
3.2 - 22.0
6.0
3.4- 10.7
1(reference)
3.993
2.565-6.215
1(reference)
2.6
1.4 - 4.9
0.9
0.4 - 1.9
1.8
1.05 - 3.1
1(reference)
1.258
0.826 - 1.915
1(reference)
3.0
1.5 - 6.0
13.3
6.26 - 28.4
6.4
3.5 - 11.8
1(reference)
5.8
3.850-8.712

C
T

AA
AG
GG
AG+GG
A
G

Allele

IGFB

P. value

Control
68(70.8%)
22(22.9%)
6(6.3%)
28(29.2%)
158(0.823)
34(0.177)
63(65.6%)
18(18.8%)
15(15.6%)
33(34.4%)
144(0.750)
48(0.250)
54(56.3%)
28(29.2%)
14(14.6%)
42(33.8%)
136(0.708)

CC
CT
TT
CT+TT
Allele

SLC30A8

Groups

Genotype

CC
CT
TT
CT+TT
Allele

95% CI

P. value

0.001**
0.001**
0.001**
0.001**
0.01*
0.7
0.03*
0.2
0.001**
0.001**
0.001**
0.001**

†OR: Odds Ratio; †CI: Confidence Interval.
††Allele frequency was calculated in 2 N.
*P value ≤ 0.05 significant; **P value ≤ 0.01 highly significant.
Table 4. Association of different SNPs haplotypes and T2DM
Haplotype
association

Control
N

Cases
%

N

%

P. value

OR

95% CI

P. value

Significant Haplotypes association in control
CCAGC

68

35.4%

38

14.4%

0.001**

1(reference)

CTATT

10

5.2%

4

1.5%

0.03*

0.72

0.2 - 2.4

0.6

Significant Haplotypes association in cases
TCAGT

2

1.0%

32

12.1%

0.001**

28.6

6.5 - 126.12

0.001**

TTGTT

5

2.6%

22

8.3%

0.01*

7.9

2.8 - 22.5

0.001**

TTATT

2

1.0%

12

4.5%

0.04*

10.7

2.3 - 50.5

0.003*

TCATT

2

1.0%

10

3.8%

0.05*

8.9

1.9 - 42.9

0.01*

Specific Haplotypes for control group
CCATC

12

6.3%

0

0.0%

0.001**

CTGTC

10

5.2%

0

0.0%

0.001**

TTATC

2

1.0%

0

0.0%

0.1

TCGTT

2

1.0%

0

0.0%

0.1

TCGTC

2

1.0%

0

0.0%

0.1

CTGGC

2

1.0%

0

0.0%

0.1

TCATC

2

1.0%

0

0.0%

0.1

Specific Haplotypes for cases group
TCGGT

0

0.0%

12

4.5%

0.001**

TTGGT

0

0.0%

8

3.0%

0.02*

CTGGT

0

0.0%

4

1.5%

0.09

TTAGT

0

0.0%

4

1.5%

0.09

TTAGC

0

0.0%

4

1.5%

0.09

CCGTT

0

0.0%

2

0.8%

0.23

*P value ≤ 0.05 is significant; **P value ≤ 0.01 is highly significant.
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As regards TCF7L2 gene polymorphism (rs 7903146)
Shah et al. studied 120 individuals, one half of them were
homozygous for CC while, the other half were
homozygous for TT. In their study, β-cell responsiveness
was slightly impaired in the TT genotype group and
differed significantly between genotypes, implying that a
genetic variant of TCF7L2 impairs glucose tolerance
through effects on insulin secretion and on glucagon (Shah
et al., 2016).

Figure 1. Total haplotype association in control and cases:

4. Discussion
Type 2 diabetes mellitus (T2DM) is a complex disorder
resulting from an interaction between environment and
genetic factors. Genetic variations can insert major or
minor impacts on the disease. For initial prevention of
T2DM, it is necessary to recognize genes potentially
underlying the disease (Pourahmadi et al., 2015). Our
study is the first one of GCKR, TCF7L2, SLC30A8 and
IGFB risk variants, rs 780094.rs 7903146, rs 12255372, rs
11558471 and rs2854843 in Egyptians.
The association between T2DM and GCKR rs780094
has been replicated in many studies of different ethnic
populations since the Diabetes Genetics Initiative GWAS
(Ling et al., 2011). This association is confirmed again in
our study in Egyptian population as TT mutant genotype
distributions were significantly different between control
and cases (p= 0.001 OR= 8.4 with 95% CI= 3.2 – 22.0),
also, the frequency of T allele was different (p= 0.001 and
OR = 3.993 with 95% CI= 2.565 – 6.215).
The decrease in β-cell mass and function in pancreatic
islets are the underlying mechanisms of the progress of
T2DM. TCF7L2 influences β-cell functions by affecting βcell survival in pancreatic islets (Huang et al., 2018).
An Egyptian study conducted by Alnaggar et al., 2018
showed that there was statistically significant association
between type 2 diabetic patients and diabetic nephropathy
and TCF7L2 gene polymorphism rs 12255372, P=0.005,
the allelic frequency differed significantly between the
studied groups P=0.005, denoting that the G allele was the
risky allele for developing T2DM and diabetic
nephropathy. Another study on TCF7L2 gene
polymorphism (rs12255372) was performed by Hassan et
al., 2019 in Al Najaf governorate, and it found that minor
T allele showed significant association with the risk of
T2DM with an OR of 3.52 (95% CI 1,96 – 6.33, p <
0.0001).

A study on three TCF7L2 variants (rs7903146,
rs12255372, and rs4506565) was performed in India, and
an association was detected between these three SNPs and
T2DM (Pourahmadi et al., 2015). Four TCF7L2 gene
SNPs (rs11196205, rs7901695, rs12255372, and
rs7903146) were investigated within a Japanese sample,
this study showed a significant association between these
four variants and T2DM, of all SNPs, rs12255372 showed
the strongest association (Hayashi et al., 2007). However,
studies performed in China (Chang et al., 2007), India
(Guo et al., 2007), and the United Arab Emirates (Saadi et
al., 2008) found no significant association between this
SNP in the TCF7L2 gene and T2DM. Meanwhile, a study
in Iran found that genotype distribution of TT mutant of
rs7903146 (C/T) and rs12255372 (G/T) were not different
between control subjects and T2DM patients (p ≥ 0.05 for
both, OR= 0.564, 95% CI= 0.280-1.135 and OR = 0.473
95% CI= 0.170-1.314 respectively) in the sample recruited
from Jahrom city (Pourahmadi et al., 2015), and this is
concordant with our results which showed no significant
difference in the frequency of the two studied SNPs (rs
7903146 and rs 12255372 in TCF7L2 gene) (p = 0.2 and
0.6 with OR= 1.9, 95% CI= 0.8- 4.5 and OR= 0.7 95%
CI= 0.31-1.6 respectively).
GWAS identified IGF2BP2 gene to be associated with
T2DM, and this association has been repeatedly confirmed
among different ethnic populations (Grant et al., 2006).
While many studies confirmed the association (Cauchi et
al., 2012; Gamboa-Meléndez et al., 2012), other studies
reported no association (Kommoju et al.,2013; Duesing et
al., 2008). Our results showed a strong association of SNP
(rs 2854843) with T2DM as TT and CT+ TT genotypes
distribution significantly different between cases and
control ( p= 0.001, 0.001, OR= 13.3 with 95% CI= 6.26 –
28.4 and OR= 6.4 with 95% CI= 3.5 – 11.8 respectively).
The common alleles of SNPs, rs13266634(C/T,
Arg276Trp), and rs 11558471(A/G) in the SLC30A8 gene
are found to confer the risk susceptibility in T2DM (Abu
Seman et al., 2015). We studied the risk of SLC30A8
polymorphism (rs 11558471), and we found that AG
genotype is the only genotype which showed an increased
frequency in T2DM patients than control (p= 0.01 and
OR= 2.6 with 95% CI= 1.4 – 4.9).
In our patients, haplotype analysis showed strong
association between T2DM and TCAGT, TTGTT, TTATT
and TCATT haplotypes (p= 0.001,0.01, 0.04 and 0.05
respectively). Taking CCAGC as a reference showed
increased risk of developing T2DM (OR= 28.6, 7.9, 107
and 8.9 respectively), while other haplotypes which
include CCAGC and CTATT could be protective against
T2DM as they were significantly higher in the control
group. Meanwhile, haplotype analysis showed us another
finding that there were specific haplotypes for control
group (CCATC and CTGTC) and others were specific for
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cases group (TCGGT and TTGGT). One of the limitations
of our study is that we cannot compare our results with
other research works because we did not find another
haplotype studies on these five SNPs at the same time.
5. Conclusion
In conclusion, our study identified a significant
association of GCKR rs 780094 and IGFB rs 2854843
variants with T2DM in Egyptians. Also, we identified
strong association between T2DM and TCAGT, TTGTT,
TTATT and TCATT haplotypes. However, CCATC and
CTGTC haplotypes were higher in control group than in
diabetic patients. Further studies are to be addressed to
assess other variants that could modify the risk of T2DM
in our population.
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Abstract
This study evaluated the sub-acute toxicities of Parkia biglobosa aqueous pod husk extract (PAPHE) and Dimethoate +
Cypermethrin (D+C) insecticides treated okra fruits (milled) on the kidney and liver of wistar rats. Thirty-two male wistar
rats randomly divided into eight experimental groups of four rats each were used for this study. The treatments were animals
fed with: Standard Ratio Feed (SRF) + untreated okra (T1), SRF+ 2.5ml D+C okra treated (T2), SRF+5.0 ml D+C okra
treated (T3), SRF + 20% PAPHE okra treated (T4), SRF+ 15% PAPHE (T5), SRF+10% PAPHE (T6), SRF+ 5% PAPHE
(T7) and SRF only (Control 0%) (T8). Drinking water was given ad libitum for 21 days. Animal groups were sacrificed at
the end of the experiment and vital organs were removed. Hematology and serum biochemical assays and histopathological
identifications were done using standard procedures. Data were analyzed using ANOVA (p<0.05), while histopathology was
examined. Results revealed no significant differences (p>0.05) amongst the treatments with the exception of treatment T5.
The STR+15% PAPHE okra treated (T5) revealed highest values of platelets (219x103/µL), Mean Corpuscular Hemoglobin
(21.61 g/dL), Globulin (4.57 g/dL), AST (45.67 U/L) and Creatinine (1.13 mg/dL). Treatment T5 was more toxic than the
other treatments. Photomicrographs of sections of liver and kidney organs of the wistar rats showed lesions (necrosis) in all
the treatments except the control groups fed on SRF and SRF + untreated okra and SRF+ okra treated with 5% PAPHE. As
such, the aqueous pod husk extract of P. biglobosa (PAPHE) appeared to be safe for consumption at 5% concentration in
agricultural sustainability for food quality and safety.
Keywords: Parkia biglobosa pod husk extract, Dimethoate+Cypermethrin, Okra, Wistar rats

1. Introduction
Okra (Abelmoschus esculentus (L.) Moench) is a fruit
vegetable that is widely cultivated and consumed in
Nigeria; it is cultivated for its fibrous fruits (or pods) and
its leaves. It is a good source of carbohydrate, protein, fats,
vitamins and minerals (Akintoye et al., 2011; Ojo et al.,
2014). Okra fruit can be cooked in a variety of ways; its
leaves may also be cooked, eaten raw in salads or used as
cattle feed (Fagwalawa and Yahaya, 2016). Mature fruits
and stems of okra plant containing crude fiber are used in
the paper industry (Moekchantuk and Kumar, 2004).
Extracts from the seeds of the okra are viewed as an
alternative source for edible oil. Okra is said to be very
useful against genito-urinary disorders, spermatorrhoea
and chronic dysentery (Robert et al., 2011). Its mucilage is
also suitable for medicinal (curing ulcers and relief from
hemorrhoids) and industrial applications (Akinyele and
Temikotan, 2007).
Okra is prone to damage by various insects such as:
Podagrica uniforma and P. sjostedti, others include
Anomis flava, Earias biplaga, Aphis gossypii, Aphis
craccivora (Kumar, 2010). Incidence of attacks on okra
leaves starts as early as the germination stage by
*
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Podagrica species that create circular and irregular holes
on okra leaves and punctures on pods. Sylepta derogate
rolls okra leaves prior to pupation causing a reduction in
the photosynthetic sites of the leaves (Ogbalu et al., 2015).
The exposure of synthetic pesticides (insecticides,
fungicides, herbicides) to fruits and vegetable production
has been causing adverse health implication and
environmental pollution. Pesticides have deleterious
effects on non-target species; they affect animal and plant
biodiversity, food webs and the ecosystem (Mahmood et
al., 2016). This problem led to a more sustainable
approach to pest control and natural crop protection
(botanicals) (Fayinminnu, 2010) with pesticidal potency.
Pesticidal effects of many plants have been discovered and
researched, such as Neem (Azadirachta indica), Derris
elliptica, Chilli pepper (Capsicum annum), Giant
milkweed (Calotropis procera), Mint weed (Hyptis
suaveolens), Tobacco (Nicotiana tabacum), Cassava
(Manihot esculenta), Eggplant (Solanum melongena),
African locust bean tree (Parkia biglobosa) (Salako et al.,
2015), Purple
weed
(Alternanthera
brasiliana)
(Fayinminnu and Shiro, 2014) Drumestick (Moringa
oleifera) (Fayinminnu et al., 2015). Phytochemicals
inherent in P. biglobosa have increased their use as a
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biopesticide to suppress different insect pests of okra
(Fayinminnu et al., 2017).
Biopesticides result in lower pesticide residues in food
and environment, thereby preventing pollution problems
and health hazards associated with synthetic pesticides; but
toxic effects of some of these biopesticides on rats and
humans have been reported. Awe and Oyetunji (2013)
reported the toxicity of cassava leaf aqueous extracts on
rats. Kadiri et al. (1999) found out that the traditional
neem leaf-based medicines also used as biopesticide had
acute toxic effects. Builders et al. (2012) administered
graded doses of Parkia biglobosa stem bark methanolic
and aqueous extracts orally to rats and found out that they
were non-toxic.
Sherah et al. (2014) discovered the presence of
substances that are cytotoxic enough to kill shrimp larvae
in extracts of the seed-husk and stem-bark of Parkia
biglobosa. The effectiveness of aqueous extract of P.
biglobosa as a bio-insecticide in managing insect pests on
okra plants had been reported by Fayinminnu et al. (2017).
Therefore, the use of P. biglobosa aqueous extract as an
insecticide on okra fruit vegetable necessitated the study of
its toxicological effects. Information on the toxicity of
residues of aqueous extract of P. biglobosa pod husk on
rats is scanty. This study, therefore, aimed at assessing the
sub-acute toxicity of residues of aqueous extract of Parkia
biglobosa pod husk (PAPHE) on treated okra milled fruit
feed on haematology, serum biochemistry and histology of
kidney and liver organs of male wistar rats.
2. Materials and Methods
2.1. Preparation of aqueous extract of Parkia biglobosa
pod husk
The pods of Parkia biglobosa were collected from
Tede town in Atisbo Local Government Area, Oyo State
(latitude 08o341N and longitude 003o271E). They were
identified and authenticated at the herbarium of Forestry
Research Institute of Nigeria, Jericho, Ibadan, Oyo State,
Nigeria with voucher number 110449 (Fayinminnu et al.,
2017). The extraction procedure of Parkia biglobosa pod
husk was carried out at the Toxicology Research
Laboratory of the Department of Crop Protection and
Environmental Biology, University of Ibadan, Nigeria as
reported by Fayinminnu et al. (2017). The pods of P.
biglobosa were dehusked and the husks were air dried at
room ambient temperature of 28.71± 1.77oC and relative
humidity of 77.64 ± 8.07% for two weeks. They were
milled into powder using Rico MG ‘601’ Grinder Mixer
and sieved through a 2 mm sieve to remove the fibers
(Fawole and Abikoye, 2002). Aqueous extract was
obtained by soaking 250 grams of milled pod husk in 1250
ml of water (ratio 1:5) for 24 hours according to the
method of Oshimagye et al. (2014). The extract was
concentrated by placing it in water bath at low temperature
(45- 50oC) in order to determine its yield.
% yield = weight of extract (grams)
X
weight of plant material (grams).
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The concentration of the stock solution of the
biopesticide (aqueous extract of P.biglobosa pod husk
(PAPHE)) was 20%; other concentrations were prepared
from the stock solution by serial dilution. A 5%
concentration was prepared by diluting 125 ml of the stock

solution in 500 ml of water; 10% was prepared by diluting
250 ml of stock solution in 500 ml of water; 15% was
prepared by diluting 375 ml of stock solution in 500 ml of
water. The prepared extracts were labeled and stored in
refrigerator at 20oC for 24 hours prior to use to prevent
putrefaction and degradation of phytochemicals present in
them (Fayinminnu and Shiro, 2014).
2.1.1. Preparation of synthetic chemical pesticide
The synthetic chemical insecticide ‘Scorpion’
(Dimethoate 14.5% + Cypermethrin 5.5% (D+C)) was
purchased from SARO Agrosciences Limited, Oluyole,
Ibadan, Oyo State, Nigeria. Synthetic insecticide
treatments were prepared as follows: 2.5 ml of dimethoate
+ cypermethrin in 500 ml (recommended dose) and 5 ml of
dimethoate + cypermethrin in 500 ml of water (Dey et al.,
2013).
2.2. Experimental Compounds
Qualitative and quantitative analyses of the following
phytochemicals were performed on the milled Parkia
biglobosa plant parts (leaves, bark, pod husk and seeds) at
the Organic Chemistry (Pharmchem) Research Laboratory
of the Faculty of Pharmacy, University of Ibadan and
Femtop Analytical Laboratory, Idi-Ishin, Ibadan.
According to the earlier work and report of Fayinminnu et
al. (2017), the identified phytochemicals: Phenol,
Flavonoid, Tannin, Saponin, Cardiac glycoside, Steroid,
Terpenoid, Alkaloid and Antraquinone in Parkia
biglobosa pod husk formed the basis for its potential
biopesticide (insecticide) and baseline for this present
study.
2.3. Field Study
This was carried out at the Crop Garden of the
Department of Crop Protection and Environmental
Biology (CPEB), University of Ibadan, Nigeria as reported
earlier by Fayinminnu et al. (2017). The field seven
treatments were: 2.5 and 5.0 ml D+C, 5, 10, 15, 20%
PAPHE and control (0%). The gross area at the crop
garden of CPEB was 22.3 m x 10.7 m with individual plot
sizes of 0.9 m x 0.9 m and an alley of 2 m. Each of the
seven treatments was replicated three times and laid out in
a randomized complete block design.
Two seeds of okra (variety NHAe-47-4 purchased from
National Horticulture Research Institute ((NIHORT), IdiIshin, Ibadan, Oyo State, Nigeria) were sown per stand at a
depth of 2cm, spacing of 0.3m x 0.3m between each stand
to obtain a plant population of 2651 plants ha-1. Missing
stands were supplied at one (1) week after sowing (WAS),
while seedlings were later thinned to one (1) seedling per
stand two (2) WAS. Watering was done manually on a
daily basis. Regular weeding was carried out manually in
order to prevent competition, infestation of pests and
diseases and also to ensure maximum growth of the crops.
The plants were sprayed with the aforementioned seven
treatments weekly from two (2) WAS till twelve (12)
WAS to control Podagrica uniforma and sjostedti (Flea
beetles) using a 7.5 Litre knap sack sprayer.
At maturity, sprayed okra fruits were harvested at 9 to
12 weeks after sowing every week by plucking from each
treated plot. Harvested sprayed okra fruits from each
treatment were chopped into smaller pieces and air dried at
an average room temperature of 28.71±1.77oC and relative
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humidity of 77.64 ± 8.07%, milled separately and stored in
the refrigerator at 4oC for 24 hrs prior to use.
2.4. Experimental Animals
Thirty-two male wistar rats (Ratus norvegicus)
weighing 80±20gm were obtained from the Central
Animal House of the Department of Physiology, College
of Medicine, University of Ibadan, Nigeria. Prior to the
arrival of the wistar rats, the rat cages (wooden wire) were
properly cleaned and disinfected at the Department of
Pharmacognosy, College of Medicine, University of
Ibadan. Cages were fitted with drinkers that could
comfortably drop water when imbibed by rats and the
feeders were properly placed to eliminate feed spillage.
The animals were kept under and maintained at 27±2ºC,
with 12 hour light, 12 hour dark cycles, relative humidity
of 70-80%.
The rats were divided into eight experimental groups
(treatments) with four rats and were labeled T1, T2, T3,
T4, T5, T6, T7 and T8 in each cage and were acclimatised
for seven days before the commencement of the feeding
treatments which lasted for 21 days. Locally grower mash
feed (Standard Ratio Feed) and water was given to the rats
during acclimatisation and treatment periods ad libitum.
During the experiment, the experimental procedures were
approved and conducted following the guidelines of
University of Ibadan Ethical Committee which conforms
to the Ethical use of Animals (Clarke et al., 1996).
2.5. Sub Chronic Toxicity of the Plant Extract and
Synthetic Insecticide
2.5.1. Parkia biglobosa and Dimethoate + Cypermethin
The grouped experimental animals were tagged T1, T2,
T3, T4, T5, T6, T7 and T8 of four rats per cage. They were
administered: Standard Ration Feed (SRF) + treated okra
milled feed of Parkia biglobosa pod husk extract (PPHE)
at 5, 10, 15 and 20%, SRF+ Dimethoate 14.5% +
Cypermethrin (D+C) at 2.5 and 5.0 ml and two controls
(control group rats were fed with SRF (standard ration
feed only) and untreated okra milled feed +SRF),
T1 – Group of rats fed on SRF (Standard Ration Feed)
+ untreated okra milled feed
T2 – Group of rats fed on SRF 93g +7g of okra milled
feed sprayed with 2.5 ml of dimethoate + cypermethrin in
500 ml of water (recommended dose)
T3- Group of rats fed on SRF 93g +7g of okra milled
feed sprayed with 5 ml of dimethoate + cypermethrin in
500 ml of water
T4- Group of rats fed on SRF 93g + 7g of okra milled
feed sprayed with 20% extract of Parkia biglobosa pod
husk extract
T5 – Group of rats fed on SRF 93g + 7g of okra milled
feed sprayed with 15% extract of Parkia biglobosa pod
husk extract
T6 – Group of rats fed on SRF 93g + 7g of okra milled
feed sprayed with 10% extract of Parkia biglobosa pod
husk extract
T7 – Group of rats fed on SRF 93g + 7g of okra milled
feed sprayed with 5% extract of Parkia biglobosa pod
husk extract
T8 – Group of Control rats (0%) (SRF only) 100g + 0g
of okra milled feed
All groups were fed with okra treated milled
feed + SRF and drinking water ad libitum was given for
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21 days according to the treatments stated above everyday
(from morning till night).
Weights of the animals were taken weekly and at the
end of the experiment. Toxicity of the administered feed
such as sluggishness, aggressiveness, weight gain / loss,
convulsion, paralysis and mortality were observed on the
experimental animals as daily routine as earlier reported by
Fadina et al. (1999); Oshoke et al. (2016) and Fayinminnu
et al. (2017).
2.6. Collection of Blood samples for hematology and
Serum Biochemistry
2.6.1. Blood hematology and Serum Biochemistry Analyses
The termination of the experiment was done at 21 days;
all the living wistar rats were sacrificed through cervical
dislocation. Blood samples (2 ml) were collected by
cardiac puncture into EDTAK3 bottles. They were
arranged in heparinized capillary tubes and analyzed for
hematological parameters according to the method of
Schalm et al. (1975). The hematological parameters
include Packed Cell Volume (PCV), Hemoglobin
concentration (Hb), Red Blood Cell (RBC), White Blood
Cell (WBC), Platelets (PLT), Lymphocytes (LYM),
Neutrophiles (Neut), Monocytes (MON), Eosinophils
(EOS), Mean Corpuscular Volume (MCV), Mean
Corpuscular Hemoglobin (MCH) and Mean Corpuscular
Hemoglobin Concentration (MCHC).
Blood samples for serum biochemical analyses were
collected into plain bottles and centrifuged at 3000
revolutions per minute for 10minutes. The supernatant was
analyzed for Total protein (TP) using Biuret method
(Bradford, 1976), Albumin (ALB), Globulin (GLB), Total
bilirubin (TB) concentrations were calculated according to
Doumas et al. (1971). Alkaline Phosphatase (ALP),
Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST) were determined using the method
of Reitman and Frankel (1957), Glucose level, Creatinine
and Urea.
2.7. Histopathological Examination
The experimental animals` abdomens were dissected
immediately after blood collection to harvest organs of
interest (liver and kidney). The tissues (livers and kidneys)
were weighed and were preserved in 10% formalin in
universal bottles for histopathological examination. They
were then processed and stained with hematoxylin and
eosin (H & E) stain for histopathology examination. For
preparing the animal tissues for microscopic examination,
histological procedures were followed in a stepwise
protocol they include: Fixation, Dehydration, Clearing,
Infiltration, Embedding, Blocking, Sectioning and
Staining. Detailed microscopic examination was carried
out on the organs of both control and treated groups.
The hematological and serum biochemistry analyses
and histopathological examinations were carried out by
qualified pathologists at the Clinical Pathology and
Histopathology Laboratories of the Department of
Veterinary Pathology, Faculty of Veterinary Medicine,
University of Ibadan, Ibadan, Nigeria.
2.8. Statistical Analysis
Data were analyzed using analysis of variance
(ANOVA) with Statistical Analysis System (SAS)
software at 5% (p<0.05) level of significance. Means were
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separated using Duncan Multiple Range Test (DMRT).
Results were presented as mean ± standard error of the
mean (SEM).
3. Results and Discussions
3.1. Behavioral Observations
The behavioral observation of the experimental animals
during the study showed restlessness after each feeding to
the treatments of Parkia biglobosa pod husk extract and
dimethoate + cypermethrin treated okra. Restlessness,
which is a sign of pesticide poisoning, was observed in
animals fed okra treated with SRF + 5 ml of dimethoate +
cypermethrin. This might be due to the inhibitory action of
dimethoate (an organophosphate insecticide) on
acetylcholinesterase leading to accumulation of
acetylcholine at the nerve synapses (Chedi and Aliyu,
2010).
3.2. Toxic effects of treated okra with Parkia biglobosa
pod husk extract (PAPHE) and
dimethoate+
cypermethrin (D+C) on food intake of wistar rats
Result of treated okra feed intake of the experimental
animals from this study varied across the three (3) weeks
of feeding as shown in Figure 1. No significant differences
(p>0.05) were observed at week one (1), although SRF+ 5
ml D+C (T3) had the highest value (79.7 g), followed by
SRF only (T8) with 74.3g, the least value (52.5 g) was
obtained from SRF+ 20% PAPHE (T4). Significant
differences (p>0.05) in feed intake were not observed
amongst the treatments at week two (2). However,
SRF+5% PAPHE (T7) had highest value (74.3 g) followed
by SRF+2.5 ml D+C (T2; 73.7 g), while treatment T1
(SRF+ untreated okra) had the least value of 42.9 g. The
same trend as in week two was observed in week three
with no significant differences among the treatments.
Treatment SRF+ 5% PAPHE (T7) had the highest value
(74.7 g), followed by SRF+ 2.5 ml D+C (T2; 69.4 g),
while T1(SRF+ untreated okra) had the lowest value (50.8
g) though it increased compared to week two (2).

3.3. Toxic effects of (PAPHE) and dimethoate+
cypermethrin (D+C) on body weight of wistar rats
The toxic effect of varying doses of PAPHE and
dimethoate + cypermethrin on mean body weights of
wistar rats is presented in Figure 2. There were no
significant differences in mean body weights among all the
experimental animals at week zero (0) before the
commencement of the treatments. Control animals (T8)
had the highest mean weight (118.17g) which was not
significantly different from treatments T1 (94.43g), T2
(97.83g), T4 (98.67g), T5 (95.5g) and T6 (98.6g) at the
first week of treatment (week one). The mean weight of
the control animals was significantly higher than that of
treatments T3 and T7. Results shown at week two (2)
revealed no significant differences in the mean weight of
the animals. Treatment T6 had the highest mean weight
(121.87g), closely followed by T7 (120.4g), T1 (118.47g),
T5 (118.23g), T8 (118.1g), T2 (116.1), T4 (105.7g) and
treatment T3 had the lowest (97.2 g) which was not
significantly different. The body weight of the animals at
week three showed that treatment T1 had the highest mean
weight (136.87g) which was not significantly different
from T2 (115.13g), T4 (113.23g), T5 (118.73g), T6
(112.73g), T7 (131.63g) and T8 (131.9g). However, this
was significantly higher than treatment T3 (104.9g) which
had the lowest weight among the treated animals.

Figure 2: Toxic effects of treated okra with Parkia biglobosa pod
husk extract (PAPHE) and dimethoate+ cypermethrin (D+C) on
body weight of wistar rats .T1= rats fed untreated okra + standard
ration feed, T2 = rats fed okra treated with 2.5 ml of synthethic
insecticide in 500 ml of water + standard ration feed, T3 = rats fed
okra treated with 5 ml of synthetic insecticide in 500 ml of water
+ standard ration feed, T4 = rats fed okra treated with 20%
PAPHE + standard ration feed, T5 = rats fed okra treated with
15% PAPHE + standard ration feed, T6 = rats fed okra treated
with 10% PAPHE + standard ration feed, T7 = rats fed okra
treated with 5% PAPHE + standard ration feed, T8 = control ( rats
fed with standard ration feed)
Figure 1: Toxic effects of treated okra with Parkia biglobosa pod
husk extract (PAPHE) and dimethoate+ cypermethrin (D+C) on
feed intake of wistar rats .T1= rats fed untreated okra + standard
ration feed, T2 = rats fed okra treated with 2.5 ml of synthethic
insecticide in 500 ml of water + standard ration feed, T3 = rats fed
okra treated with 5 ml of synthetic insecticide in 500 ml of water
+ standard ration feed, T4 = rats fed okra treated with 20%
PAPHE + standard ration feed, T5 = rats fed okra treated with
15% PAPHE + standard ration feed, T6 = rats fed okra treated
with 10% PAPHE + standard ration feed, T7 = rats fed okra
treated with 5% PAPHE + standard ration feed, T8 = control ( rats
fed with standard ration feed).

The decrease in mean body weight of treated
experimental animals was relatively non-significant in this
study. This may be due to the rich diet they were fed with.
Standard ration feed (SRF) was compounded according to
the nutritional requirements of the rats (NebGuide, 2008)
and mixed with milled okra which also contains nutrients
required for proper growth (Sorapong, 2012) of the
animals. This conformed to the findings of Builders et al.
(2012) who observed no significant changes in the body
weight of rats exposed to extracts of Parkia biglobosa
stem bark.
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3.4. a. Toxic Effects of Parkia biglobosa Pod Husk
Extract (PAPHE) and dimethoate + cypermethrin
treated okra on Hematological parameters of Wistar rats
Results presented in Table 1 showed Hematological
parameters: Packed cell volume (PCV), Hemoglobin
concentration (Hb), Red blood cell count (RBC), White
blood cell count (WBC), Platelet count (PLT) and
Lymphocyte (LYM) of the male wistar rats. There were no
significant differences (p>0.05) in PCV, HB, RBC, WBC
and LYM across all the treated animals. Rats fed on okra
treated with 15% PAPHE + SRF (treatment T5) had a
significantly (p<0.05) higher platelet count (PLT) (129
x103/µL) over other treated animals.
Platelets are blood cells that circulate within the blood
and bind together when they recognize damaged blood
vessels. A higher number of platelets is referred to as
Thrombocytosis. Thrombocytosis could be primary (when
abnormal cells in the bone marrow cause an increase in
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platelets, but the reason is unknown) or secondary
(abnormal cells in the bone marrow that may be caused by
an ongoing condition or disease such as anaemia, cancer,
inflammation or infection) (Williams, 2016). The 15%
Parkia biglobosa aqueous pod husk extract (PAPHE)
concentration increased the platelets of experimental
animals; this could have been due to its ability to catalyze
the bone marrow’s activity of producing more platelets.
Increased platelet counts could lead to increased platelet
plug formation (Thrombosis). This could eventually lead
to Thrombocythemia (restricted blood flow due to platelet
formation), a condition that can cause severe ill health and
death of animals. A lower platelet count was observed in
animals fed okra treated with 20% (a higher) extract
concentration. It may be deduced that 15% concentration
of P. biglobosa aqueous pod husk extract is a threshold
limit that causes a higher platelet count.

Table 1a. Toxic Effects of Parkia biglobosa Pod Husk Extract (PAPHE) and dimethoate + cypermethrin treated okra on Hematological
parameters of Wistar rats
Treatments
T1
T2
T3
T4
T5
T6
T7
T8

PCV (%)
38.0±1.0a
41.67±1.76a
45.33±3.18a
42.00±1.73a
47.33±0.88a
41.33±3.18a
42.00±1.53a
45.17±2.91a
NS

HB (g/dl)
12.63±0.34a
13.50±0.59a
14.93±1.14a
13.70±0.49a
16.50±0.95a
13.40±1.06a
13.60±0.40a
15.10±0.89a
NS

RBC (x103/µL)
6.35±0.13a
6.75±0.34a
7.50±0.60a
7.04±0.35a
7.62±0.26a
6.64±0.69a
6.96±0.35a
7.54±0.55a
NS

WBC (x103/µL)
8.13±1.31a
6.13±0.61a
5.32±0.86a
3.90±0.17a
7.45±0.32a
6.13±1.60a
5.70±2.19a
5.13±1.26a
NS

PLT(x103/µL)
113±1.76a
103±13.3a
115±7.42a
96.0±6.7a
219±1.21ab
103±3.0a
126±29.1a
117±6.66a

LYM (x103/µL)
6.0±1.20a
4.08±0.37a
4.20±0.53a
2.67±0.21a
5.27±0.35a
4.61±1.26a
4.23±1.62a
3.49±0.93a
NS

Note: Values with the same superscripts (a) in the column indicate no significant difference from each other. P>0.05 means there is no
significant difference, P<0.05 means there is significant difference at 5% level of probability using Duncan Multiple Range Test, NS= Not
Significant.T1= rats fed untreated okra + standard ration feed, T2 = rats fed okra treated with 2.5 ml of synthethic insecticide in 500 ml of
water + standard ration feed, T3 = rats fed okra treated with 5 ml of synthetic insecticide in 500 ml of water + standard ration feed, T4 = rats
fed okra treated with 20% PAPHE + standard ration feed, T5 = rats fed okra treated with 15% PAPHE + standard ration feed, T6 = rats fed
okra treated with 10% PAPHE + standard ration feed, T7 = rats fed okra treated with 5% PAPHE + standard ration feed, T8 = control ( rats
fed with standard ration feed).PVC= Packed cell volume, Hb= Hemoglobin concentration, RBC=Red blood cell count, WBC= White blood
cell count, PLT =Platelet, LYM= Lymphocyte

b.Toxic Effects of Parkia biglobosa Pod Husk Extract
(PAPHE) and dimethoate + cypermethrin treated okra
on Hematological parameters of Wistar rats
The results shown in Table 1b revealed that rats fed on
okra treated with 15% PAPHE + SRF (treatment T5) had a
significantly higher (21.6 g/dL) Mean Corpuscular
Hemoglobin (MCH). The other parameters (NEUT, MON,

EOS, MCV and MCHC) across all other treatments were
not significantly different (p>0.05).
Mean Corpuscular Hemoglobin (MCH) is the average
amount of hemoglobin per red blood cell in a blood
sample. Significantly higher MCH observed in
experimental animals fed okra treated with 15% PAPHE is
indicative of red blood cells with increased hemoglobin
content. This might be suggestive of a macrocytic anemic
condition (Ashaolu et al., 2011).

Table 1b: Toxic Effects of Parkia biglobosa aqueous pod husk extract (PAPHE) and dimethoate + cypermethrin treated okra on
Hematological parameters of male wistar rats
Treatments
T1
T2
T3
T4
T5
T6
T7
T8
NS

NEUT (x103)
1.81±0.31a
1.78±0.26a
0.90±0.26a
1.04±0.1a
1.60±0.17a
1.31±0.31a
1.22±0.48a
1.40±0.26a
NS

MON (x103)
0.16±0.1a
0.16±0.1a
0.13±0.1a
0.12±0.1a
0.1±0.0a
0.1±0.0a
0.16±0.1a
0.15±0.4a
NS

EOS (x103)
0.17±0.04a
0.12±0.03a
0.17±0.02a
0.08±0.1a
0.17±0.02a
0.12±0.1a
0.12±0.1a
0.1±0.03a
NS

MCV (fl)
59.80±0.33a
61.80±0.48a
60.63±0.69a
59.74±0.75a
62.16±1.18a
62.65±1.98a
60.40±0.93a
60.65±0.56a

MCH(g/dL)
19.88±0.12a
20.02±0.13a
19.95±0.24a
19.50±0.28ab
21.61±0.49abc
20.30±0.62a
19.57±0.42ab
20.07±0.32a

MCHC (pg)
33.25±0.16a
32.4±0.05a
32.91±0.28a
32.63±0.21a
34.81±1.38a
32.41±0.13a
32.40±0.30a
33.09±0.36a
NS

Note: Values with the same superscripts (a, ab) in the column indicate no significant difference from each other. P>0.05 means there is no
significant difference, P<0.05 means there is significant difference at 5% level of probability using Duncan Multiple Range Test, NS= Not
Significant.T1= rats fed untreated okra + standard ration feed, T2 = rats fed okra treated with 2.5 ml of synthethic insecticide in 500 ml of
water + standard ration feed, T3 = rats fed okra treated with 5 ml of synthetic insecticide in 500 ml of water + standard ration feed, T4 = rats
fed okra treated with 20% PAPHE + standard ration feed, T5 = rats fed okra treated with 15% PAPHE + standard ration feed, T6 = rats fed
okra treated with 10% PAPHE + standard ration feed, T7 = rats fed okra treated with 5% PAPHE + standard ration feed, T8 = control ( rats
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fed with standard ration feed).Neutrophils (NEUT), Monocytes (MON), Eosonophils (EOS), Mean Corpuscular Volume (MCV), Mean
Corpuscular Hemoglobin (MCH) and Mean Corpuscular Hemoglobin Concentration (MCHC)

This present study showed that other hematological
parameters such as Packed cell volume, Hemoglobin
concentration, Red blood cell count, White blood cell
count, lymphocytes, neutrophils, monocytes, eosinophils,
mean corpuscular volume and mean corpuscular
hemoglobin concentration had no significant differences in
all treated experimental animals. This is similar to the
findings of Builders et al. (2012).
3.5. Toxic Effects of Parkia biglobosa aqueous pod husk
extract (PAPHE) and dimethoate + cypermethrin treated
okra on Serum biochemical parameters of wistar rats
The serum biochemical parameters include Total
protein (TP), Albumin (ALB), Globulin (GLOB), Albumin
– Globulin (AG) ratio and Glucose (GLU) level (Table 2).
The Total Protein of rats fed okra treated with 15% extract
(PAPHE) + SRF (treatment T5) was significantly higher
(8.7 g/dl) than all other treatments as shown on Table 2.
The increase in serum Total Protein observed in animals
administered treatment T5 (okra treated with 15% PAPHE
+ SRF) may have been due to increased release of tissue
specific enzymes, intracellular proteins (Orhue et al.,
2005) or acute phase proteins. Acute phase proteins are
proteins whose concentration in the blood may increase as
the body fights infection or some other inflammation.
Experimental animals fed on okra treated with 15%
extract + SRF (T5) had a significantly higher albumin
value (4.1 g/dl) than other animals. The Albumin of rats
fed on untreated okra + SRF (T1) (2.4 g/dl), rats fed okra
treated with SRF + 5 ml D+C (T3) (2.97 g/dl) and rats fed
okra treated with 20% extract + SRF (T4) (3.07 g/dl) were
significantly lower than that of rats fed on okra treated
with SRF +2.5 ml D+C (T2) (3.40 g/dl) and rats fed okra
treated with 10% extract + SRF (T6) (3.40 g/dl). There
was no significant difference between rats fed okra treated
with 5% extract + standard ration feed (T7) (3.27 g/dl) and
the control T8 (3.47 g/dl). Albumin is produced entirely in
the liver and is of great importance in regulating the flow
of water between the plasma and tissue fluid by its effect
on colloid osmotic pressure (Orhue et al., 2005). Damage
in liver cells might have led to slightly higher blood
albumin value as observed in animals to which treatment
T5 was administered (Obaineh and Matthew, 2009).
The globulin of treatment T5 (4.57 g/dl) was
significantly higher, while lower values of globulin were
observed from treatments T2 (3.27 g/dl) T4 (3.90 g/dl), T6
(3.83 g/dl) and control (3.93 g/dl) with no significant
differences. Slightly higher globulin value also observed in
animals administered treatment T5 might have been due to
enhanced antibody secretion in response to infection or
allergy (Orhue et al., 2005).

Table 2.Toxic Effects of Parkia biglobosa aqueous pod husk
extract (PAPHE) and dimethoate +
cypermethrin treated
okra on serum biochemical parameters of Wistar rats
Treatments TP (g/dl)

T1

ALB (g/dl) GLOB
(g/dl)

6.60±0.06a 2.43±0.19a
a

4.17±0.15a

0.57±0.07a 122±4.91 a

7.17±0.12

3.40±0.15

3.77±0.07

0.87±0.07 a 119±3.18 a

T3

7.03±0.13a 2.97±0.22a

4.07±0.09a

0.67±0.07 a 122±2.91a

a

ab

6.97±0.32

T5

8.67±0.09b 4.10±0.06abc 4.57±0.09abc 0.87±0.03 a 117±1.76 a

T6

7.23±0.07a 3.40±0.21b 3.83±0.15ab 0.80±0.06 a 131±4.04 a

T7

7.27±0.15a 3.27±0.07ab 4.00±0.10a

T8

7.40±0.15

3.47±0.12

ab

3.90±0.06

0.77±0.09 a 130±3.7 a

T4

ab

3.07±0.29

ab

GLUC
(mg/L)

T2

a

b

A.G Ratio

ab

3.93±0.13

0.77±0.03 a 121±3.51 a
0.83±0.03 a 115±1.33 a

NS

NS

Note: P>0.05 means there is no significant difference, P<0.05
means there is significant difference at 5% level of probability
using Duncan Multiple Range Test, NS = Not Significant
T1= rats fed untreated okra + standard ration feed, T2 = rats fed
okra treated with 2.5 ml of synthethic insecticide in 500 ml of
water + standard ration feed, T3 = rats fed okra treated with 5 ml
of synthetic insecticide in 500 ml of water + standard ration feed,
T4 = rats fed okra treated with 20% PAPHE + standard ration
feed, T5 = rats fed okra treated with 15% PAPHE + standard
ration feed, T6 = rats fed okra treated with 10% PAPHE +
standard ration feed, T7 = rats fed okra treated with 5% PAPHE +
standard ration feed, T8 = control ( rats fed with standard ration
feed) TP= Total protein, ALB =Albumin, GLOB =Globulin, AG=
Globulin ratio, GLU = Glucose level

3.6. Toxic Effects of Parkia biglobosa aqueous pod husk
extract (PAPHE) and dimethoate + cypermethrin on
enzyme markers of kidney function of male wistar rats
The results as shown on Table 3 revealed no significant
differences (p>0.05) in TB, ALP, ALT and Urea across all
treated experimental animals. The creatinine level in
treatment T5 was significantly higher (1.13 mg/dL) than
other experimental animals. Creatinine is excreted from
the body in the urine via the kidneys. As a result,
creatinine measurement is used almost exclusively in the
assessment of kidney function. Creatinine level was higher
in animals administered treatment T5 when compared to
other treatments. Elevation of creatinine is indicative of
under-excretion, suggesting kidney impairment (Oyebanji
et al., 2013).
A significant similar trend was also observed in AST
level (45.67 U/L). Aspartate Amino Transferase (AST) a
serum liver enzyme had a slightly higher value in animals
administered treatment T5 when compared to the control
and other treatments. This might be indicative of liver cell
damage (Aniagu et al., 2005).
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Table 3: Toxic Effects of Parkia biglobosa aqueous pod husk extract (PAPHE) and dimethoate + cypermethrin on enzyme markers of
kidney and liver functions of male wistar rats
Treatments

TB (mg/dL)
a

AST (U/I)

ALT (U/I)

a

ALP (U/I)
a

43.0±1.53

a

UREA (mg/dL)

0.67±0.03ab

T1

0.3±0.1

T2

0.23±0.09a

T3

a

0.23±0.09

43.33±2.03

30.67±1.20

111±4.67

T4

0.33±0.03a

37.0±0.58a

25.33±0.33a

111±3.93 a

15.30±0.44 a

T5

a

0.27±0.03

a

a

a

31.33±0.88

112±2.52

39.67±0.88a

27.33±1.45a

111±7.84 a

16.33±0.69a

0.73±0.03ab

a

a

a

a

0.67±0.03ab

T6
T7

0.23±0.88

T8

0.23±0.88a

ab

45.67±0.88

33.33±0.33

118±7.31

0.17±0.03a

42.67±1.45a

31.0±1.53a

118±1.0 a

a

a

NS

CREAT (mg/dL)

a

a

15.73±0.44

14.77±0.58

16.73±0.79

14.30±1.11a
a

0.733±0.03ab
1.13±007abc
0.80±0.0ab

a

16.77±0.32

0.73±0.03ab
0.67±0.07ab

40.33±0.88

29.0±2.0

130±1.20

37.0±1.16a

26.0±0.58a

121±6.25 a

16.40±0.58a

NS

NS

NS

Note: Values with the same superscripts (a, ab) in the column indicate no significant difference from each other. P>0.05 means there is no
significant difference, P<0.05 means there is significant difference at 5% level of probability using Duncan Multiple Range Test, NS= Not
Significant.T1= rats fed untreated okra + standard ration feed, T2 = rats fed okra treated with 2.5 ml of synthethic insecticide in 500 ml of
water + standard ration feed, T3 = rats fed okra treated with 5 ml of synthetic insecticide in 500 ml of water + standard ration feed, T4 = rats
fed okra treated with 20% PAPHE + standard ration feed, T5 = rats fed okra treated with 15% PAPHE + standard ration feed, T6 = rats fed
okra treated with 10% PAPHE + standard ration feed, T7 = rats fed okra treated with 5% PAPHE + standard ration feed, T8 = control ( rats
fed with standard ration feed).TP= Total protein, ALB =Albumin, GLOB =Globulin, AG= Globulin ratio, GLU = Glucose level

3.7. Toxic effects of Parkia biglobosa Pod Husk Extract
and dimethoate + cypermethrin treated okra on
Histological organs (liver and kidney) of male wistar
rats
Photomicrographs showing sections of organs of
interest (liver and kidney) of the treated rats are presented
in plates 1 and 2. Parenchymal cells of the liver (i.e. the
hepatocytes) and kidney (i.e. glomerulus and tubular
epithelial cells) were normal in treatments T1: rats fed
untreated okra + standard ration feed (control), T7: rats fed
okra treated with 5% PAPHE + standard ration feed, and
T8: control (rats fed with standard ration feed only).
Lesions were observed in the livers of the following
treatments: T2: rats fed okra treated with 2.5 ml of
dimethoate + cypermethrin + standard ration feed, T3: rats
fed okra treated with 5 ml of dimethoate + cypermethrin +
standard ration feed, T4: rats fed okra treated with 20%
PAPHE + standard ration feed, T5: rats fed okra treated
with 15% PAPHE + standard ration feed, T6: rats fed okra
treated with 10% PAPHE + standard ration feed. Similarly,
lesions were also observed in the kidneys of treatments T4
and T6.

Experimental rats fed on T1 showed normal
hepatocytes, glomerulus and tubules in their liver and
kidney, respectively (control). Moderate centrilobular
vacuolar degeneration and atrophy of hepatocytes were
observed in liver, while kidney had normal histological
structures in T2 treatment. Examination showed diffuse
atrophy of hepatic cords and Kupffer cells hyperplasia in
the liver of T3 with normal histological structures in the
kidney. Observations in T4 showed mild random
degeneration of hepatocytes in liver, while the kidney
revealed diffuse vacuolar degeneration of medullary
tubular epithelial cells (T1-T4 shown in plate 1).
Diffuse degeneration of hepatocytes; Hepatocellular
necrosis and infiltrate of inflammatory cells were shown in
liver of T5, while kidney showed normal histological
structures. Experimental rats fed on T6 treatment showed
liver with marked random degeneration and necrosis of
hepatocytes, while the kidney had coagulation necrosis of
tubular epithelial cells. Normal histological structures were
observed in both liver and kidney of T7 as well as in T8
(control) (T5-T8 as shown in plate 2).

398

© 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Number 3

Arrows showing Normal hepatocytes

Arrows showing Moderate centrilobular vacuolar degeneration
and atrophy of hepatocytes

Arrows showing Diffuse atrophy of hepatic Kupffer
cell hyperplasia

Arrows showing Mild random degeneration of cord and hepatocytes

Arrows showing Focus of hepatocellular infilterate
of inflammatory cells

Arrows showing Random degeneration and necrosis of hepatocyte

Normal histological structures
Normal histological structures
Plate 1: Photomicrograph of section of rat liver fed with okra treated with Parkia biglobosa and dimethoate + cypermethrin treatments.A T1: Liver of rat fed with untreated okra + standard ration feed, B – T2: Liver of rat fed okra treated with 2.5 ml of dimethoate +
cypermethrin + standard ration feed (SRF) ,C- T3: Liver of rat fed okra treated with 5 ml of dimethoate + cypermethrin + SRF,D – T4:
Liver of rat fed okra treated with 20% extract (PAPHE) + SRF ,(H & E Magnification X 400). E – T5: Liver of rat fed okra treated with
15% PAPHE + SRF.F - T6: Liver of rat fed okra treated with 10% PAPHE + SRF.G – T7: Liver of rat fed okra treated with 5% PAPHE +
SRF. H – T8: Liver of rats fed with SRF only (control) .(H & E Magnification X 400)
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Arrows showing Normal glomerulus and tubules

Arrows showing Normal histological structures of medullary
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Arrows showing Normal histological structures

Arrows showing Diffuse vacuolar degeneration
tubular epithelial cells

Arrows showing Normal histological structures

Arrows showing Coagulation necrosis of tubular epithelial cells

Arrows showing Normal histological structures

Arrows showing Normal histological structures

Plate 2: Photomicrograph of section of rat kidneys fed with okra treated with Parkia biglobosa and dimethoate + cypermethrin treatments
A - T1: Kidney of rat fed with untreated okra + Standard Ration Feed, B – T2: Kidney of rat fed okra treated with Standard Ration Feed +
2.5 ml of D+C ,C- T3: Kidney of rat fed okra treated with Standard Ration Feed + 5 ml of D+C ,D – T4: Kidney of rat fed okra treated with
20% PAPHE + Standard Ration Feed, E – T5: Kidney of rat fed okra treated with 15% PAPHE + Standard Ration Feed, F - T6: Kidney of
rat fed okra treated with 10% PAPHE + Standard Ration Feed, G – T7: Kidney of rat fed okra treated with 5% PAPHE + Standard Ration
Feed, H – T8: Kidney of rats fed with Standard Ration Feed only (control)
(H & E Magnification X 400)
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Histopathology analyses conducted in this study
revealed lesions such as vacuolar degeneration, atrophy,
necrosis of hepatocytes and kupffer cells in
photomicrographs of liver of the following treatments: rats
fed okra treated with SRF+ 2.5 ml of Dimethoate +
Cypermethrin (T2), rats fed okra treated with SRF+ 5 ml
of Dimethoate + Cypermethrin (T3), rats fed okra treated
with 20% PAPHE + SRF (T4), rats fed okra treated with
15% PAPHE + SRF (T5) and rats fed okra treated with
10% PAPHE + SRF (T6). This might be indicative of liver
cell damage or hepatotoxicity (Gregorio, 2001) as the liver
is the primary site of metabolism and detoxification. The
plant extract (Parkia biglobosa aqueous pod husk extract)
and synthetic insecticide (Dimethoate + Cypermethrin) did
not really alter the morphology of the kidney, as lesions
were observed in photomicrographs of kidney of animals
administered treatments T4 and T6 only. This might be
indicative of renal toxicity. Lesions were not observed
both in the liver and kidney organs of animals fed with
untreated okra + SRF (treatment T1), okra treated with 5%
extract + SRF (treatment T7) and standard ration feed
(SRF) only (treatment T8/ control).
Vacuolar degeneration is a reversible cell injury (Seely
and Brix, 2016); the liver of experimental animals in
which vacuolar degeneration was observed could revert
back to normal if the treatment is stopped. Atrophy refers
to a reduction in cell size; on the other hand, necrosis (also
a type of lesion) is an irreversible reaction to injury
otherwise called cell death (Syntichaki and Tavernarakis,
2002). If treatments of the experimental animals with the
toxicants continue for a longer period or at higher
concentrations, death of the cells may occur.
4. Conclusion
The variations observed in the levels of hematology
and serum biochemical parameters were results of
different concentrations of Parkia biglobosa aqueous pod
husk extract (PAPHE) and synthetic insecticide
(Dimethoate + Cypermethrin) used in the treatments
relative to the control. The toxic effects of PAPHE and
dimethoate + cypermethrin on the organs of fed okra
wistar rats may be due to any or a combination of all the
phytochemicals present in the aqueous pod husk extract.
This study revealed that rats exposed to feed containing
untreated okra + standard ration feed, standard ration feed
only and okra treated with 5% PAPHE + standard ration
feed were free from organ damages. As such, the aqueous
pod husk extract of Parkia biglobosa appears to be safe for
consumption at 5% concentration in agricultural
sustainability, food quality and safety.
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Abstract
The present study aimed to extract polyphenols from pomegranate (Punica granatum L.) peel extract (PPE) by maceration
using three different solvants: acetone 70%, ethanol 70% and methanol 70% (v/v). The antioxidant capacity potential was
determined by scavenging activity of free radicals (DPPH) and ferric reducing power (FRAP) assays. The antimicrobial
activity of PPE was evaluated against six oral pathogens isolated from dental caries and supragingival plaque (Streptococcus
mutans, Enterococcus faecalis, Gemella morbillorum, Staphylococcus epidermis, Enterococcus bugandensis and Klebsiella
oxytoca). The highest total phenolic and flavonoid contents were obtained with ethanolic PPE (204.67 ± 15.26 26 mg gallic
acid equivalents (GAE)/g dry weight (DW), 67.67 ± 1.53 mg quercetin equivalent (QE)/g DW respectively). The highest
proanthocyanidin content was observed with acetonic extract (220 ± 17.32 mg catechin equivalent (CE)/g DW). The
phenolic profile of ethanolic PPE was determined by HPLC analysis; peduncalagin, punigluconin and punicalagin as a
predominant ellagitannin have been identified. The highest scavenging activity (87.37 ± 1.36%) was exhibited by ethanolic
PPE with the lowest IC50 value (220 ± 14µg/ml) for DPPH, whereas the highest reducing power assay was observed with
acetonic PPE with a value of 1.48 at 700 nm. The antibacterial activity was investigated by microdilution method, all
bacteria were sensitive to the extract with MIC (minimum inhibitory concentration) ranging from 0.0125 to 100 mg/ml, the
Gram-positive bacteria are the most sensitive. Antibiofilm activity of ethanolic PPE was tested by crystal violet. The
maximum biofilm inhibition was observed at the highest concentration of the extract (MIC) with E. faecalis (91.95%) and S.
epidermis (90.7%). Results indicate the potential application of PPE as antioxidant and antibacterial agent against oral
pathogens and that it has great potential for prevention and treatment of dental caries.
Keywords: Punica granatum peel, polyphenols, antioxidant, oral biofilm, minimum inhibitory concentration (MIC).

1. Introduction
For a long period in history, a large number of
aromatic, spicy, medicinal, and other plants have been
used for their medicinal or aromatic properties. The plant
derived extracts and essential oils are a potential source of
natural
and
safer
antibacterial,
antioxidant,
anticarcinogenic, antifungal, analgesic, insecticidal,
anticoccidial and hypoglycemic agents (Hussain et al.,
2008 ; Dadashi et al., 2016). During the growth, Plants
generate a variety of secondary metabolites for their
defense against negative biotic and abiotic environmental
factors. Polyphenols, one of the main bioactive secondary
metabolites, are natural antioxidant agents which have an
important role in human health because of their ability to
scavenge free radicals (Saeed et al., 2012) which have
been implicated in the development of a number of
disorders, including cancer, neurodegeneration and
inflammation (Halliwell, 2007; Ferguson, 2010), giving
rise to studies of antioxidants for the prevention and
treatment of diseases.
Punica granatum Linn is a plant of punicaceae family;
the tree may grow up to five meters in height. It has
*
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glossy, leathery leaves and bears red flowers at the branch
tips (Khalil, 2004). The pomegranate is fruit of this plant,
locally known as romane variety safferi. The tree is native
in Asian countries; it has been cultivated and naturalized
over the whole Mediterranean region since ancient times
(Ahangari et al., 2012). Pomegranates have prominent
medical history, and possess remarkable medicinal
properties (Longtin, 2003) such as anti-inflammation, antidiabetes, anti diarrhea, treat dental plaque and aphtae and
to combat intestinal infections and malarial parasites
(Ismail et al., 2012). Recent studies also revealed the
efficacy of the pomegranate fruit against cancer,
atherosclerosis, infectious and coronary heart diseases
(Lansky et al., 2007; Fischer et al., 2011).The
pomegranate peels represent 50% of total weight of fruit,
they are an important source of bioactive compounds as
phenolics, flavonoids, ellagitannins, and proanthocyanidin
compounds (Li et al., 2006), minerals, mainly potassium,
nitrogen, phosphorus, magnesium, sodium, and calcium
(Mirdehghan and Rahemi, 2007), and complex
polysaccharides (Jahfar et al., 2003).
The oral cavity harbors diverse and complex microbial
community, more than 700 species have been detected in
human oral cavity, and they are composed by both
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commensal and pathogenic species (Paster et al., 2001;
Dewhirst et al., 2010). Some of these adhere to the teeth
and initiate formation of a dental bioﬁlm, which is the
major cause of dental caries and periodontal disease
(Hardie, 1992; Aas et al., 2005; Do et al., 2013). Oral
pathologies such as cavities and periodontal disease are
among the most prevalent worldwide (Petersen et al.,
2005). The poor oral health has a significant impact on
quality of life, as well as implications for systemic health;
there is a strong association between severe periodontal
diseases and diabetes, cardiovascular diseases, rheumatoid
arthritis, osteoporosis, stomach ulcers and gastric cancer
and the risk of pregnancy complications, such as preterm
low-birth weight (Watabe et al., 1998; Petersen et al.,
2005; Yeo et al., 2005; Rautemaa et al., 2007).
The aim of this research is to investigate the effects of
different solvents on the extraction of polyphenol from
pomegranate peels extract. We also investigate and
compare antioxidant, antimicrobial and antibiofilm activity
of acetone, ethanol and methanol pomegranate peel
extract. This study hints for a plausible economic
exploitation of an agroindustrial wastes in pharmaceutical
and food industries.
2. 2. Materials and Methods
2.1. Preparation of the Samples
The pomegranate fruits were collected from the region
of Hassi Mameche (Mostaganem, Algeria), during the
months of September and October, and identified by
Microbiology and vegetal biology laboratory at
Mostaganem University. Fresh pomegranate fruits were
peeled manually and collected peels were then rinsed with
distilled water. Peels were further cut into small pieces and
dried in an incubator at 30 °C for several days (6-7 days).
Dried pieces were ground into a fine powder by a blender
and stored away from light for further studies. The solvent
extraction procedure was carried out according to the
method described by Soares et al. (2009). The plant
extracts were prepared by mixing 5 g of grounded material
in 100 mL of diﬀerent solvents with increasing polarity:
acetone 70%, ethanol 70% and methanol 70% (v/v). The
mixture was then shaken for 24 hours at ambient
temperature prior to ﬁltration. The ﬁltrates were
concentrated under reduced pressure with a rotary
evaporator (Heidolph Laborota 4000) at 40°C. The
resulting crude extracts were stored at 4°C for further
analysis.
2.2. Phytochemical Analysis of Plant Extracts
2.2.1. Total Phenolic Content
The total phenolic content of all extracts was measured
using the Folin-Ciocalteu method described by the
International Organization for Standardization (ISO
14502-1:2005(E)). Aliquots of 1 mL of diluted extracts (2
mg/mL) were mixed with 5 mL Folin-Ciocalteu reagent at
10% (v/v). After 5 minutes, 4 mL of 7.5% sodium
carbonate solution was added to the mixture and incubated
for 60 minutes at room temperature in the dark. The
absorbance was measured at 765 nm against a blank. The
total phenolic content was calculated by the regression
equation of the calibration curve of gallic acid (ranging
from 10 to 50 µg/mL), and the results were expressed as

mg of gallic acid equivalents per gram of dry weight (mg
GAE/g of DW).
2.2.2. Total Flavonoid Content
Total flavonoids of the samples were measured by the
aluminum chloride spectrophotometric assay according to
Kumazawa et al. (2004). Briefly, 0.5 mL of trichloridric
aluminium (AlCl 3 ) at 2% (ethanolic solution) was added to
0.5 mL of appropriately diluted extract. After 10 minutes
of incubation at room temperature, absorbance was
measured at 420 nm. Quercetin was used as a standard for
the construction of the calibration curve (ranging from
0.125 to 40μg/mL). The results were expressed in mg
equivalent of quercetin per g dry weight (mg QE/g DW).
2.2.3. Proanthocyanidin Content
The proanthocyanidin content was carried out by the
modified vanillin assay (Sun et al., 1998b). 2.5 mL of each
methanolic solutions of a 1:3 (v/v) sulfuric acid and 1%
(w/v) of a vanillin solution were mixed with 1mL of
appropriately diluted extract in distilled water (1mg/mL).
The tubes were incubated at 30°C for 15 minutes, the
absorbance was measured using a spectrophotometer
(6715 UV / VIS, Jenway) at a wavelength of 500 nm. The
tannin content is estimated in mg equivalent of catechin
per gram of dry weight (CE/ g) from the calibration curve
(ranging from 50 to 400μg/mL).
2.3. High Performance Liquid Chromatography
Analysis
HPLC analyses are performed using a Shimadzu
instrument equipped with a high pressure liquid
chromatography pump (LC-2030C) with a deuterium UV
detector (LC-2030/2040 PDA). Phenolic compounds were
separated on Restek IBD ultra C8 reversed-phase column
(250mm x4.6mm ,5µm), using water/acetic acid (0.075%)
(Solvent A) and methanol/ acetic acid (0.075%) (Solvent
B) at pH 3. Flow rate for each sample was 0.8 mL/min,
column temperature was 35ºC and the detection was
monitored at 280 nm. The phenolic compounds were
identified by comparing their retention times with those of
pure standards.
2.4. Antioxidant Activity
2.4.1. DPPH Scavenging Assay
The antioxidant activity of the PPE was measured in
terms of radical scavenging ability, using the DPPH
modified method of Sanchez-Moreno et al. (1998). 50 µl
of each plant extracts at different concentrations from
0.025 to 5 mg/mL was added to 1950 µl of methanolic
solution of DPPH (0.025 g/l). The mixture was shaken
vigorously and left to stand for 30 minutes in the dark, at
room temperature. The absorbance was recorded at 515
nm on spectrophotometer. The control was prepared as
above without any extract and methanol was used as blank.
The scavenging ability (SA) was calculated as follows:
DPPH scavenging activity (%) = (A c –A s /A c ) x 100.
Where, A c is the absorbance of the control reaction and A s
is the absorbance of the test compound.
The EC50 value is the concentration of the sample
necessary to decrease initial concentration of DPPH by
50%; it was calculated from the nonlinear graph of
scavenging activity (%) versus concentration of samples.
Lower absorbance of the sample indicated the higher free
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radical scavenging activity but higher IC 50 value
indicates a weaker capacity to scavenge DPPH radicals.
2.4.2. Ferric Reducing Power Assay
The reducing power of the PPE was carried out
according to the method of Oyaizu (1986). 2.5 mL of
phosphate buffer solution (0.2 M, pH 6.6) and 2.5 mL of
1% potassium ferricyanide solution (K3 [Fe(CN)6]), were
mixed with 1 mL of various concentrations of the extracts
(0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL) diluted in distilled
water. After incubation for 20 minutes at 50°C, 2.5 mL of
10% trichloracetic acid (w/v) was added to the mixture.
After the centrifugation (Rotofix 32A) at 3000 rpm for 10
minutes, 2.5 mL of the supernatant was mixed with 2.5 mL
of distilled water and 0.5 ml of 0.1% ferric chloride
solution. The absorbance of the mixture was measured at
700 nm. Ascorbic acid was used as a positive control.
2.5. Antibacterial Activity
2.5.1. Sample Collection and Culturing Conditions
Samples were taken from the patients who exhibited
the sign and symptoms of dental caries and periodontal
diseases (gingivitis, periodontitis). Sterile cotton swaps
were used to collect microbial samples (from caries and
supragingival plaque) appropriately under the assistance of
dentist. Sample collection was performed at a community
health center in Mostaganem Algeria, on a total of 37
patients (male and female, age ranging from 4 to 61 year).
Informed consent was obtained from all patients in accord
with the protocol approved by the local ethics committee.
The samples were taken to the laboratory of microbiology
and vegetal biology at Mostaganem. The sticks were taken
out and put in nutrient broth and incubated at 37°C for 24
hours. For the isolation of etiological agents involved in
causing dental caries and teeth plaques, several media are
used to inoculating all samples; Trypticase soy agar (TSA)
+ 5% blood for the isolation of a facultative anaerobic
bacteria, Mac Conckey’s medium for the isolation of
aerobic Gram-negative bacteria, Chapman agar for
isolation of staphylococcus strains. Then the inoculated
plates are incubated at 37°C for 24 or 48 hours in aerobic
or anaerobic conditions. After the purification of the
isolates, a bacterial identification is carried out by the
conventional methods of microbiology (morphology of
colony, gram stain reaction, and biochemical tests
including catalase, oxidase, Voges-Proskauer and methyl
red), hemolytic test and the utilization of API 20 strep, API
staph and API 20E (Biomérieux, France). Isolated cultures
were identiﬁed and screened for bioﬁlm formation.
2.5.2. Determination of Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal
Concentration (MBC)
MIC of ethanolic, methanolic and acetonic crude
extract of pomegranate peels was evaluated by the
microdilution method by using 96-well microplates
(Gulluce et al., 2007). The stock solution of each extract
(200 mg/mL) was prepared in 10% dimethylsulfoxide
(DMSO), from this solution twofold serial dilutions were
made in a concentration range from 200 mg/mL to 0.0125
mg/mL. 100 μl of stock solution, is added to the wells of
the first line of the microplate, then 100 μl of the different
dilutions are added successively in the following lines. 90
µl of nutrient broth and 10µl of inoculums (adjusted at 0.5
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Mc Farland) were introduced in each well. The
microplates were incubated at 37°C for 24 hours. The MIC
was determined as the lowest extracts concentration of the
permitting no visible growth of microorganism (no
turbidity).
The minimum bactericidal concentration (MBC) is the
lowest concentration of the extract that inhibited visible
growth of the microorganism. The MBC were determined
by subculturing 10 µL of the culture from each negative
well on Mueller Hinton Agar, and incubated at 37°C for 24
hours. All these analyses were performed in triplicate.
2.6. Determination of Antibiofilm Activity
2.6.1. Biofilm Formation Assay
The ability of the isolates to adhere to the abiotic
surface in vitro was tested by the adopted tube method
(Lim et al., 2008) with some modifications. The bacterial
strains were inoculated in TSB at 37°C with stirring
overnight, then the density was adjusted to 108CFU/mL at
600 nm. Isolates were inoculated (200µl) in 2 mL
trypticase soy broth (TSB) with 5% sucrose and incubated
for 2, 4, 6, 24 and 48 hours at 37°C at static condition.
The quantitative analysis of biofilm formation was
performed using crystal violet staining of the attached cells
(Djordjovic et al., 2002). The planktonic-phase cells were
gently removed and the glass tubes were washed three
times with PBS, allowed to air dry for 20 minutes, then
stained for 20 minutes with 0.1 % crystal violet (w/v) and
rinsed thoroughly to remove excess stain and dried for 20
minutes. 2 mL of 95% ethanol was added into each tube
and incubated for 30 minutes. The optical density of 2 mL
distained solution was examined at 595 nm using a
spectrophotometer. All tests were performed in triplicate.
2.6.2. . Quantitative Assay of Biofilm Inhibition
In this study, the ethanolic PPE was chosen because of
its efficacy. The ability of the extract to inhibit biofilm
formation of oral pathogen was tested by tube method, by
the adopted method from Cramton et al., (1999) with little
modifications. Briefly 1mL of inoculated fresh TSB+5%
sucrose (adjusted to 108 CFU/mL at 600 nm) was
dispensed into each test tube in presence of 1 mL of
different concentrations of PPE (ranging from final
concentration MIC to 6.25% MIC). The tubes with
bacterial suspension and D.W are considered as negative
control. All the tubes are incubated at 37°C for 48 hours.
After incubation, the biofilm was assayed using the crystal
violet staining method (Djordjovic et al., 2002).
The results are expressed as percentage inhibition:
[(OD growth control – OD sample) / OD growth control] ×
100.
2.7. Statistical Analysis
All analyses were carried out in triplicate; the values
were then presented as average values along with their
standard derivations. Data were statistically analyzed by
One-way analysis of variance (ANOVA) complemented
with Tukey’s test with SPSS version 25. Results were
considered significant if p <0.05.
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Dataf ile Name:Grenadine Ethanol4.lcd
Sample Name:Grenadine Ethanol
Sample ID:Grenadine Ethanol

3. Results
3.1. Determination of Polyphenol, Flavonoid and
Proanthocyanidin Contents
Data in table 1 summarizes the contents of total
phenolic, flavonoid and proanthocyanidin of the 70%
acetonic, 70% ethanolic and 70% methanolic extracts of
pomegranate peels. The total polyphenol contents of PPE
are in the range of 80.67 ± 1.15 to 204.67 ± 15.26 mg
gallic acid equivalents (GAE)/g dry weight (DW). The
highest TPC was obtained with 70% ethanol. With respect
to TPC extraction yield, solvents used in the present study
could be classified in the following decreasing order:
ethanol 70% (204.67 ± 15.26 mg GAE/g DW), acetone
70% (176.67 ± 3.06 mg GAE/g DW) and methanol 70%
(80.67 ± 1.15 mg GAE/g DW). The total flavonoids
contents in PPE ranged from 54.67 ± 4.62 to 67.67 ± 1.53
mg quercetin equivalent (QE) /g DW.
The solvent classification with respect to their
extraction efficiency was similar for polyphenols and
flavonoids. Ethanolic extract showed the highest value of
the flavonoids contents, while the lowest value was
obtained by methanolic extract.
Based on the results, it is evident that the PPE is rich in
proanthocyanidin and ranged from 115 ± 13.23 to 220 ±
17.32 mg CE/g; the highest level of condensed tannins was
observed with acetonic extract, followed by ethanolic
extract.
Table 1. The total phenolic, flavonoid and tannin contents of
pomegranate peel extracts
Pomegranate
peel extract

Total
phenolic

Total
flavonoid

Proanthocyanidin

mg GAE/g

mg QE/g

Acetonic PPE

176.67 ±
3.06

60 ± 20

220 ± 17.32

Ethanolic PPE

204.67 ±
15.26

67.67 ±
1.53

145 ± 50

Methanolic
PPE

80.67 ±
1.15

54.67 ±
4.62

115 ± 13.23

mg CE/g

The data are displayed with mean standard deviation of twice
replications.

3.2. HPLC Analysis
In order to identify components from PPE, HPLC
analysis was performed on ethanolic PPE (Figure 1),
which has shown the highest level of polyphenols. The
results revealed the presence of tannins as peduncalagin,
punicalagin and punigluconin respectively in ethanolic
PPE by comparisons to the retention time and UV spectra
of authentic standards. In the present study, the
punicalagin was determined as predominant in the extract;
it constituted of 36.451% of the total extracted compounds
followed by peduncalagin (23.430%) and punigluconin
(9.486%).
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Figure 1. HPLC chromatogram of ethanolic pomegranate peels
extract recorded at 280 nm. Peak 1 is peduncalagin; peak 2 is
punicalagin; peak 3 is punigluconin.

3.3. DPPH Assay
In the present study, we have evaluated the free radical
scavenger activity of ethanol 70%, acetone 70% and
methanol 70% PPE; the scavenging activity of DPPH in
PPE solution was determined in percentage and compared
with a standard ascorbic acid. The decrease in absorbance
of DPPH radical is caused by the reaction between
antioxidant found in a mixture solution of the PPE and
DPPH, which induces the change in color of the mixture
from purple to yellow. The hydroalcoholic extracts showed
concentration dependant on antiradical activity.
Antioxidant activity of phenolic compounds varied greatly
according to tested solvent as given in Table 2. The
highest scavenging activity (87.37 ± 1.36%) was exhibited
by ethanolic PPE followed by acetonic PPE (57.84 ±
4.85%), their DPPH radical scavenging activity are not
significantly different, whereas methanolic PPE had the
lowest antioxidant property (22.23 ± 0.76%) and is
significantly different from ethanolic PPE (p = 0.043).
When compared to a standard ascorbic acid, the DPPH
radical scavenging activity of ethanolic PPE was higher at
concentrations ranging from 25 µg/mL to 50 µg/mL;
however, its antiradical activity is lower than ascorbic acid
at concentrations ranging from 100 µg/mL to 1000 µg/
mL. The EC 50 values obtained for the investigated plant
extracts were in the range from 220 ± 0.02 µg/mL to 700 ±
37 µg/mL. The EC50 of ethanolic PPE had the lower value
(220 ± 0.02 mg/mL) in comparison with the different
extracts (Table 3).
In this present study, a positive relationship exists
between the total phenolic content, flavonoid content and
the antioxidant activity of the PPE. This is because the
highest antioxidant capacity was exhibited by 70%
ethanolic extract which also showed the highest
concentrations of phenolics and flavonoids. Likewise,
methanolic PPE extract exhibited the lowest
concentrations of phenolics, flavonoids and antioxidant
activity.
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Table 2. DPPH radical scavenging activities (%) of 70% acetonic,
70% ethanolic and 70% methanolic PPE. Ascorbic acid was used
as positive control
Concentration % of inhibition
(µg/mL)

Acetonic
PPE

25

Ethanolic
PPE

Methanolic
PPE

Ascorbic
acid

20.27± 0.88 44.74± 1.05

4.57± 2.16

5.41± 2.19

50

34.81± 0.54 46.79± 0.68

13.09± 0.82

21.04± 3.92

100

44.53± 1.97 50.96± 0.84

17.03± 2.28

63.61± 6.61

500

46.01±1.84

70.54± 0.63

22.01± 0.55

90.24± 1.78

1000

57.84±4.85

87.37± 1.36

22.23± 0.76

97.24± 0.90
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3.5. Identification and Selection of Oral Pathogen
In this study, samples were collected from 37 patients,
males and females, of different age groups; all samples
were cultured on different media, and conventional
methods were used for isolation and identification. Strains
were identified as Streptococcus mutans, Streptococcus
salivarius, Streptococcus constellatus, Enterococcus
faecalis, Enterococcus faecium, staphylococcus epidermis,
staphylococcus aureus, Lactobacillus sp, Klebsiella
oxytoca, Enterobacter bugandensis. Six strains exhibiting
significant biofilm formation were selected for our study,
for which four were selected for antibiofilm activity and
subjected to molecular identification (data not shown).

The data are displayed with mean ± standard deviation of twice
replications.

Table 4. Gram staining and cell morphology of isolated bacteria.
Strains

Gram staining

Morphology

Table 3. EC50 concentrations of DPPH scavenging activity from
bioactive compounds.

Streptococcus mutans

+

Cocci

Bioactive compounds (PPE)

EC50 (µg/mL)

Gemella morbillorum

+

Cocci

Acetonic PPE

510± 20

Enterococcus faecalis

+

Cocci

Ethanolic PPE

220± 14

Staphylococcus epidermis

+

Cocci

Methanolic PPE

700± 37

Ascorbic acid

200± 26

Klebsiella oxytoca

-

Rod

Enterobacter bugandensis

-

Rod

Values are expressed as mean of three replicates. EC50: the
sample concentration required to scavenge 50% free radicals.
Ascorbic acid was used as positive control.

3.4. FRAP Assay
The reducing power was used to investigate the ability
of the antioxidants found in the extract to donate an
electron and reduce Fe+3 to Fe+2. In this experiment,
depending on the reducing power of the sample, the yellow
color of the test solution changes to pale green and blue
color. As shown in Figure 2, it was found that the increase
in extract concentration increases the reducing power
activity. The reducing power of acetonic, ethanolic and
methanolic PPE at different concentrations showed a range
of absorbance values from 0.13 to 1.48 at 700 nm; the
activity of the three extracts was not significantly different
(p= 0.657). These values were lower than those obtained
with ascorbic acid with absorbance values from 0.71 to
2.28; the reducing power of the reference compound is
significantly higher (p <0.05) than that of methanolic and
ethanolic PPE. The lowest reducing power was found in
the methanolic PPE; this result confirmed that obtained by
DPPH assay.

Figure 2. Reducing power of PPE. Eth extr = ethanol extract;
Meth extr = methanol extract; Acet extr = acetone extract;
Ascorbic acid was used as positive control.

3.6. Antibacterial Effect
Antibacterial activity was evaluated by determining the
MIC and MBC of the PPE against oral pathogen by
microdilution method, according to Gulluce et al. (2008).
The three PPE, screened for antimicrobial activity,
showed antibacterial activity against all strains. As evident
from the Table 5, the intensity of antibacterial activity of
the extracts varied depending on the species of bacteria.
Statistical analysis reveals that extracts from pomegranates
peels exhibited significantly different antimicrobial
potential against tested strains (p= 0.026). Gram-negative
bacteria are more resistant to the extracts. The highest MIC
values were observed with E. bugandensis (from 3.15
mg/mL tо 100 mg/mL), followed by K. oxytoca with
action interval of PPE from 12.5 to 25 mg/mL. PP extracts
are the most effective against S. mutans and E. faecalis
(MIC values from 0.0125 to 0.025 mg/mL). In comparison
between the effects of the ethanolic, methanolic and
acetonic PPE on each strain, there is not statistically
significant difference in activity (p < 0.05). Action interval
of acetonic, ethanolic and methanolic extract was from
0.0125 mg/mL to 12.5 mg/mL, from 0.025 mg/mL to 100
mg/mL and from 0.0125 mg/mL to 100 mg/mL
respectively.
On the other hand, results of minimum bactericidal
concentrations (MBC) are listed in Table 5, where the
ethanolic and acetonic PPE have the lowest MBC values
and have approximately the same values against oral
pathogens. They were in the range from 6.25 mg/mL to
˃200 mg/mL. CMBs of methanolic PPE were in the range
from 25 mg/mL to 200 mg/ML; there are no significantly
differences between the MBC values of the three extracts.
MBC results show that S. mutans and E. faecalis were the
most sensitive, E. bugandensis and K. oxytoca were the
most resistant microorganisms and have significantly
different values of MBC than the other strains, which
confirm the results of the MIC. A bacteriostatic activity of
the PPE was observed in all the strains.
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Table 5. MIC and MBC of acetonic, ethanolic and methanolic
PPE.
Species

Acetone Ethanol Methanol Acetone Ethanol Methanol
MIC (mg/mL)

S. mutans

0.0125

MBC (mg/mL)

0.025

0.025

6.25

6.25

100

G.morbillorum 12.5

12.5

25

12.5

12.5

25

E. faecalis

0.025

0.0125

6.25

12.5

25

0 .0125

S. epidermis

0.4

0.05

0.05

25

12.5

12.5

K. oxytoca

12.5

12.5

25

˃200

˃200

200

E.bugandensis

3.15

100

100

100

200

200

MIC: minimum inhibitory concentration; MBC: minimum
bactericidal concentration.

3.7. Antibiofilm Activity
In this study, the in vitro antibiofilm effect of the
ethanolic PPE was evaluated against four selected oral
pathogens by tube method. The effect of PPE on biofilm
formation was evaluated by staining with crystal violet as
previously reported (Djordjevic et al., 2002). The
adherence capabilities of the strains were classified into
four categories, no/low (OD595 < 0.2), moderate (0.2 <
OD595 < 0.4), high (0.6 < OD595 < 1), and very high
(OD595 > 1) biofilm producers (Russo et al., 2018). All
the strains showed positive result on their capability of
biofilm formation (Figure 3). G. morbillorum and E.
bugandensis formed the thickest biofilm (very high
producer), E. faecalis, S. epidermis, K. oxytoca were
classified as high biofilm producers and S. mutans as
moderate biofilm producer. There are no significant
differences in biofilm formation between strains.
Susceptibility of biofilms against plant extract showed
that the effect of tested ethanolic PPE inhibited the biofilm
formation of all the strains (Figure 4), and the obtained
effect was dose dependent. The extract showed good
antibiofilm activity ˃50% against all tested bacteria.
Significant differences (p< 0.05) were observed between
different extract concentrations in biofilm inhibition
values. Doses of MIC, 50% MIC and 25% MIC had a
greater influence in biofilm eradication than doses of
12.25% MIC and 6.25% MIC. The maximum biofilm
inhibition was observed at the highest concentration of the
extract (MIC) with E. faecalis (91.95%) and S. epidermis
(90.7%), and the lowest biofilm reduction was observed
with E. bugandensis (62.66%).

Figure 3. Quantification of biofilm formation by tube method
after 2, 4, 6, 24 and 48 hours of incubation. Values represent
means ± standard errors for three replicates. Data with different
letters indicate significant difference at p< 0.05.

Figure 4. The effect of ethanolic PPE on the formation of
bacterial biofilms. Values represent means ± standard errors for
three replicates. Different letters denote significant difference
from one another (p < 0.05).

4. Discussion
Recently, the use of medicinal plants as antibacterial
agent has increased due to opposing effects of antibiotics
and the increasing resistant pattern of bacteria which made
that antibiotics lose their efficacy (Davies, 1994; Service,
1995; Ahmad et al., 1998). For this, it is necessary to find
an alternative of antibiotics for the treatment of infectious
diseases. Among these, Punica granatum, known for its
antioxidant and antimicrobial activities, these properties
could be attributed to the production of several secondary
metabolites by the plants (Khan et al., 2017). Therefore, in
the current study we have evaluated different classes of
phenolic compounds. The results indicated that the
pomegranate peel extract is rich in polyphenol and
proanthocyanidin contents. Our results are in agreement
with Elfalleh et al. (2012) and Shinde et al. (2015) who
reported that total phenolic content of pomegranate peels is
85.60 ± 4.87 and 212 ± 20.55 mg GAE/g DW respectively.
The ethanolic PPE has the highest polyphenol and
flavonoid contents. Ethanol has been known as a good
solvent for polyphenol extraction and is safe for human
consumption (Dai and Mumper, 2010). Malviya et al.
(2014) and Wang et al. (2011) also reported that content of
polyphenols and flavonoids in ethanol extract of
pomegranate peels are higher than water, methanol and
acetone extracts. There is a different factor that influenced
the variation in the recovery of phenolics and flavonoids
from natural products, the type of plant, the nature of
compounds to extract and the efficiency of extraction
solvents to dissolve such compounds (Shabir et al., 2011;
Roudsari et al., 2007). Also, the use of mixed solvents
(solvent+ DW) results in an enrichment of the extracts in
polyphenols, which is due to the increase in the solubility
of the phenolic compounds in the extracts (Mohammedi
and Atik, 2011; Trabelsi et al., 2010). The results indicated
that PPE contained higher level of tannins compounds,
which is in compliance with the literature (Machado et al.,
2002; Voravuthikunchai et al., 2005; Al zoreky, 2009).
Wang et al. (2011) found that the proanthocyanidins
content of ethanol and acetone extracts were higher than
the methanol extract. Also, Vijayalakshmi et al. (2017)
revealed the presence of highest total tannin content in the
ethanolic PPE.
HPLC analysis was performed to obtain more
information about the nature of the phenolic compounds
present in the ethanolic PPE. The results showed the
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presence of three ellagitannins with punicalagin as major
components. The pomegranate peel is a rich source of
ellagitannins, especially punicalagin, gallic acid, ellagic
acid (Gil et al., 2000; Cerdà et al., 2003). Punicalagin,
which belongs to the class of hydrolisable tannins, is the
most abundant component and is characteristic compounds
in pomegranate peel (Seeram et al., 2006; Bakkalbaşi et
al., 2009). Our findings are in correlation with other
studies, Middha et al. (2013) and Kwak et al. (2005)
revealed the presence of punicalagin as a major
ellagitannin in PPE. Other authors (Choi et al., 2011; Çam
and Hişil, 2010) found in addition to punicalagin other
compounds such as ellagic acid and gallic acid.
Furthermore, HPLC analysis of methanolic PPE carried
out by Ali et al. (2014) revealed the presence of
pyrogallol, chlorogenic acid, coumaric acid, ferulic acid,
cinnamic acid, benzoic acid, catechin, rutin, acacetin,
genistein and kaempferol. These variations in results are
probably due to the used solvent, which have an impact on
the composition of PPE (El-Falleh et al., 2012). Also
several factors (environmental, processing and post
harvesting) influenced the composition of the peel
(Houston, 2005).
In vitro radical scavenging and antioxidant capacity of
the PPE were studied by using DPPH free radical
scavenging assay and Ferric reducing power assay. The
DPPH test is used to measure the capability of antioxidants
in plants extracts to scavenge free radicals from the DPPH
solution by donating hydrogen atoms or electrons, which
converts free radicals into more stable products (Roudsari.,
2007; Sajid et al., 2012).
In the DPPH test, the scavenging activity of the extract
varies according to the extraction methodology and the
polarity of solvent used for extraction; this could be due to
the solubility or insolubility of different antioxidant
compounds found in the extract with different chemical
characteristics and polarities in particular solvent (Bushra
et al., 2009; Boeing et al., 2014). In the present studies,
ethanol is a better solvent than acetone and methanol.
Results were consistent with the findings of Malviya et al.
(2014), who reported such higher antioxidant activity was
found in 100 % water and 70 % ethanol: 30 % water.
The FRAP assay is a simple method frequently used in
the evaluation of antioxidant compounds of fruits,
vegetables and some biological samples (Wong et al.,
2006). In this method, acetonic extract gave the highest
reducing power followed by ethanolic extract. Similar
results were reported by Thitipramote et al. (2019) where
acetonic and ethanolic PPE exhibited the highest bioactive
compound and antioxidant activity in ferric reducing
power assay. Other authors found the best results of
antioxidant activity in methanolic PPE (Li et al., 2006;
Pagliarulo et al., 2016). The differences in results may be
attributed to the type of pomegranate variety, storage time,
harvesting date, climate conditions and method of
extraction, as well as solvent concentration (Moure et al.,
2001; Robards , 2003; Pinelo et al., 2004).
In the current study, PPE showed antibacterial activity
against all tested bacteria. The intensity of antibacterial
activity varied depending on the tested bacteria. Grampositive strains are more sensitive to PPE than Gramnegative bacteria. This variation in sensitivity is ascribed
to the differences in cell wall composition. The cell wall of
Gram-positive bacteria contains a thick peptidoglycan

409

layer, while the cell wall of Gram-negative bacteria
contains a thin peptidoglycan layer that is surrounded by a
thick cytoplasmic membrane and perisplastic space, which
prevents the penetration of antimicrobial substances
(Staszewski et al., 2011; Oliveira et al., 2013). AlvarezOrdonez et al. (2014) reported that the plant extracts were
able to disrupt the molecular structure of the bacteria cell
wall and caused leakage of intracellular content, causing
increasing in membrane permeability. Several authors
have also observed low MIC values for plant extracts for
Gram-positive bacteria and high values was reported for
Gram-negative bacteria (Burt, 2004; Al-Zoreky, 2009;
Hayrapetyan et al., 2012; Tayel et al., 2012). The present
research was in line with other studies demonstrating
antibacterial effect of punica granatum L. peel extracts
against S. aureus, Salmonella enterica, Shigella sonnei, E.
coli, Bacillus subtilis and Enterococcus faecalis (Machado
et al., 2002; Voravuthikunchai et al., 2005; Pagliarulo et
al., 2016; Rosas-Burgos et al., 2017). In the work carried
by Malviya et al. (2014) the antibacterial activity of
ethanolic PPE of Ganesh variety was demonstrated on
Staphylococcus
aureus,
Enterobacter
aerogenes,
Salmonella typhi and Klebsiella pneumonia. In the study
by Jaisinghani et al. (2018), the inhibitory effect of
ethanolic PPE cultivars against both Gram-negative and
positive bacteria strains have been reported. The
ellagitannins are the major components of pomegranate
peel polyphenols, which have been implicated in
antimicrobial, anti-inflammatory and anti-cancer activities
(Adams et al., 2006; Glazer et al., 2012). Bialonska et al.
(2009) has reported effect of pomegranate tannin
constituents on the growth of various species of human gut
bacteria in vitro. The tannins increase bacteriolysis,
interfere with mechanisms of bacterial adhesion onto the
tooth surfaces (Pereira et al., 2006).
The six oral isolates were screen for the biofilm
formation by tube method. All the strains showed
adherence of the stain in test tube. The antibiofilm activity
was tested at concentrations ≤ CMI of ethanolic PPE
against four selected oral pathogens. Results showed that
the tested extract could inhibit the biofilm formation for all
tested bacteria in a dose-dependent manner, the inhibitory
effect
increased
with
increasing
concentration.
Vasconcelos et al. (2006) demonstrate the potential of PPE
to significantly reduce the adherence of three standard
streptococci strains (mutans ATCC 25175, sanguis ATCC
10577, and mitis ATCC 9811) of dental plaque and the
high efficiency of pomegranate gel in inhibition of
bacterial adherence. Menezes et al. (2006) observed the
effect of the pomegranate hydroalcoholic extract to
significantly reduce the bacteria of dental plaque and
concluded that this extract could be helpful in the
prevention of diseases caused by plaque bacteria. These
results are supported by an in vitro study of several authors
(Kakiuchi et al., 1986, Pereira et al., 2006) who
demonstrated that the antimicrobial action of Punica
granatum Linn on the inhibition of adherence of dental
biofilm bacteria is the result of disturbance of glucan
synthesis, thus preventing the adhesion of these bacteria to
dental surface.
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5. Conclusion
This study showed that pomegranate peels are a
potential resource for phenolics, flavonoids and
proanthocyanidins. The phytochemistry of ethanolic
extract was the highest followed by acetonic extract.
This research revealed the highest antioxidant activities
of pomegranate peels which may be attributed to
ellagitannins identified by HPLC analysis. All extracts of
pomegranate peels have inhibitory effect against both
Gram-negative and Gram-positive bacteria. Also, the
ethanolic PPE are able to inhibit biofilm formation of E.
faecalis, S. epidermis, K. oxytoca and E. bugandensis. So,
the use of pomegranate peels, which is the by product,
could be interesting for its antioxidant and antimicrobial
activities against oral pathogen by its incorporation in
gum, mouthwash, toothpaste and in the elaboration of
products to reduce caries and dental plaque.
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