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material.
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Title Page
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The name of the corresponding author should be indicated along with telephone and fax numbers (with
country and area code) along with full postal address and e-mail address.



Abstract

The abstract should be concise and informative. It should not exceed 350 words in length for full
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It
should briefly describe the purpose of the work, techniques and methods used, major findings with
important data and conclusions. No references should be cited in this part. Generally non-standard
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use.

Keywords

Immediately after the abstract, about 4-8 keywords should be given. Use of abbreviations should be
avoided, only standard abbreviations, well known in the established area may be used, if appropriate.
These keywords will be used for indexing.

Abbreviations

Non-standard abbreviations should be listed and full form of each abbreviation should be given in
parentheses at first use in the text.

Introduction

Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and
the scope and justification of the work done.

Materials and Methods

Give adequate information to allow the experiment to be reproduced. Already published methods
should be mentioned with references. Significant modifications of published methods and new methods
should be described in detail. Capitalize trade names and include the manufacturer’s name and address.
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Results

Results should be clearly described in a concise manner. Results for different parameters should be
described under subheadings or in separate paragraph. Results should be explained, but largely without
referring to the literature. Table or figure numbers should be mentioned in parentheses for better
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Discussion
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Conclusions
This should briefly state the major findings of the study.
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repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly.
Figure legends should be given below the figures.
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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. JIBS celebrated its 12" commencement this past January, 2020.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality 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 JIBS 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 JIBS in a position of most authoritative on biological sciences. I am
honored to have six eminent associate editors from various countries. | 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 JIBS, | 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.
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19.7% of all cancer cases reported that year (Annual
1. Introduction 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 HER2-
and 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 basal-
like characteristics.

In the USA, TNBC represents about 15-20% of all
newly diagnosed breast cancers, and is responsible for

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 life-
saving 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
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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 (M),
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 anti-
cancer 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
etal., 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-a-reductase in
peripheral tissues, skin, hair follicle, bone, prostate and
liver, or by aromatase to the potent estrogen, 17p-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). AR-
regulated 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 chemotherapy-
resistant (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 (Szakacs 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).

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 (P-
gp/ABCB1), multidrug resistance associated protein-1
(MRP1/ABCC1), and breast cancer resistant protein
(BCRP/ABCG2) (Huang et al., 2014; An et al., 2017).
ABCG?2 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 | inhibitors, disease-
modifying 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). ABCG2-
expressing 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 self-
renewal 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 bheen 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 down-
regulated in androgen-treated breast cancer cells affecting
chemoresistance to mitoxantrone, a topoisomerase Il
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 Griffiths-
Jones, 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 5'-
heptametrical seed sequence with the 3’ untranslated
region (3'-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
miRNASs 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 (lorio 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 over-
expressed 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 miR-
9, 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-to-
mesenchymal 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 PI3BK/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 mMiIRNA-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-33a-
5p significantly increased cell sensitivity toward
doxorubicin in TNBC, but not other breast cancer types
(Guan et al., 2019). Downregulation of miR-27h-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 paclitaxel-
resistant 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, ¢ and d was up-regulated in
androgen-treated MDA-MB-453 cells while other 7
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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 mIiRNA 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 MDA-
MB-231 cells (Al-Othman et al., 2018). The general
experimental conditions and results of these studies are

miRNAs were downregulated. The regulation of miRNA summarized n Figure. L
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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
ABCG?2 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
ABCG?2 (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, miR-
181a, 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
ABCG?2 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 11 (47.9%), DD (42.7%) and DD genotypes (9.6%)
in normal group were compared with genotypic frequencies of Il (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

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 17¢23, spans 21 kilo bases (kb) long and

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 Il is
the main effector of this system, produced from
angiotensin | (Ang 1) 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

“ Corresponding author e-mail: atifamin@unisza.edu.my.

comprises 26 exons and 25 introns (Sayed-Tabatabaei et
al., 2006). A common insertion (l) /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 Il 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

“ 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 non-
obese as control, selected after primary obesity screening
using body mass index (BMI) which classifies them as
obese (BMI > 30kg/m?) and non-obese (BMI 18.50 —
24.99kg/m?) according to the World Health Organization
criteria (WHO, 2000). Those who were eligible but with
cardiovascular and respiratory disease, diabetic patients,
underweight (BMI < 185kg/m?) and overweight
(25.0kg/m® < BMI < 29.99kg/m?) 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)"*] — 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 Rodriguez-
Moran, 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 pL containing 1X PCR buffer,
1.7mM MgCl,, 0.34mM dNTPs, 0.8 uM of each primer
and 1U Taq polymerase (Promega, Madison, WI). The
amplified products at 190bp, 490bp and both 190bp and
490bp for Il, 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 (ClI) 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 1/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 11 subjects without significant differences.
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Table 1. Anthropometric measurements and lipid profiles in all
subjects according to ACE /D genotypes.

ACE genotypes (n=217)

P-value
11 (n=112) ID (n=85) DD (n=20)

Age (year) 36.31 + 11.27 36.64 £ 9.76 31.70 +£ 10.08 0.160
Weight (kg)!  66.77 + 16.93 69.76 + 18.69 67.29 £ 15.79 0.488
Height (m)" 1.59 +0.08 1.59 +0.08 1.60 + 0.06 0.786
BMI(kg/mz)‘ 26.37 £5.75 27.40 £6.15 26.27 £ 6.16 0.450
WC (cm)t 80.60 + 14.46 83.80 £+ 15.12 82.55 + 16.30 0.326
HC (cm)t 98.86 + 12.93 99.98 + 10.40 99.98 + 10.61 0.782
WHR! 0.82 £ 0.09 0.83+0.10 0.82 £0.10 0.407
WHtR! 0.51+0.08 0.53 £ 0.09 0.52 £0.10 0.322
CIt 1.14+0.10 1.17+0.10 1.17+0.12 0.263
AVI! 13.70 + 4.87 14.74 £+ 5.15 14.42 + 5.68 0.358
BAI' 31.53 £ 6.68 31.97 £5.30 31.51+6.26 0.872
BF (%) 28.25 £ 8.35 28.76 £ 7.52 26.60 + 10.80 0.575
TG (mmol/L)' 1.0 (0.30-14.30) 1.00 (0.40-7.90) 0.85 (0.50-4.90) 0.677
TC (mmol/L)" 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
(mmol/L)"

LDL-C 3.85+1.18 3.99+1.25 3.98+1.06 0.720
(mmol/L)"

LOne-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, waist-
hip ratio; WHtR, waist height ratio; Cl, 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 Il, 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).

M 1 3 4 3 € 7 8 3 10 11

1300bp—>|

1000bp
00bp
500bp
200bp
300bp

200bp

100bp

M= 1ty DR ddud teromegi U3 4 )
Lane 1="Positive control for homozygousIl
Lane 2= Positive control for heterozygousID
Lane 3= Positive control for homozygousDD
Lane 4= Negative control (blank)

Lane 5, 6 and 9=1ID genotype

Lane 7, 10, 11=II genotype

Lane §=DD genotype

Figure 1. Determination of ACE gene I/D alleles by PCR
(separated on a 2% ethidium bromide stained agarose gel)
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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 Il subjects without significant differences
(Table 2). In non-obese group, LDL-cholesterol was
slightly higher in 1l subjects than the DD and ID subjects
without statistical significance (Table 3).
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Table 2. Comparison of anthropometric parameters and lipid profiles in obese subjects grouped by ACE genotypes

ACE genotypes

11 (n=45) ID (n=40) DD (n=9) P-value® P-value®
Age (yean)! 40131111 39.18 % 8.51 34.44% 9.66 0.298 0378
Weight (kg)" 83.74 + 12.23 85.70 + 13.89 82.70+7.92 0.706 0.591
Height (m)" 1.60+0.08 1,60+ 0.09 159 +0.06 0.937 0.879
BMI(kg/m?). 32,64 +3.37 33,20 + 3,51 32524242 0.706 0.528
WC (cm)t 94.05 + 10.86 96.10 + 11.04 97.17 £12.82 0.601 0.328
HC (cm)' 109.98 + 12.45 107.80 + 9.06 109.72 + 6,55 0.632 0.408
WHR! 0.87 +0.08 0.89 +0.08 0.89 +0.12 0.366 0.156
WHIR'! 0.59 + 0.06 0.59 + 0.06 0.61+0.08 0511 0.293
cr 119+ 0.09 121+0.09 124+0.14 0.456 0.327
AVI 18.21+4.15 18.86 + 4.26 19.39+4.89 0.663 0.399
BAI! 36.51 + 6.74 3519+ 4.61 36,63+ 4.50 0.534 0.372
BF (%). 33,87 +6.23 33.41 6,01 3422 +8.80 0.018 0.817
TG (mmol/L) 120(050-1430)  135(0.60-360)  2.10(0.90-490) 0403 0.233
TC (mmol/L): 5.48 + 1.45 5.96 + 1.43 5.92 + 1,59 0.294 0.117
HDL-C (mmol/L)" 1164032 1274025 118+0.38 0.247 0.146
LDL-C (mmol/L)" 389+ 1.16 435+1.28 428+1.19 0.216 0.081

tOne-way ANOVA test; ' Kruskal-Wallis non-parametric test. Data expressed as mean = SD, or as median (minimum — maximum) for the
skewed data

@ Comparison by one-way ANOVA test (Il genotype vs. ID genotype vs. DD genotype) for all variables except for TG by Kruskal-Wallis
non-parametric test

P Comparison by t-test (Il 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; Cl, 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 . b
P-value P-value
Il (n=67) ID (n=45) DD (n=11)
Age (year) 33.75+£10.71 34.38 £10.33 29.45+10.29 0.378 0.861
Weight (kg) ! 55.38 £7.36 55.60 +7.72 54.68 £5.93 0.934 0.974
Height (m)t 1.58 £0.08 1.58 £ 0.08 1.61+0.06 0.531 0.790
BMI(kg/m?)t 22.17+1.82 22.25+1.89 21.25+1.85 0.198 0.697
WC (cm)t 71.56 £8.16 72.86 +8.27 70.59 + 4.86 0.590 0.556
HC (cm)t 91.39 £6.07 93.03+5.36 92.00 £4.92 0.333 0.166
WHR! 0.78 £0.07 0.78 £0.08 0.77 £0.05 0.791 0.809
WHtR'! 0.45+0.05 0.46 +£0.05 0.44 +£0.04 0.361 0.626
CIt 1.11+£0.09 1.13+£0.10 1.11+£0.07 0.570 0.353
AVIt 10.68 +2.30 11.08 +2.31 10.34 +1.32 0.517 0.533
BAI! 28.18 £4.04 29.11+4.13 27.33+£3.94 0.316 0.433
BF (%) 24.48 £7.43 24.62 £6.23 20.35+8.04 0.361 0.593
TG (mmol/L)’ 0.90 (0.30-4.90) 0.80 (0.40-7.90) 0.70 (0.50-1.20) 0.181 0.416
TC (mmol/L)" 542 +1.35 543+1.32 525+1.17 0.914 0.917
HDL-C (mmol/L)! 1.33+£0.30 1.43+0.36 1.39+0.38 0.309 0.136
LDL-C (mmol/L)! 3.82+121 3.66+1.15 3.73+0.92 0.775 0.485

'One-way ANOVA test; ' Kruskal-Wallis non-parametric test. Data expressed as mean = SD, or as median (minimum — maximum) for the
skewed data

@ Comparison by one-way ANOVA test (Il genotype vs. ID genotype vs. DD genotype) for all variables except for TG by Kruskal-Wallis
non-parametric test

P Comparison by t-test (Il 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; Cl, 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 /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 1/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% ClI P-value

Age 1.05 1.03-1.08 <0.001
ACE genotypes

Il 1.00 (ref)

ID 1.32 0.75-2.34 0.335

DD 1.22 0.47-3.18 0.687

Il 1.00 (ref)

ID+DD 1.30 0.76 -2.23 0.335
TG (mmol/L) 1.81 1.24-2.65 0.002
TC (mmol/L) 1.18 0.97-1.44 0.096
HDL-C (mmol/L) 0.19 0.08 -0.47 <0.001
LDL-C (mmol/L) 131 1.03-1.65 0.026

Age, TG, TC, HDL-C and LDL-C are included as continuous
variables; ACE genotype (lI, ID and DD genotypes; Il 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; Cl, 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 1/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

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 1I/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 Moustaid-
Moussa, 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 1/D
polymorphism in  Malay subjects. Although this
polymorphism is not associated with obesity in this
ethnicity, triglycerides, total cholesterol and LDL-
cholesterol levels showed a consistently higher trend in D
allele carriers as compared to the non-carriers.
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Abstract

Curcuma longalL. (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. LongalL.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, anti-
inflammatory, 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, anti-
inflammatory, antimicrobial, antidiabetic, hepatoprotective
and neuroprotective activities (Lim et al., 2001). The
curcumin also exhibited the ability to block NF-«xB 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 Il serving as
Paracetamol intoxicated group(P) received100mg/kg at the
first seven weeks increased to 200mg/kg at the last seven

weeks. Group Ill 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 4-
5um 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 a = 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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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.

V00|
T
-
T
(a)
- .
20000-]
soou— - _r_
] =
100,00
w00
o L =y T T
GBAMMA AT
(c)
60,00
50,00
40,00
=
E]

30,00

20,00

10,00

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
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longa (100 mg kg™) has a potent hepatoprotective effect
against paracetamol-induced liver damages in rats at 600
mg kglexpressed 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.
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Figure 1. biochemical parameters levels; (a) ALT, (b) AST, (c) Gamma GT, (d) Glucose, and (e) albumin in serum mice of different

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 paracetamol-
induced 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.

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 .

— = 7 i r 2

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) (Gx100). 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 .

. 4 | b —— e
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) (Gx100). No specific
alterations or damage in liver tissue. The black arrows indicate a
best regeneration of liver tissue (cell’s mitosis)

A * o
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) (Gx100). The black
arrows indicate normal structure of liver tissue compared with
control.

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 dose-
dependent 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

“ Corresponding author e-mail: belalhusein@just.edu.jo.

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 seven-
transmembrane 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

“ Abbreviations:PC: Prostate cancer; FKN: fractalkine; GSK-3: glycogen synthase kinase-3; ATCC: American Type Culture Collection;
DMSO: Dimethyl sulfoxide; ANOVA: analysis of variance; FNADb: 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 CX3CRL1 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 meta-
analysis 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 prostate-
specific 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 (Damas et al., 2005). It also reduced
CX3CRL 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/CX3CRL 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-30/B 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, 22Rvl (ATCC® CRL-
2505™), 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,. 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 pM) 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 1x10° cells/200 pl of each cell line was
seeded into a 96-well plate for 24 hrs. The media was
withdrawn after that and 200 pl of variable concentrations
of atorvastatin (1, 2, 5, 10 and 20 uM) vs. vehicle-control
were added in triplicates. Then, plates were incubated for
48 hrs and 5 pg/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 pl 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
pl 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 pM) vs. vehicle-control for 48 hrs, each
concentration in quadruplicates. Afterwards, cells were
treated with 5 pg/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 H20
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 FNAD.

2.6. Western Blotting

A total of 1x10* cells of each cell line were seeded in a
6-well plate until 70% confluence. Atorvastatin (1, 2, 5, 10
and 20 pM) 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 pL 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 H20). 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 1gG antibody (Cell Signaling,
Cat#7074s). Blots were re-probed with 1:1000 p-actin
primary antibody (Abcam, Cat# 8227) followed by 1:5000
secondary HRP conjugated anti-rabbit 1gG antibody (Cell
Signaling, Cat#7074s). Same procedure was repeated
using 1:1000 CX3CR1 (Abcam, Cat# ab8021), 1:1000
Phospho-GSK-3a/B (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
(5pg/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.

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

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 uM. When
FKN was blocked by FNAb, atorvastatin-induced growth
inhibition was enhanced in both cell lines. Cell
proliferation was significantly reduced at 20 uM and 10
puM of atorvastatin treatment in RWPE-1 and 22Rv1 cells,
respectively (Figure 1).

RWPE1 Cells

22Rv1 Cells

Absorbancs @ ST0am
Absorbance § 570 nm

Comml 1 2 5 10 20

ATV Concamtration (M)
Figure 1. The effect of interaction of atorvastatin and FKN on
proliferation of 22Rv1 PC cells compared to RWPE-1 non-
tumorigenic cells. FKN: fractalkine; FNADb: 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 uM concentration of
atorvastatin (Figure 2).
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Figure 2. The effect of interaction of atorvastatin and FKN on
adhesion of 22Rvl PC cells compared to RWPE-1 non-
tumorigenic cells to FKN coating material. FKN: fractalkine;
FNAD: 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 CX3CRL1 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
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from viability studies, atorvastatin treatment significantly
reduced expression of CX3CR1 at concentrations of 10
and 20 uM 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 FNAD, starting at 10 uM concentration of
atorvastatin in 22Rv1 cells.
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Figure 3. The effect of interaction of atorvastatin and FNK on expression of CX3CR1, p-Akt and p-GSK-30/B 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; FNADb: 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 FNADb 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 5-
year 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 avp3 located on PC-3 cells and its adhesion
potential to ICAM-1 in the presence of simvastatin (Al-
Husein 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 CX3CR1-
mediated adhesion as well as CX3CR1-mediated
signaling. The latter effect could have multiple
implications as it means blockade of both adhesion-
mediated signaling facilitated by anchored FKN, or FKN-
mediated 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/CX3CRL 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-3a/B (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-30/B
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

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 pM, 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-3a/B. 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.
RWPE-1

. A1 TR 5 . St
# ¥ o L . : e o BONE , LY ) £ e o
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 ant-
inflammatory 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
(95.5ug/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; anti-

inflammatory 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).

“ Corresponding author e-mail: laila-elhanafi@hotmail.fr.

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,0O,, alkyl peroxides ROOH,
superoxide O,, hydroxyl radicals OH and peroxyl ROO
(Gulgin, 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; Elmastas 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 anti-
inflammatory 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 anti-
inflammatory 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 °C.

2.2. Biochemical composition

2.2.1. Total Qil 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,S0, 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 NH3. The titration was conducted
with H,SO, 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 (%) =6.25x [V (H,SO,) xN
(H,S0,4) x0.014xSW]
Where: V (H2S0,): volume of H,SO, used for titration, N
(H,S0,): the normality of H,SO, 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 HCI 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 hydro-
methanolic 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 (Ordonéz 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-2-
picrylhydrazyl (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 hydro-
methanolic 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 | served as a negative control group
receiving normal saline, groups 1l-1V 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%, wi/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

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 0il% 47.27+0.6a 5.3420.15b
Total Protein% 18.84+0.09a 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 Total flavonoids
content (mg GAE /g)  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 t02.39mg/l, compared to
ascorbic acid which has an 1C50=2.12 mg/ml.
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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 95.5ug/ml
of ascorbic acid equivalent at 100 pg/ml concentration, this
value decreased by 43% for DS (p <0.05).
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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).

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.

100

80

r—

20 /f/ /// -I—s;ES mg/1
. / / // . sC 10 mg/l
20 d/ / M sh &h —=0s5 mg/l

—se=D5 10 mg/|

a0 /4
e

-80

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.

4. Discussion

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 EIl-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 (RodrdAguez 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 anti-
inflammatory activity was observed in seeds coat extracts.
This result can confirm our findings regarding the
interesting contents of total phenolic in the hydro-
methanolic 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 anti-
inflammatory 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-a. (TNF)-a and transforming growth factor-p1 (TGF-B1). 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-o. and TGF-B 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+1.83um) less mean than RCO group (39.88+4.24um), stratum
granulosum in VCO group (17.56+£0.69um) in comparison with the RCO (27.11+3.04um). Regarding the stratum corneum
thickness for the RCO (38.98+3.40um) showed high mean than the VCO (21.49+2.08um) 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-a and TGF-$ 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-a, TGF-B, 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 (290-
320 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-

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)-a plays
an important role in photodamage and photoaging (Burke
et al., 2001). TNF-o. 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-a as pro-inflammatory cytokine also
promotes  apoptosis, lymphocyte activation, and
hyperproliferative skin disorders (Banno et al., 2004).
TGF-B is a family of pluropotent cytokines comprised
of three isoforms in mammals such as TGF-§ 1,-2, and-3,
with TGF-B 1 predominant in most forms of tissue,
including the skin (Li et al., 2003). TGF-B 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-B in both the epidermis and dermis of human skin. In
the outer compartment of skin, TGF-p is a powerful
negative regulator of keratinocyte proliferation (He et al.,
2002). Therefore, the induction of TGF-B by UV
irradiation contributes to keratinocyte hyperplasia (Quan et
al., 2002) and also encourages the development of cancer
(Massagué, 2012), TGFpB 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 TGFP pathway inhibitors, such as
galunisertib, were shown to be safe, methods that reduce
the length of therapy with TGFP 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 plant-
derived products were tested for the development of anti-
inflammatory 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)-o and TGF-B1 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 30-
35 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=300puL); 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 pum particle
diameter, 250 mm length x4 mm id) in the Ministry of
Agriculture  (Baghdad, Irag), 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=300puL) and after UVB exposure directly (6
drops=300uL). During treatment, the quantity of both
types of oil was evaluated by micropipette in order to
regulate the amount of oil that was 300pL.

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 pm 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 um 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 non-
specific bindings for about 30 minutes. The slides were
then put in a damp chamber and incubated with rabbit anti-
TNF-o. polyclonal antibody (1:100, Biorybt, USA,
orb7100) and rabbit anti- TGF-B1 polyclonal antibody
(2:100, 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-o. and TGF-B were calculated a magnification of
400x with in the same length of the epidermal layer for
each section. TNF-a and TGF-B1 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

section using the following designations as in Table
1(Dong et al., 2010; Jammal et al., 2015).
Table 1. Immunoreaction scoring for the TNF-o and TGF-$1.

Quantification and intensity Grades

No positive cell and no immunostaining 0
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)

B W N P

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 VVCO.
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 Refined coconut Extra virgin
oil % coconut oil %
Saturated Lauric acid 44.89 49.90
triglyceride  Myristic acid 16.99 18.03
(medium- Caprylic acids 6.80 8.10
chain) Palmitic acids 4,50 5.00
Stearic acid 1.90 2.65
Oleic acid 3.10 4.30
Protocatechuic 0.10 0.16
Vanillic 1.80 2.08
Phenolic Syringic 0.03 0.45
acids P-coumaric 0.45 0.12
caffeic
Ferulic 1.06 2.09
Gallic acid 1.05 2.0
Polyphenols Catechin 1.60 2.90
and Vitamins Vitamin E 0.95 1.02
Vitamin K 0.89 1.20
Unidentified 13.89
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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+1.28um),
in stratum granulosum (1.80+0.43pm), and stratum
corneum (10.94+1.36um) 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+9.51um) 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£10.26pum, 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£10.82um) with significant value (P=0.000) as in
table 5 and figure 3b.

I1- 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+1.83um) with about
12.93 folds less than RCO group (39.88+4.24pum) 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+0.79um) in
comparison with the RCO (27.16+3.03um) 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+3.40um) about 17.49 folds with significant value
of (P=0.02) in contrast to the VCO that mildly increased in
their thickness (21.4942.08um) as in table 5 and figure 3¢
and d.

Table 3. Measurement (um) of epidermal thickening (stratum
spinosum) in different groups.

Control Control positive  Refined Virgin
negative (n=6) coconut oil coconut oil
(n=6) (n=6) (n=6)

7.03 81.64 30.25 28.00
5.60 134.05 40.45 25.34

MeantSE ¢ g 112.0 38.01 30.40

14.2 74.10 58.63 30.42
7.10 122.97 41.54 18.64

7.00 104.51 30.42 28.90

*orfy

7.86+1.28° 104.87+9.51 39.88+4.24™°  26.95+1.83™¢

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 (um) of epidermal thickening (stratum
granulosum) in diverse groups.

Control Control Refined Virgin

negative  positive coconut oil  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
MeanSE 7 g 47.05 2338 15.98

1.00 60.00 33.34 144

3.8 50.12 22.10 20.00

1.00 100.40 23.93 17.22

1.80+0.43* 71.20+10.26™ 27.16+3.03™° 16.52+0.79™

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 (um) of epidermal thickening (stratum
corneum) in different groups.

Control Control positive  Refined Virgin

negative (n=6) coconut oil  coconut oil

(n=6) (n=6) (n=6)

9.43 90.67 33.34 18.64

7.25 100.96 3234 30.69
Mean+SE 10.98 79.62 30.98 17.22

8.34 91.60 50.93 23.93

16.00 145.84 39.28 20.53

13.67 133.75 47.05 17.98

]

10.94+1.36* 107.07+10.82""" 38.98+3.40"° 21.49+2.08

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, ¢: Focal-moderate
thickening in RCO group, d: Focal-mild thickening in VCO
group, (H and E stain).
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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).
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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

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  Control Refined Virgin
negative  positive coconut oil  coconut oil
Neutrophil 1.00£0.60 2.83+0.63° 1.33+0.42 0.66x0.21"

Lymphocytes 1.33:0.55 7.33+1.08” 3.16+0.60° 1.00£0.25
Plasma cells 1.33+0.55 6.00+1.06” 2.66+0.66" 0.83x0.16"
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.
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skin sections of infiltration of
inflammatory cells in mice. a: Normal infiltration in control
negative group, b: Marked inflammatory reaction in control
positive group, ¢: Moderate inflammatory reaction in RCO group,
d: Mild infiltration in VCO group, (H and E stain).

3.4. TGF-p1 expression detection by IHC

Immunohistochemical analysis of the TGF-B1 marker
shown in figure 5 that indicated the increasing of
epidermal layer or proliferation of Kkeratinocytes 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-B1
expression in the keratinocytes particularly in the stratum
granulosum layer. Negative expression (Score 0) was
seeming in mice of the control negative group, TGF-f1
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-B1 expressed in less than 25% of the
epidermal keratinocytes which were stained moderate
(Score 2). While in the VCO group the expression of TGF-
B1 decreased if compared to the control positive and even
to the RCO group that showed weak expression (Score 1).

L =
Bt - ﬁﬂwiﬁ

Figure 5. TGF Bl expressmn in epidermal keratinocytes of skln
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-a

TNF-0. 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-a expression and the pattern of
expression was cytoplasmic. Immunohistochemical
analysis of the TNF-o. 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-a (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-o expression was
deche,ased markedly.

c "' 3‘”‘ sl L

Figure 6. TNF-a expressmn in epldermal keratlnocytes of skln
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-a and TGF-B). 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 oilis 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 UVB-
mediated cell proliferation in addition to protein
expression such as TGF-B1; for example, the RCO reduced
TGF-B1 expression by score 2, while the VCO decreased
TGF-B1 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 TGF-
B1 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-B1
(Ichihashi et al., 2003). Also, in agreement with former
data, elevated TGF-Bl expression has been found in
keratinocytes of the basal epidermal layer, and TGF-B1
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-BI1.

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 lin 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-1o, TNF-a 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-o. (Score 3) with
sever dermatitis by means of (29.98) because TNF-a is

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-a 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-a 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-a
(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,

“ Corresponding author e-mail: faastop@ku.ac.th.

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
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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/ Description of stream
Longitude
PK1  13°32.135" N, Cobble predominant, forest and
099°17.842" E  cultivation on both sides
PK2  13°32.077° N, Bedrock and cobble predominant, pool
099°15.495" E in the middle, gravel and sand. Village
and cultivation on both sides
KY1 13°27.658" N, Man-made concrete upstream, gravel,
099°15.348" E  woody debris and other stable substrates.
Forest and highland, village both sides
KY2 13°30.241° N, Cobble predominant, pool in the middle,

099°15.883" E

gravel and sand. Village and cultivation
on both sides
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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, uS/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 (NH3-N, mg/L) was measured by the
Nessler method, using a spectrophotometer (DR/2010
model 49300-00; Hach, USA); nitrate-nitrogen (NO;-N,
mg/L) by the cadmium reduction method, using a

spectrophotometer (DR/2010 model 49300-00; Hach,
USA); orthophosphate; (PO,*, 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
etal., 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

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

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).

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

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 C° (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 pS/cm) were observed at KY2 and the lowest at
PK1 (40.25 mg/L, 74.08 uS/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).

Parameters/sites PK1 PK2 KY1 KY2 LJ

WT (°C) 27.33+1.97% 29.96+3.91° 28.4815.43 26.38+1.34° 27.58+1.71%
DO (mg/L) 4.59+2.89* 4.59+4.89° 5.10+2.78% 5.76+1.80% 3.58+4.12*
TDS (mg/L) 40.25+997° 63.48+21.37° 127.3453.31° 129.52+70.92° 114.34425,92%
ES (uS/cm) 74.08+28.63" 132.17+35.58% 272.22+82.18" 258.28+142.43" 228.16451.14
pH 8.46+0.09* 8.36+0.19® 8.51+0.12%® 8.43+0.00® 8.05+0.07"
ALK (mg/L) 12.80+0.28° 16.00+0.56* 33.3£10.32® 37.50£12.02° 29.50+7.21%
TUB (NTU) 6.00+4.24* 10.00£0.46* 16.00+11.31° 7.5045.33* 18.66+7.54°
NH3-N (mg/L) 0.36+0.07% 0.19+0.09* 0.22+0.03* 0.23+0.01* 0.20+0.24*
PO, (mg/L) 0.40+0.11* 0.59+0.09* 0.47+0.12* 0.48+0.01* 0.64+0.53*
NO3-N (mg/L) 1.70+0.07% 0.95+0.21% 0.96+0.04% 1.58+0.63* 1.15+0.67%

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.

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

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

Table 3. Median and range of head capsule widths (mm) for larval instars of Pseudoleptonema quinquefasciatum.

instar larvae were found at site KY2 (Table 3).

Instar Number of measurements Total Median head width (mm) Range of head width (mm)
PK1 PK2 KY1 KY2 LJ
| 1 1 4 - 22 28 0.245 0.20-0.29
1l 1 26 20 - 96 143 0.345 0.30-0.39
1 9 197 89 3 193 491 0.495 0.40-0.59
\ 41 296 316 26 725 1404 0.695 0.60-0.79
\% 5 17 31 3 17 73 0.975 0.80-1.15
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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.
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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).

y £ X2

g

”' s W%
£
ID' I oy E 400X

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 + + ++ ++ T+
Algae ++ ++ ++ +++ o+
Plankton +++ +++ A+ A
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 (NH3-N), nitrate-nitrogen (NO3-N) and
alkalinity (AKL) in the 3" to 5" instar larva at site KY2.
The electrical conductivity (EC) appeared to be correlated
positively with presence of the 1% instar larva in PK1. In
contrast, as shown by the lower portion of the ordination,
at sites KY1, PK2 and LJ, number of 2™ instar larvae
appear to be correlated with turbidity (TUB), total
dissolved solids (TDS), orthophosphate (PO,*), pH, air
temperature (AT) and water temperature (WT).
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Figure 6. PCA ordination plot based on larval instars of
Pseudoleptonema quinquefasciatum Martynov 1935 and physico-
chemical variables and sampling date.

4. Discussion

4.1. Environmental Variables

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, ammonia-
nitrogen, nitrate-nitrogen and alkalinity had an influence
on the 3% to 5" instar larvae in KY2. The electrical
conductivity was correlated positively with number of 1%
instar larva in PK1, whereas the turbidity, total dissolved
solids, orthophosphate, pH, and water temperature
influenced presence 2™ instar larva in the KY1, PK2 and
LJ.

Water temperature varied from 26.38 (KY2) to 29.96
C° (PK2). Water temperatures were relatively lower during
the wet season than during the dry season. The minimum
(25.0°C) and maximum temperatures (35.5°C) 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 pS/cm) was
observed at KY2 and lowest was at PK1 (40.25 mg/L,
74.08 pS/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 filter-
feeding 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 40-
200 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, nitrate-
nitrogen, 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 B 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 pl/ml respectively, similar to methanol-water extract inhibition zones against the same pathogens.
Interesting outcomes against Coxsackie Bj 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

and energy gain (Hyuga et al., 2004 and 2007; Zhang et

1. Introduction al., 2018). Several reports have documented the
antimicrobial activities of Ephedra genus against various

The quest for new substances with high efficacy, low microorganisms species, including Bacterial species such
toxicity, and minor side effects must proceed against as; Staphylococcus aureus, Bacillus anthracis, B.
microbial diseases due to the global need for these diphtheriae, B. dysenteriae, B. typhosus, Pseudomonas

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 HelLa. Ephedra sinica has recently been used
in the United States market as a supplement for weight loss

“ Corresponding author e-mail: drallayeh@yahoo.com.

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 (Bagheri-
Govkosh 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
B; 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: H,0), methanol (MeoH) and methanol: water (MeoH:
H,0)) at room temperature for 24 hours in a shaker.
Finally, the extract was concentrate