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EDITORIAL PREFACE
Jordan Journal of Biological Sciences (JJBS) aims to publish high quality manuscripts and provide readers
worldwide with high quality peer-reviewed scholarly articles on a wide variety of biological sciences such as
Cell biology, developmental biology, structural biology, microbiology, entomology, toxicology, molecular
biology & genetics, biochemistry, biotechnology, biodiversity, ecology, marine biology, plant biology, animal
biology, physiology, and bioinformatics. JJBS is a refereed, peer reviewed quarterly international journal
financed by the Scientific Research Support Fund, Ministry of Higher Education and Scientific Research in
cooperation with the Hashemite University, Jordan. JJBS has been indexed by SCOPUS; CABI’s Full-Text
Repository, EBSCO, Science Citation Index- Zoological Abstract and recently has been included in the UGC
India approved journals. JJBS is currently under evaluation to be indexed in Thomson Reuters, National Library
of Medicine’s MEDLINE\ Pub Med system and others.
A group of highly valuable scholars have agreed to serve on the editorial board and this places JJBS in a
position of most authoritative on biological sciences. I am honored to have five associate editors: Al-Hindi
(Islamic University of Gaza, Palestine.), Al-Homida, (King Saud University, Saudi Arabia), Kachani, (Western
University of Health Sciences, USA), Fass, (Oman Medical College, Sultanate of Oman), and Gammoh (The
University of Edinburgh). I am also delighted with our group of international advisory board members
consisting from 15 countries worldwide. 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 board, JJBS would have never existed.
In the coming year, it is my vision to have JJBS publish a combination of manuscripts documenting rigorous
studies in the area of biological sciences, and one or more manuscripts from distinguished scholar on recent
advances in molecular biology. As you read throughout this volume of JJBS, I would like to remind you that the
success of our journal depends directly 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.
Moreover, and as always, my thanks are also extended to the Hashemite University and Jordanian Scientific
Research Support Fund for their continuous financial and administrative support to JJBS. I would like to
highlight and proudly thank the group of authoritative reviewers, both local and international, who have done an
outstanding work. We are honored to have you on our review list and many thanks for your valuable mentorship
and contributions you provided to authors. Indeed, we count on your excellent reviews to include only high
quality articles worthy of publication in JJBS. Together, we strive to make JJBS reach a remarkable rank among
other international journals. I very much appreciate your support to make JJBS one of the most authoritative
journals in biological sciences.

June 2018
Prof. Khaled H. Abu-Elteen
Editor-in-Chief
The Hashemite University
Zarqa, Jordan
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Abstract:
The essential oil (EO) extracted from the leaves and flower of the Origanum glandulosum was screened for its in vitro
antifungal properties. Antifungal activity (AA) was determined using a disc diffusion method against Neofusicoccum
parvum (KF465685) phytopathogenic fungus attacking grapevine wood. The essential oil exhibited high reducing power
(IM: 41%). These results suggest that the aerial part of O. glandulosum have significant antifungal activities. The chemical
composition of essential oils isolated by hydro-distillation and analyzed by Gas Chromatography/mass spectrometry (GCMS) showed presence of volatile compounds, representing 99.96% of the total oil. The oil was characterized by relativelyhigh amounts of monoterpene hydrocarbons, phenolic monoterpenes, and sesquiterpenes. The principal components
identified included: carvacrol (48.42%), ã–terpinene (27.09%), Para-cymene (16.9%) and β-caryophyllene (3.45%).The
results of this study showed that the toxicity of the oregano oil varies with increasing the applied doses on the one hand, and
a relatively gradual efficiency versus time, which resulted in improved efficiency on the other hand. This is the first study of
its kind on the use of the essential oils of oregano to control this tested fungus.
Keywords: Antifungal activity, Essential oil, Neofusicoccum parvum, Origanum glandulosum.

1. Introduction
The genus Oregano (lamiaceae) is distributed
throughout the world; most of which are native to the
eastern part of the Mediterranean area, Europe, Asia, and
North Africa. Letswaart (1980) described forty-nine
species belonging to ten different sections. The most
popular include: O. vulgare, O. floribodum, O. marjona,
O. dictamus, O. glandulosum, and O. scabrum. A crucial
part of the flora of Algeria, the genus Origanum includes
four main species, among these is the O. glandulosum,
which is an endemic spontaneous plant growing in North
Africa [Algeria and Tunisia] (Ben Hamida and Abdelkéfi,
2001). It is an herbaceous plant characterized by a pleasant
flavour, and is largely used in traditional medicine for its
sedative, antispasmodic, expectorant, and carminative
properties. In addition, oregano oil also showed
antibacterial, antifungal, antiparasitic, antimicrobial, and
antioxidant properties.
Essential oils are volatile, natural, complex compounds
characterized by a strong odor produced by plants as
secondary metabolites. The essential oil composition is
strongly influenced by intrinsic factors such as species,
cultivar, clone, ecotype, and ecological factors including
*
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the geographical origin, climatic and soil conditions, biotic
and technological factors, cultivation techniques, storage
conditions of raw materials and processing technologies
(Russo et al., 2012). In this study, the extraction of the
essential oil of O. glandulosum was done through the
hydro-distillation method. The chemical composition of
the oil was analyzed by Gas Chromatography/mass
spectrometry (GC-MS). Then an antifungal investigation
against N. parvum was performed. This type of fungus
colonizes wood tissues and causes Dieback. It is also
among the responsible agents causing Black Dead Arm
(BDA), one of the fatal diseases of arboreal, viticultural
and forestry heritages. BDA caused by the Botryosphaeria
family, eutypiosis and esca are the most destructive
diseases causing decline and loss of the productivity of
vineyards in world (Úrbez-Torres, 2011) and pose a real
threat to the sustainability of vineyards, especially young
ones. This has become a serious problem in most vinegrowing regions. Algeria is among those regions affected
by these diseases as confirmed in (Ammad et al., 2014 a;
2014. b).
It should be noted that no chemical control of these
wood diseases has been provided since the prohibition of
the synthetic chemical, sodium arsenite, in 2001, because
of its carcinogenicity, high and acute residual toxicity, and
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other side effects on humans (Lingk, 1991; Unnikrishnan
and Nath, 2002). For these reasons, prophylactic methods
are mainly recommended in order to limit the development
of those phytopathogenic fungi. Several studies have
reported the antifungal effectiveness of the essential oils of
some medicinal plants (Jayasena and Jo, 2013).These
natural products have the potential to be safe fungicides to
replace the synthetic ones; they are biodegradable in
nature, non-pollutant and possess no residual or phytotoxic
properties. Therefore, this study aims to investigate, for the
first time, in vitro antifungal activities (AA) of Origanum
glandulosum EO in the treatment of phytopathogenic fungi
attacking the wood of grapevine trees. This study identifies
the EO composition by GC/MS after being extracted by
Hydro-distillation from the aerial parts of oregano.
Results show that EO exerts a significant AA against
studied fungi attacking the wood of the grapevine and can
be also effective to control the fungal diseases in the
agriculture sphere.
2. Materials and Methods
2.1. Plant Material
The leaves and flowers of Origanum glandulosum used
for this study were collected during 2012 from Larabaa
(Blida), located in the north of Algeria (36°33’ 55’’N, 3°
09’ 14’’). Botanical identification of this species was
authenticated by using a determination key (Quezel and
Santa, 1963).The plant material used for the extraction of
the essential oil was air-dried in free air.
2.2. Extraction of the essential oils
The essential oils were extracted by the Hydrodistillation of dried plant materials (100 g of leaves and
flowers in 500 mL of distilled water) using a Clevengertype for 5 h. The Bottles of oil were covered with
aluminum paper to protect them against any negative
effects of light, and were stored in a refrigerator at a
temperature of 4 ° C. The actual yield based on the dried
weight of the sample was calculated.
2.3. Analysis of the essential oils
2.3.1. Gas chromatography–mass spectrometry analysis
(GC-MS)
Chromatographic analysis was performed using a Gas
Chromatography (GC) to separate the complex mixtures of
the volatiles identified and quantified in a relatively short
time (Sharp,1986 ). GC-MS was performed using a PerkinElmer Clarus 600 mass spectrometer with a silica capillary
column of 50 m length, and 0.22 mm inner diameter of 50
μm film- thickness. Chromatogram was recorded with
temperature ramp in a four-minute step at 40 °C then at a
further increase of the temperature up to 250°C at a rate of
30°C/ min. Helium was used as the carrier gas at a rate of
1 mL/min. The oil sample (0.1 μL) was introduced directly
into the source of the MS (mass spectrometry) via a
transfer line (280° C) with a split ratio of 1:50. EO
components were identified based on their retention
indices (determined with reference), and were calculated
using Biot’s law equation 1 as follows (Eqn. 1):

(Eqn. 1)

Where [α] is the specific rotatory power, (l) is the
optical path length of the tank; α is the optical rotation; and
C is the concentration of the solution in g/mL. The EO
components were identified on the basis of their retention
indices (determined with reference to a homologous series
of normal alkanes), and also after comparing their masses,
obtained by the different fragmentation patterns of the
mass spectroscopic analysis, with the masses reported in
the related literature (Adams, 2007).
2.4. Fungal material
One strain of the fungal material (Neofusicoccum
parvum) meant for evaluating the effectiveness of the
treatments using the tested essential oil was obtained by a
personal collection. Neofusicoccum parvum was isolated
from the infected wood of a grapevine (Ammad et al.,
2014 b), and was identified using a combination of
morphological and cultural characters confirmed by
molecular analysis, Internal transcribed spacer (ITS) and
(β-tubuline primer). Culture of the fungi was maintained
on potato dextrose agar (PDA) and was stored at 4 °C.
2.5. Antifungal activity assays
The effects of volatile essential oils were assayed by
inoculating mycelia plugs in the center of a PDA Petri
dish. The essential oil (EO) was dissolved in tween water
solution (3%) and three doses of this essential oil were
prepared (0.25, 0.50 and 0.75%). Sterile filter paper discs
(7cm diameter), soaked in 30 μL of each dilution of the
EO, were placed on the inner surface of the Petri-dish lid
(Inouye et al., 2006).The dishes were sealed with Para film
and incubated upside-down at 25˚C. Measurements of
colony radius (in cm) were made after five days. Three
replicates per treatment were carried out, and each
experiment was repeated at least twice. Data were
expressed as percentage inhibition of mycelia growth,
according to the formula of Pandey et al, (1982). Using the
following formula: (P Ig = (DT-D)/DT) x 100), where P Ig
is the percentage of inhibition growth, DT is the mean
diameter of mycelial growth in control, and D is the mean
diameter of mycelial growth in treatment. The estimation
of mycelia growth was carried for ten days; three days
following the treatment with the essential oil. For a better
measure of the diameters of the mycelia growth, digital
pictures of all plates were taken and treated with Image
Tool software (3.1), three (03) measures were selected for
each diameter.
2.6. Statistical analysis
The results of antifungal potency were treated with
Excel and SYSTAT software (ver.12), SPSS 2009. The
hypothesis of the antifungal efficacy of the essential oil
was tested by the analysis of variance with the Global
Linear Model (GLM).
3. Results
3.1. Chemical composition
The oil yield obtained through the Hydro-distillation of
the O. glandulosum leaves and flowers was 0.98 %. The
major components, representing 99.96% of the essential
oil were identified by the GC technique. The main
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components are presented in Table 1. The chemical
composition of the O. glandulosum oil was dominated by
monoterpene hydrocarbons fraction with a predominance
of phenolic compounds and sesquiterpenes. Similar to the
essential oil extracted from other Origanum species, this
oil was characterized by high percentages of phenols; the
major compounds of the oil were (carvacrol or its isomer
the thymol) (48.56%). This oil can be classified as a
carvacrol chemotype.
Table 1 . Principal chemical composition, retention time and
percentage composition of the essential oil of O. glandulosum
collected from Larabaa,
Pick Compound

Formula Réel
Time
(min)

Retention
time

Percentage
(%)

1

Carvacrol
(Isothymol)

C 10 H 14 O 9.63

33.40

48.42

2

γ - Terpinene

C 10 H 16

10.62

16.55

27.09

3

Para-Cymene

C 10 H 14

17.10

14.44

16.01

4

βCaryophyllene

C 15 H 24

17.35

39.43

3.45

5

α-Terpinene

C 10 H 16

9.33

13.91

2.55

6

Myrcene

C 10 H 16

15.77

12.61

2.44

Figure1a. Variance Analysis (GLM) global linear model of time
on the efficacy of essential oil against the pathogenic fungi MIG:
Mycelia inhibition growth (mm), T1: 03 days, T2: 05 days and
T3: 10 days P: probability , N.S.: non significant, * : significant
Probability at 5 % ; ** : significant Probability 1 % ; *** :
significant Probability at 0,1 %

3.2. Antifungal activity of essential oils
The antifungal activities (AA) recorded in this study,
which represents the inhibition of radial growth on solid
medium, reveals that the EO of O. glandulosum possesses
potential AA against N. parvum fungi. The effects of the
EO dose with different concentrations are summarized in
Table 2. The statistical analysis of variance revealed
significant results (Figure. 1); all the tested concentrations
inhibit the growth of fungus at all concentrations. At a
concentration of 0.25%, O. glandulosum showed low
toxicity at the beginning of its application to an average
toxicity at the end of treatment. On the one hand, the two
concentrations D3 (0.75%) and D2 (0.50%) showed more
inhibitory effect compared to D1 (0.25%). On the other
hand, no inhibition was registered even after ten days with
the control (Figure 1 a). The different periods showed
significant probability (Figure 1 b).
The results obtained in this section (AA) indicate that
the volatile oils exhibited different degrees of inhibition on
the growth of the tested fungi, the higher concentrations
inhibited more efficiently than the diluted ones, and the
duration of treatments showed interested effectiveness.
Table 2 . Antifungal Activity of the Essenti al Oil of O.
glandulosum.

Fungi

Dilution/
time

N.parvum T3 /Days(05)

D1

D2
D3
Control
(0.25%) (0.50%) (0.75%)
17.20

12.25

11.24

18.4

T2/Days(10)

15,2

10.35

9,07

23.14

T1/Days(15)

38.12

30.00

28

54.21

Figure1b. Variance Analysis (GLM) of dose on the efficacy of
essential oil against the pathogenic fungi MG: Mycelia growth
(mm), D1: 0.25% ,D2: 0.50%, D3: 0.75% s and D1: 1%, control:
Dimethylsulfoxyde) solution (3%)(DMSO), P:probability , N.S.:
nonsignificant, * : significant Probability at 5 % ; ** : significant
Probability 1 % ; *** : significant Probability at 0,1 %

4. Discussion
Black Dead Arm (BDA), a disease of grapevines
caused by N. parvum, can be a real nuisance to the
economy. The absence of an effective treatment against
these funguses has become a real problem. The present
study is an evaluation of a treatment method which uses
oregano as a protective safe chemical against N. parvum.
In this study, the chemical results indicated that O.
glandulosum EO was characterized by the high proportion
of monoterpenes, notably cavracrol, which was found to
possess a good biological activity against E. coli and
Bacillus subtilis. This component has proven effective in
bacterial membrane perturbations that lead to leakage of
intracellular ATP and potassium ions and ultimately cell
death (Pinto et al.,2006).
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The essential oil of oregano has been investigated in
earlier studies, which showed that carvacrol is the major
component of the oil, but in different levels. Similar results
by Bejaoui et al. (2013), concerning many essential oils
extracted from O. glandulosum grown in some regions of
Tunisia showed that the chemical composition is
dominated by monoterpenes and that the highest
proportion of carvacrol (68-83%) can be obtained from the
oregano plant. The percentages of the components
obtained in this study were different from other results
concerning the essential oil of O. glandulosum reported by
Ouled Lyiche and Djebel Megriss (Sétif) (East region in
Algeria) (Ruberto et al, 2002). According to Maarse,
(1974) and Bousbia (2004), these differences in the oil
composition and yield can be attributed to several factors,
including climatic and geographic conditions, time of
collection, and extraction methods. According to Vaughn
and Spencer, (1991) as well as Panizzi et al, (1993) and
Caccioni and Guizzardi, (1994) the essential oils
produced by different plant species belonging to the
Meliaceae, Rutaceae, Asteraceae, Lamiaceae, Abiateae,
and Canellaceae families are in many cases biologically
active and have antimicrobial, allelopathic, antioxidant and
bioregulatory properties. The antimicrobial properties can
be related to the presence of active constituents, mainly
attributed to isoprene’s such as monoterpenes and
sesquiterpenes and other hydrocarbons.
Apparently, these essential oils with their high phenolic
are more effective, and have a broad spectrum of activity
against filamentous fungi and insects (Cosentino, 1999).
According to Dinan et al, (2001), the plant secondary
compounds possess several modes of action against the
fungal strain, but in general, their action takes place in
three phases: the attack of the wall by the plant extraction,
resulting in an increase permeability and losing of cellular
constituents, the acidification of the inside of the cell
blocking the production of cellular energy and synthesis of
structural components, and finally the destruction of the
genetic material leading to the death of fungi.
Several authors have showed that phenols were not the
only compounds responsible for the activity. All
substances of the chemical composition should be taken
into account. In this regard, (Cosentino, 1999). Lahlou,
(2004) and Klaric et al., (2006) reported that the activity
of the essential oil is higher than that of the majority of its
composition tested separately. The antifungal activity of
the essential oil tested in this study was attributed to the
presence of phenol, sesquiterpenes and monoterpenes, and
the synergism between components which all play an
important role. The chemical structure of the constituents
of the EOs directly influences their activity (Guinoiseau,
2010).
5. Conclusions
In this study, O. glandulosum (EO) led to the growth
inhibition of N. parvum. All tested concentrations were
found to be lethal under the test conditions. Based on the
present study, it could be concluded that EO of O.
glandulosum possesses fungi toxic activities that can
inhibit the growth of phytopathogenic fungi. Moreover, it
was found that EO was characterized by a relatively-high
content of phenol, showing a high yield of oils rich in

carvacrol, p-cymene, and c-terpinene, which are known to
possess an important antifungal activity. The data
presented confirm the antifungal potential of the O.
glandulosum essential oil. The EO tested represents an
inexpensive source of natural antifungal substances for use
in pathogenic systems. It would be beneficial to test the
effectiveness of each component of this essential oil
separately to be able to confirm the source of the oil’s
efficacy i.e. whether its effectiveness is related to all the
substances in the oil or specific components. It is really
significant to assess the morphological alterations and the
modes of action of this oil on phytopathogenic fungi in
further studies.
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Abstract
Reduced exposures to gastrointestinal microbiota have been proposed as an explanation for the increase in the prevalence of
allergic diseases. The aim of this research is to study the relationship between H. pylori and atopy/allergic diseases. 210
children (aged 2-16 years old) with or without allergic diseases were selected from the Asthma Clinic in Al-Karak
Governmental Hospital to participate in the study. Their parents were asked to fill out questionnaires. An Atopy test was done
and the serum IgG antibodies to the H. pylori antigens were measured. Out of the 210 children, 38 were H. pylori-positive
patients (18.1%), 31 cases (14.1 %) were atopic, and 60 patients (28.6%) were asthmatic. Out of the 38 H. pylori positive
patients, only one case (2.6 %) was atopic. A significant negative association between H pylori and asthma was observed in the
less than nine-year-old age group (p value = 0.007). The negative association between H. pylori and atopy was significant in
males (p value = 0.02).The factors that best predict asthma include a family history of asthma, positive H. pylori, positive
allergy test (p values of <0.005). Our findings showed that there is an inverse correlation between H. pylori and atopy.
Keywords: Helicobacter pylori; Asthma; Childhood Asthma, Jordan

1. Introduction
It is now known that allergic diseases develop from the
interaction between the host immune system and some
environmental factors (Rigoli et al., 2011). The high
geographical variability in the prevalence of these diseases
suggests a decisive impact of the environmental factors
(such as the geo-climatic and the socioeconomic ones) on
their pathogenesis. Indeed, allergies are more common in
the northern hemisphere, as well as in developed countries
more than in developing ones (Mallol et al., 2013). The
characteristic epidemiological trend of atopic diseases
seems to be also linked to the environmental changes that
had occurred over the last decades in industrialized
countries including the increase in outdoor and indoor
pollution (combustion of fossil fuel, high volume of traffic,
biomass combustion products, tobacco smoke), climatic
changes (warmer temperature that causes early springs),
and the improvement of hygienic conditions (changes in
exposure to microbiota).
H. pylori, gram-negative, microaerophilic gastric
bacteria persistently colonize much of the world’s
population. Whereas nearly all adults are H. pylori*
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positive in developing countries, with socioeconomic
development, prevalence has decreased substantially
(Dooley et al., 1989). H. pylori is almost exclusively
acquired in childhood (Blaser and Atherton, 2004), and the
antibody responses are present for decades or for life, and
are consistent with the persistent gastric colonization. H.
pylori virulence is affected by the presence of the 35-40-kb
cag pathogenicity island that can be detected by the
identification of the CagA gene or its product (CagA). H.
pylori colonization induces a continuous gastric
inflammation, which is more pronounced with CagA+
strains (Suerbaum and Michetti, 2002), and leads up to a
diminished gastric acidity (Kuipers et al., 1995). Serologic
assays to detect antibodies to the CagA protein enhance
the overall detection of H. pylori; in particular the
detection of the more interactive (CagA+) organisms.
As the hygiene hypothesis confirms, the most important
factor associated with the large spreading of the atopic
disease is the decreased exposure to food-born and oralfecal infections, including the Helicobacter pylori (H.
pylori) infection, as a result of improvements in the
hygienic conditions in developed countries (Matsushima
and Nagai, 2012). There is some evidence of an inverse
association between atopy/allergic diseases and the H.
1T

1T

1T5

1T

5T

1T5

124

© 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 2

pylori infection, although further studies are still needed
(Reibman et al., 2008; Daugule et al., 2015).
Despite the fact that these clinical studies confirm the
inverse association between H. pylori and asthma, some
studies reported different results regarding asthma, other
allergic diseases, and in general atopy. On the other hand,
many researchers denied the hygiene hypothesis,
considering gastrointestinal infections as triggers of
allergic diseases, rather than protective factors because of
their capability in increasing the mucosal permeability.
Thereby asserting that these infections could have
facilitated the penetration of allergens and the loss of oral
tolerance (Jun et al., 2005; Baccioglu et al., 2008; Raj et
al., 2009; Lee et al., 2015). Moreover, a recent study
points that the H. pylori infection acts most likely as a
good marker for the presence of poor hygiene
(Miftahussurur et al., 2017).
The aim of this article was to conduct a cross-sectional
study on the relationship between H. pylori and
atopy/allergic diseases to investigate whether or not there
is negative association between H. pylori and atopy or
allergic diseases among children in the area.
2. Patients and Methods
2.1. Study Design
The association between atopy/allergic diseases and the
H. pylori infection is the focus of the current research
investigating the H. pylori seroprevalence in atopic
patients, those with allergic diseases, and in healthy
individuals. Atopy is defined through the skin prick test
reactivity to a panel of aeroallergens (olive pollen, mixedgrass pollen, dog dander, cat dander, Dermatophagoides
Farinae, Dermatophagoides pteronyssinus, Cereals,
Compositae, salsolakali and Wallpollitory). Allergic
diseases are defined with the presence of a diagnosis of
asthma, self- reported allergic rhinitis (Hey fever), selfreported atopic dermatitis, self- reported food allergy, or
with the presence of allergic manifestations (such as
pruritus of skin or eyes, nasal discharge, coughing and
dyspnea) determined through questionnaires. The H.
pylori infection status will be tested by serum anti H.
pylori IgG and anti-CagA antibodies.
Several cross-sectional studies have investigated the
relationship between the H. pylori infection and allergic
diseases. Most of them have been conducted in developed
countries, where atopy is more common, and the
decreasing trend of the H. pylori infection is effective. This
study will be the first of its kind to be done in Jordan. It
was approved by the Ethics and Scientific Committees of
the Faculty of Medicine at Mutah University. It was
conducted between October, 2016 and June, 2017 at AlKarak Governate Hospital in Al-Karak, Jordan. After
signing the consent forms by the parents, 210 child
patients with/without atopy or allergic diseases (cases)
filled out questionnaires, and then two tests were done for
all of them, namely the skin prick test ( done in the Child
Respiratory Clinic of Al- Karak Governmental Hospital),
and the H. pylori test ( done in a private laboratory) . The
questionnaire included questions related to the
demographic characteristics (age, sex, and residence),
socio-economic status (education level, the monthly family

income), and clinical characteristics (history of asthma,
allergic rhinitis (Hey fever), atopic dermatitis, food
allergy, family history of allergic diseases, and history of
any H. pylori related- gastro-intestinal (GI) symptoms as
dyspepsia regurgitation heart burn, anemia, poor growth,
and any use of anti-acids). The body mass index (BMI)
was calculated for all the participants.
The Odds Ratios (OR) of atopy and allergic diseases
associated with the presence of H. pylori will be estimated.
The effect of other factors such as age and sex will be
analyzed as well. If the observed association is significant,
more insights into the underlying mechanisms could
provide clues to the possible therapeutic opportunities of
allergic diseases.
2.2. Serum Antibody Analysis
Serum anti-H. pylori IgG antibody levels were
determined in patient serum using a one-step H pylori test
device from ABON (Herbrink and Van Doorn, 2000;
Alsaimary et al., 2014). Blood samples were collected
from the children. The blood was either allowed to be
clotted and the serum separated, or centrifuged (400xg for
5 mins.) to separate the serum. Then the serum was
immediately examined by the rapid diagnostic H. pylori
kit–Abon Biopharm (Hangzhou) Co., Ltd. P.R. China. The
one- step H. pylori test device (serum/plasma) is a
qualitative membrane based immunoassay for the
detection of H. pylori antibodies in serum or plasma. In
this test procedure, the anti-human IgG is immobilized in
the test line region of the test. After the specimen was
added to the specimen well of the device, it reacted with
the H. pylori antigen coated particles in the test. This
mixture migrates chromatographically along the length of
the test, and interacts with immobilized anti-human IgG.
2.3. Statistical Analysis
Categorical variables were analyzed using the chisquare test or Fisher’s exact test. Basically, the chi-square
test was used in this study. However, Fisher’s exact test
was used instead of chi-square test when >20% of the
expected frequencies were five or less. The binary logistic
regression model was used to analyze dichotomous
variables according to predictor variables. Independent
variables with p values <0.20 in univariate analyses, and
those already known to be strongly associated with the
outcome variable were examined in multiple logistic
regression models. A p-value <0.05 was considered
significant. All p values are presented without correction
for multiple testing. All analyses were performed with the
Statistical Package for the Social Sciences, (ver. 16.0) for
Windows software (SPSS Inc., Chicago, IL).
3. Results
3.1. Characteristics of the Study Groups
The youngest child examined in this study was two
years old, while the oldest was sixteen years old. Onehundred and twenty-eight children (61%) were males and
82 (39 %) were females. The mean age was 8. 7 ± 3.4.
Thirty eight of the cases (18.1) had a positive H. pylori
test (male=17.9, female=18.3). Children with H. pylori had
a mean age of 9.4 ± 3.1, while those without this infection
had a mean age of 8.6 ± 3.5; no significant difference was
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observed. Thirty one of the cases (14.8) had positive
allergy test (Skin Prick Test). The mean age of children
with atopy was 7.6 ± 4.3, while the mean age of those
without atopy was 8.9 ± 3.2; no significant difference was
indicated. The Mann Whitney U test was used to compare
the mean age of children. Sixty of the cases (28.6%) had
doctor diagnosed- asthma. The percentages of the selfreported allergic rhinitis (Hey fever), self- reported atopic
dermatitis, self- reported food allergy were 48.1, 19, 26.2,
respectively (Table 1).
Table 1. Characteristics of the study population.
Variable

Mean± SD Number

Weight (Kg)

38.2±1.7

Height (cm)

134±220

BMI

20.8±1.1

Age (Years)

8.7±3.4

Percentage
(210=100%)

Gender
Male

128

61

Female

82

39

Positive

38

18.1

Negative

172

81.9

Positive

31

14.8

Negative

179

85.2

Doctor diagnosed asthma
Positive

60

28.6

Negative

150

71.4

Positive

101

48.1

Negative

109

51.9

Self-reported eczema
Positive

40

19

Negative

170

81

Positive

55

26.2

Negative

155

73.8

Positive

70

33.3

Negative

140

66.7

Family history of hay fever
Positive
Negative

76
134

36.2
63.8

Positive

38

18.1

Negative

172

81.9
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3.2. H. pylori Status and Atopy
The skin prick test was done for all the child
participants. The percentage of atopy in the whole data
was 14.8. Similar findings were also obtained from an
international study (Asher et al., 1995). The aero-allergens
used in the test were olive pollen, mixed-grass pollen, dog
dander, cat dander, Dermatophagoides Farinae,
Dermatophagoides pteronyssinus, Cereals, Compositae,
salsolakali and Wallpollitory; there sensitization
percentages are presented in Figure 1.
The H. pylori test was done for all of the study
population. The prevalence of seropositivity was 18.1.The
H. pylori-related gastrointestinal symptoms were recorded
based on the questionnaires provided. The percentages of
these symptoms in both seropositive and seronegative
patients were shown in Figure 2 (p value <0.05).
Out of the 38 H. pylori-positive patients, one case (2.6
%) was atopic, while out of the 172 H. pylori negative
patients 30 cases (97.4%) were non-atopic, with the
difference being statistically significant (p Value = 0.02)
(Table 2, Figure 3).

H pylori test

Atopy

Self-reported hay fever
Figure 1. Percentages of aero-allergen sensitivity in the atopic
patients

Self- reported food allergy

Family history of asthma

Family history of food allergy

Figure 2. Prevalence of H pylori- related symptoms in seropositive and sero- negative children.
Table 2. Frequency of distribution of allergy in the two groups of
H. pylori positive and negative children.
H Pylori Test

Family history of eczema
Positive

50

23.8

Negative

160

76.2

Chi-Square P-Value

No N (%) Yes N (%)
Allergy Test No

142(82.6) 37(97.4)

Yes 30(17.4)

1(2.6)

5.426

0.020
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regression (MLR) after adjusting for the confounding
variables; sex, age, family history, and body mass index
(BMI). The obtained results showed that the family history
of asthma, H pylori, allergy test were significantly shown
to have a higher predicting value for asthma (p values of
0.001, <0.001 and 0.01, respectively) (Tables 5). Also, the
Odd-Ratio Mantel Haenszel (ORMH) of all of the three
comparisons were obtained (ORMH H pylori test positive
= 0.2, ORMH positive family history of asthma = 6.8 and
ORMH allergy test positive = 3.1).
Table 5. Factors associated with doctor-diagnosed asthma using
the multiple logistic regression (MLR)
Figure 3. Percentages of aero-allergen sensitivity in the atopic
patients

3.3. Triggers of H. pylori-Asthma or Atopy Inverse
Association
The effects of sex and age on the negative association
between H. pylori and atopy or asthma were studied. The
obtained results showed that there is a significant negative
association between H. pylori and doctor diagnosed
asthma in the less than nine-year-old age group (p value=
0.007); the result for the association of H. pylori with
atopy was not significant for this age group. Whereas the
negative association between H. pylori and atopy was
significant in males (p value= 0.02). (Tables 3, 4). Also,
the Odd-Ratio Mantel Haenszel (ORMH) was obtained
(ORMH age = 3.5, ORMH gender = 2.2).
Table 3. Frequency of distribution of children according to age
and the situation of H. pylori and doctor diagnosed asthma.
H Pylori
Mantel
Test
Doctor
Age
ChiPHaenszel
diagnosed No Yes
group
Square Value
Chiasthma
n
n
(p-value)
(%) (%)
Negative
≤ 9, y

87
12
(79) (52.2)

23
11
Positive
(21) (47.8)
Negative

44
7
(71) (46.7)

Positive

18
8
(29) (53.3)

>9,y

7.24

0.007

OR

95%CI

3.467*

1.3578.862

1**

-

8.94
(0.003)
3.18

0.074

*risk estimate ,**reference value
Table 4. Frequency of distribution of children according to gender
and the situation of H. pylori and atopy.
Sex

Allergy H Pylori Test
Test
No
Yes
n (%) n (%)
Negative 85(81)

ChiPMantel OR
Square+ Value+ Haenszel
Chi-(pvalue)

23(100)
-

Male
Positive 20(19)

0.023

0.31614.896

1**

-

(0.039)

Negative 57(85.1) 14(93.3)
Female

2.169*
4.27

0(0)

95%CI

-

0.679

Positive 10(14.9) 1(0.7)

+Fisher's Exact Test, *risk estimate, **reference value

3.4. Factors Associated with Asthma
An Asthma and Allergy specialist confirmed all the
cases of the disease, and the factors associated with doctordiagnosed asthma were studied using the multiple logistic

Variable

Adj. OR

95% CI
(OR)

X2. Stat.
(df)a

P.
valuea

Positive H pylori

0.2

0.5-0.1

13.3

0.001

Family history of
asthma

6.8

3.4-13.8

30.5

<0.001

Positive Allergy test

3.1

1.3-7.7

6.2

0.01

a Likelihood ratio (LR) test

4. Discussion
A large number of studies demonstrated an inverse
relationship between the H. pylori infection and asthma or
atopy among children, but this relationship remains
controversial due to conflicting evidences.
Our study showed that there is an inverse association
between H. pylori sero-positivity and atopy, and that this
association is more apparent in males. Moreover the H
pylori infection at ages below nine years protect children
from being asthmatic. This is in agreement with the
previous studies of (Chen and Blaser, 2008; Shiotani et al.,
2008). Furthermore the results of the multiple logistic
regression showed that the main risk factors for the doctordiagnosed asthma were H. pylori sero-negativity, a
positive atopy test, and a positive family history of asthma.
These results were consistent with other studies.
David Strachan, the founder of the historic hygiene
hypothesis, was the first to postulate that the infections
acquired in early childhood could prevent atopy. In the
study published in 1989, he noticed that hay fever was
inversely related to the number of children in the
household, and to the number of older children in families.
He speculated that the declining of family size associated
with the improvement of cleanliness had reduced the
prevalence of cross infections in families, leading to a
prevalence of the atopic disease, as is the case for hay
fever (Strachan, 1989). Some years later, von Mutius et al.
(Von Mutius et al., 1994) elaborated that hypothesis
studying the prevalence of atopic sensitization (screened
by skin prick tests) in two groups of people: children living
in West Germany, and children living in East Germany, in
relation to the number of siblings. He observed that atopic
sensitization was three times more prevalent in West
Germany than in East Germany, because of the higher
standard of living.
Several case control and cross-sectional studies have
investigated the relationship between the H. pylori
infection and allergic diseases. Most of them have been
conducted in industrialized countries (United States
(Reibman et al., 2008), Finland (Kosunen et al., 2002),
Great Britain (Jarvis et al., 2004), Japan (Imamura et al.,
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2010)), where atopy was found to be more common, and
the decreasing trend of the H. pylori infection being
effective. Based on these studies and others as well, the
current study concludes that there is some evidence of an
inverse association between atopy/allergic diseases and the
H. pylori infection (Chen and Blaser, 2008), even though
further investigations are still needed.
Furthermore, several studies demonstrated and
confirmed the development of an allergic disease, or
increase of IgE after the H. pylori eradication. A Korean
study demonstrated increased levels of IgE related, non
IgE related allergies as well as a subclinical rise of IgE
levels in patients after the H. pylori eradication, compared
with the H. pylori-positive patients without eradication and
H. pylori negative controls (Lee et al., 2015).
In addition, some studies stated that the inverse relation
between H. pylori and allergy is conditional; for instance
one study proved that the significant negative association
was demonstrated in men, but not in women, underlining a
difference in the negative association in relation to sex,
which suggests a different immune response to H. pylori
in women more than in men (Shiotani et al., 2008). Other
studies showed that the negative association was stronger
in child asthma than in adult asthma, as the adult asthma
may be multifactorial and child asthma is mostly
attributed to atopy (Chen and Blaser, 2008); for instance,
Blaser considered that the inverse association observed
with early life asthma (not with long-standing asthma seen
in adults) supported the role of H. pylori, since the effect
of H. pylori might be less important in adult-onset asthma
due to the much more heterogeneous nature of adult
asthma. However, the confounding factors that could
influence the association are not fully ruled out.
Potential mechanisms by which H. pylori could alter
the presentation of asthma include immune modifications,
or an effect on the gastroesophageal reflux disease
(GERD). The exogenous infection and microbial
substances including the H. pylori infection may elicit a
Th1-mediated immune response, which suppresses Th2
responses (Amedei et al., 2006; Codolo et al., 2008). The
lack of adequate stimulation of the Th1 might result in an
overactive Th2, which in turn leads to allergy (D’Elios and
Bernard, 2010). Moreover, the acquisition of H.
pylori may be of importance in the induction of regulatory
T cells, which could effectively reduce the possibility of
allergy (Moyat and Velin, 2014). The immune-modulatory
properties that allow the bacteria to persist for decades in
infected individuals in the face of a vigorous, yet
ultimately non-protective, innate, and adaptive immune
response may at the same time confer protection against
allergies, asthma, and inflammatory bowel diseases.
Regulatory T-cells mediating peripheral immune tolerance
have emerged as key cellular players in facilitating
persistent infection as well as protection from allergies in
humans as appears from the observational studies and in
mice as the experimental studies have shown (Arnold and
Anne Müller, 2012; Slomiany and Slomiany, 2014).
Associations between GERD and asthma are also wellestablished (Harding, 2005). Longitudinal studies show
that asthma is a risk factor for the development of GERD,
and that GERD can trigger asthma. H. pylori; in particular
CagA+ strains, are inversely associated with GERD
(Haruma et al., 2000; Peek Jr and Blaser, 2002; Blaser and
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Atherton, 2004). Although we did not specifically
investigate GERD in this study, there is a possibility that
the inverse association between H. pylori and asthma
reflects protection from GERD.
H. pylori may be asymptomatic; however, children
infected with H. pylori can manifest gastrointestinal
diseases. Although this study showed a significant
association between H. pylori related gastrointestinal
symptoms (except for poor growth; data not shown) and H.
pylori seropositivity, controversy persists regarding testing
(and treating) for the H. pylori infection in children with
recurrent dyspepsia, chronic idiopathic thrombocytopenia,
regurgitation, gastric ulcer and/or anemia. Because of the
not conclusive evidences of the role of H. pylori in
childhood gastrointestinal disease, several studies have
demonstrated that H. p ylori infection is not associated
with specific symptomatology in children (Pacifico et al.,
2010). Therefore, the identification of children with H.
pylori-associated gastritis on the basis of clinical
presentation alone is not possible. Based on the best
available evidence, testing for (and treating) H. pylori
infections should be performed in children with
endoscopically proven duodenal ulcer. Evidence from
studies on adults supports the recommendation that testing
for H. pylori should also be performed in children with a
documented gastric ulcer. Endoscopy and biopsy are also
recommended for children with persistent symptoms (Patel
et al., 1994)
This study has several limitations that should be
mentioned, for instance the cross-sectional study design.
Because this study only checked the history of asthma, it
could not exclude the possibility of the development of
asthma before the H. pylori infection. However, as H.
pylori acquisition is known to occur early in life, the
development of asthma was presumed to be the later event
in the present study. Most of the subjects were not highlyeducated living in a rural area. This might have caused a
selection bias. Recall bias may have occurred, as our data
on the history of allergic diseases (hay fever, eczema and
food allergy) are depended on self-reports. Furthermore,
the assessment of patients for the H. pylori infection using
the biopsy method, which has a higher sensitivity and
specificity than serology tests, is needed to prove the
results. However, after adjusting for those factors, the H.
pylori infection was inversely related to asthma and atopy.
Performing more studies with larger sample sizes is
necessary to confirm these results.
5. Conclusion
In conclusion, our data suggest that H. pylori is
inversely associated with atopy and asthma. It also shows
that this inverse association was more apparent in males
and in the less-than-nine age group. Moreover, the H.
pylori seronegativity, positive family history of asthma,
and positive atopy test are all triggering factors for asthma
(after removing the confounding factors). Obviously, a
precise recognition of the correlation between the H. pylori
infection and asthma in young children could play an
important role in the recognition of the physiopathology of
not only asthma, but of other allergic diseases as well. This
would offer potentially helpful new treatments for allergic
diseases. Therefore, we recommend a careful consideration
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of whether to eradicate H. pylori in young patients with
asthma risk factors, as H. pylori may play a role in
reducing the risk for asthma. Further prospective studies
are warranted to clarify the underlying mechanisms.
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Abstract
Diabetes mellitus (DM) is one of the most common chronic metabolic diseases worldwide affecting male reproductive
dysfunctions (RD). Male diabetics are more prone to having varieties of sexual disorders such as impotence, retrograde
ejaculation, sexual drive, decreased libido, delayed sexual maturation, and erectile dysfunction (ED). The present study is
designed to investigate the diabetes-induced testicular dysfunction and its treatment by the n-hexane fraction of the hydromethanolic (2:3) seed extract of Swietenia mahagoni in Wistar male albino rats. Diabetes was induced by the intramuscular
injection of streptozotocin (STZ) at a dose of 4 mg/mL of citrate buffer/100 gm body weight. Diabetes-induced testicular
oxidative stress injuries were assessed by the determination of antioxidant enzyme-activities including catalase (CAT),
superoxide dismutase (SOD), and glutathione-s-transferase (GST), along with thiobarbituric acid-reactive substances
(TBARS), and conjugated dienes (CD) levels. The numbers of the different generations of germ cells [i.e. spermatogonia-A
(SgA), preleptotine spermatocytes (pLSc), mid-pachytene spermatocyte (mPSc), step 7 spermatids (7Sd) and 19 spermatids
(19Sd)], at stage VII of spermatogenic cycle were assessed. Testicular CAT, SOD and GST activities were decreased along
with elevation in the levels of TBARS and CD in diabetic animals. Numbers of different generations of germ cells i.e. SgA,
pLSc, mPSc, 7Sd and 19Sd, at stage VII of the spermatogenic cycle were decreased in diabetic animals. Significant
improvement in the levels of blood glucose, serum insulin, testosterone, and testicular oxidative stress parameters were noted
towards control after the treatment of diabetic rats with the fraction at a dose of 10 mg/100 gm body weight/day for twentyeight days. The above-mentioned different generations of germ cell numbers along with the diameter and number of
pancreatic islets were recovered towards control after the treatment with the fraction. The results support the validity of this
n-hexane fraction for the management of testicular disorders noted in diabetic rats.
Keywords: Swietenia mahagoni (L.) Jacq., Streptozotocin, Antioxidant enzymes, Pancreas, Testis

1. Introduction
Diabetes mellitus (DM) represents one of the greatest
threats to modern global health. The estimated number of
adults with diabetes in 2007 was 246 million; of these,
80% live in developing countries, with the largest numbers
being from the Indian subcontinent and China. India has
forty-one million diabetics, and this number it is expected
to increase to seventy million by 2025 (Sicree et al., 2006).
According to the World Health Organization (WHO)
estimates, the urban population in developing regions will
increase from 1.9 billion in 2000 to 3.9 billion in 2030. It
is estimated that, by 2030, nearly 46% of India’s
population will be living in urban areas (WHO, 2002). The
Diabetes’ incidence is rising rapidly. It is a heterogeneous
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group of diseases, known as a syndrome, and has become
one of the greatest threats to modern global health and the
third leading cause of death (after heart disease and cancer)
in many countries (Can et al., 2004).
DM may affect the male reproductive function at
multiple levels as a result of its effects on the endocrine
control of spermatogenesis, or by impairing penile erection
and ejaculation (Soudamani et al., 2005). There are a
number of reports in the related literature examining the
effects of diabetes on the endocrine control of
spermatogenesis (Baccetti et al., 2002). Diabetes is,
however, a well-recognized cause of male sexual
dysfunction, which in itself may contribute to subfertility.
Data from animal models strongly suggest that DM
impairs male fertility. Furthermore, numerous studies have
demonstrated a marked reduction in fecundity when male
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animals are diabetic, as well as an impairment of sperm
quality (Gnoth et al., 2005). If similar effects exist in the
context of human male reproduction, the rising rates of
diabetes may well pose a significant problem to human
fertility. Despite this, the potential impact of the increase
in diabetes in young men and its effect on their
reproductive health have received comparatively little
attention to date.
However, there are several reports about the
dysfunctions of the male reproductive activity in diabetic
conditions, but the data are confusing, and the exact role
that insulin plays in the regulation of male reproductive
function is still unclear. Insulin is known to influence the
hypothalamic-pituitary axis (Bucholtz et al., 2000), which
can alter serum hormone levels significant in
spermatogenesis. It is also known that insulin may be able
to interact with receptors on the Leydig cells directly to
mediate the process of steroidogenesis; thus, we cannot
exclude the possibility that plasma insulin also directly
interacts with Leydig cells, in addition to the indirect
signaling through the pituitary. Leydig cells contain insulin
receptors (Brüning et al., 2000), and the administration of
insulin to Leydig primary cultures causes an increase in
testosterone formation (Pakarainen et al., 2005). In the
practices of traditional medicine, medicinal plants are used
in many countries to control diabetes mellitus. The
National Centre for Complementary and Alternative
Medicine was established in 1998 by the United States
Government for the development of herbal medicine as an
important subject of study (Sing et al. 2005; Mallick et al.,
2010). Recently, there is a greater global interest in nonsynthetic, natural drugs derived from plants and herbal
sources due to their better tolerance and minimum
potential adverse drug reactions (Pari and Umamaheswari,
2000). Plants play a significant role in human health, and
have been considered valuable sources of natural products
for maintaining a good health for many years. The WHO
suggested that medicinal plants would be the best source
from which to develop a variety of medications (WHO,
2001).
The plant, Swietenia mahagoni (L.) Jacq. from the
(Family- Meliaceae), is a lofty, evergreen large tree, native
to tropical America, Mexico, and South America, as well
as India (Kirk, 2009). The seed extracts of S. mahagoni are
widely used in Indonesia as folk medicine to cure diabetes
(Li et al., 2005). In an earlier study, the authors have
reported the antidiabetic activity of n-hexane fraction of
the hydro-methanol (2:3) extract of S. mahagoni seeds on
an animal model (Bera et al., 2015). Thus, this study has
been undertaken to investigate the diabetes-related
testicular disorders, and to evaluate the remedial effects of
n-hexane of the hydro-methanol (2:3) extract of the S.
mahagoni seeds on testicular dysfunctions in diabetic
conditions.
2. Materials and Methods
2.1. Plant Materials
The seeds of Swietenia mahagoni (L.) Jacq. of the
family- Meliaceae were collected from Medinipur in the
District of Paschim Medinipur in West Bengal, India
during December 2016. The materials were taxonomically

identified by Prof. R. K. Bhakat of the Department of
Botany and Forestry at Vidyasagar University in
Medinipur. The voucher specimen was deposited in the
Department of Botany at Vidyasagar University (Ref. No.
S. mahagoni (L.) Jacq. / VU / 01 / 09).
2.2. Chemicals
Streptozotocin (STZ) was purchased from Sigma–
Aldrich Diagnostic Ltd. USA. The insulin- enzyme linked
immunosorbent assay (ELISA) kit was purchased from
Boehringer Mannheim Diagnostic, Mannheim (Germany).
The testosterone kit was purchased from IBL–Germany.
The biochemical kits were purchased from Span
Diagnostic Ltd. Surat, India. The blood- glucose levels
were measured using a one touch electronic glucometer of
Ascensia Entrust, Bayer Diagnostics Ltd., Borada, India.
2.3. The Selection of Animal and Animal Care
The current study was conducted on matured Wistar
strain male albino rats of three months of age weighing
approximately 150 ± 10 g. The rats were acclimated for a
period of fifteen days in this study’s laboratory conditions
prior to the experiment. They were housed in Tarson cages
(Tarson Products Pvt. Ltd., Kolkata, India) at an ambient
temperature of 25 ± 2 0C with a twelve-hour light: twelvehour dark cycle. The rats were allowed free access to
standard food and water ad libitum. Normoglycemic
animals selected for this experiment had a fasting blood
glucose level of 75±5 mg/dL.
2.4. Preparation of the n-Hexane Fraction of the HydroMethanol (2:3) Extract from the Seeds of Swietenia
mahagoni (L.) Jacq.
Fresh seeds of S. mahagoni were dried in an incubator
for two days at 40 0C, crushed separately in an electric
grinder, and then pulverized. Out of this powder, 500 g
were suspended in 400 mL of water and 600 mL methanol
(2:3) and were kept in an incubator at 37 0C for thirty-six
hours. The slurry was stirred intermittently for two hours
and was left overnight. About 96.8 g of the light brown
colored lyophilized extract was collected. In a one-litre
separate flask, the extract (96.8 g) was dissolved with 500
mL of a hydro-methanolic (2:3) solution, and the solvent
fractionation was carried out using solvents (n-hexane,
chloroform, ethyl acetate and n-butanol) with increasing
polarity. Finally, from the 96.8 g- lyophilized extract of S.
mahagoni, an amount of 27.6 g of n-hexane fraction was
obtained.
2.5. Induction of Diabetes Mellitus
The Streptozotocin-induced diabetes was done by the
standard method as mentioned earlier (Panda et al., 2009).
In brief, twenty-five rats fasting for twenty-four hours
were subjected to a single intramuscular injection of
streptozotocin (STZ) at a dose of 4 mg/ 0.1 mL of citrate
buffer (pH 4.5) / 100 g body weight / rat. On the seventh
day of the STZ injection, fasting blood sugar (FBG) levels
were measured, and the eighteen diabetic rats were placed
in group II to group IV having six rats in each group. The
remaining seven rats having FBG less than 250 mg/ dL
were not selected for this experiment. Six other
normoglycemic rats were subjected to a single injection of
citrate buffer at a dose of 0.1 mL/ 100 g body weight/ rat at
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the time of the STZ injection in other rats, and these are
kept under the vehicle control group.
2.6. Animal Treatment
Twenty-four rats were divided into four groups equally
as follows; the duration of the experiment was thirty-five
days.
Vehicle control: Normoglycemic healthy rats of this
group were treated with 0.5 mL of 3.0% DMSO solution /
100 gm body weight / day for twenty-eight days at the
time of the n-hexane fraction treatment of the diabetic rats.
Vehicle diabetic: Diabetic rats of this group were
treated with 0.5 mL of 3.0% DMSO solution/ 100 gm body
weight/ day for twenty-eight days at the time of the nhexane fraction treatment of the diabetic rats.
Diabetic + n-hexane fraction: Diabetic rats of this
group were treated with n-hexane fraction of the hydromethanol (2:3) extract of the S. mahagoni seeds at a dose
of 10 mg / 0.5 mL of 3.0% DMSO solution/ 100 gm body
weight / day for twenty-eight days.
Diabetic + metformin: Diabetic animals of this group
were treated with metformin (standard antidiabetic drug) at
a dose 1 mg / 0.5 mL of 3.0 % DMSO solution / 100 gm
body weight / day for twenty-eight days.
The fraction was administered orally using a feeding
cannula daily for twenty-eight days starting from the
eighth day of the STZ injection considering the first day of
the fraction/ metformin treatment. From the first day of the
fraction / metformin treatment of the diabetic rats, a fasting
blood glucose level was measured every seventh day using
a glucometer (Bera et al., 2010). On the twenty-ninth day
of the experiment (the thirty-sixth day following the day of
the STZ injection), all the animals were sacrificed by
decapitation after recording the final body weight. Blood
was collected from the dorsal aorta using a syringe. Serum
was separated from part of the collected blood by
centrifugation at 3000 g for five minutes to evaluate the
levels of the serum insulin, and testosterone, in addition to
the activities of serum glutamic pyruvic transaminase
(SGPT), and serum glutamic oxaloacetic transaminase
(SGOT. Epididymis and testes were dissected out, and one
testis was stored at –20 0C for the biochemical analysis,
and other testes were used for the histological study.
Cauda epididymis of each animal was stored at 37oC in
buffer, and was used for epididymal sperm count, motility
and viability.
2.7. Measurement of the Fasting Blood Glucose (FBG)
Level
At the time of grouping the animals, the FBG level was
measured. On every seventh day of treatment, FBG was
further recorded from all the animals in all groups. Blood
was collected from the tip of the tail vein, or by an orbital
puncture alternatively, and the FBG levels were measured
by the one-touch glucometer (Bera et al., 2010).
2.8. Serum Insulin Level
Serum insulin was measured by an enzyme-linked
immunosorbent assay (ELISA) using the kit (Boehringer
Mannheim Diagnostic, Mannheim, Germany) (Briner et
al., 1988). The insulin level in the serum was expressed in
µIU/mL.
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2.9. Serum Testosterone Level
Serum levels of testosterone were measured using the
testosterone kit from IBL- Germany according to the
standard protocols supplied by that company (Srivastava,
2001). In this solid phase-conjugated assay, an alkaline
phosphatase conjugated hormone was used. There is no
inter-assay variation as all the samples were assayed at a
time.
2.10. Sperm Viability
The sperm viability was performed by the eosin
nigrosin staining (WHO, 1999). One drop of semen was
mixed with two drops of 1% eosin Y. After thirty seconds,
three drops of 10% nigrosin were added and mixed well. A
smear was made by placing a drop of the mixture on a
clean glass slide, and was allowed to air-dry. Pink-stained
dead sperms were differentiated from unstained live
sperms, and their numbers were recorded.
2.11. Estimation of Testicular Δ5, 3β- Hydroxysteroid
Dehydrogenase (Δ5, 3β- HSD) and 17 β- Hydroxysteroid
Dehydrogenase (17 β- HSD) Activities
The testicular Δ5, 3β- HSD activity was measured
spectrophotometrically (Talalay, 1962). One testis from
each animal was homogenized carefully at 4oC in 20%
spectroscopic grade glycerol containing 5 mM potassium
phosphate and 1 mM EDTA, at a tissue concentration of
100 mg/mL homogenizing mixture. This mixture was
centrifuged at 10,000 X g for thirty minutes at 4o C. The
supernatant (1ml) was mixed with 100 µM sodium
pyrophosphate buffer (pH 8.9), 40 µL ethanol, containing
30 µg dehydro-epiandrosterone, and 960 µL of 25 mg%
BSA, bringing the incubation mixture to a total of 3 mL.
One unit of the enzyme activity was the amount causing a
change in absorbance of 0.001 / minute at 340 nm.
For the measurement of the testicular 17 β- HSD
activity, another 1mL supernatant from the same
homogenizing mixture was added to 440 µM sodium
pyrophosphate buffer (pH 10.2), 40 µL ethanol containing
0.3 µM testosterone, and 960 µL of 25 mg% BSA,
bringing the incubation mixture to a total of 3 mL. The
enzyme activity was measured according to the method of
Jarabak et al. (1962). One unit of the enzyme activity was
equivalent to a change in absorbency of 0.001 / min at 340
nm.
2.12. Biochemical Assay of Testicular Catalase (CAT)
Activity
The activity of testicular catalase was measured
biochemically (Beers and Sizer, 1952). 0.5 mL of 0.00035
M H 2 O 2 and 2.5 mL of distilled water were mixed in a
spectrophotometric cuvette, and the reading of absorbance
was noted at 240 nm. The supernatants of the testicular
samples were added at a volume of 40 µL, and the
subsequent six readings were noted at 30 sec interval.
2.13. Assessment of Testicular Superoxide Dismutase
(SOD) Activity
The testis was homogenized in a chilled 100 mM/L tris
HCl buffer containing 0.16 M/L potassium chloride (pH
7.4) to give a tissue concentration of 10%
(weight/volume), and was centrifuged at 10,000 rpm for
twenty minutes at 40C. The SOD activity of the sample
was estimated by measuring the percentage inhibition of
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the pyrogallol auto oxidation by SOD according to the
standard method (Marklund and Marklund, 1974).
2.14. Determination of Testicular Glutathione-sTransferase (GST) Activity
The activity of GST in the testis tissue was measured
spectrophotometrically using 1-chloro-2, 4-dinitrobenzene
(CDNB) as a substrate (Hobig et al., 1974). The assay
mixture of 3 mL contained 0.1 mL of 1 mM CDNB in
ethanol, 0.1mM of 1 mL GSH, 2.7 mL of 100 mM
potassium phosphate buffer (pH -6.5) and 0.1 mL of the
supernatant of the tissue homogenate. The formation of the
product of CDNB, S-2, 4-dinitrophenylglutathione, was
monitored by measuring the net increase in absorbance at
340 nm against the blank.
2.15. Estimation of Testicular Lipid Peroxidation from the
Concentration of Thiobarbituric Acid Reactive Substance
(TBARS) and Conjugated Dienes (CD)
The testis was homogenized separately with a tissue
concentration of 50 mg / mL in 0.1 M of ice-cold
phosphate buffer (pH-7.4), and the homogenates were
centrifuged at 10,000 g at 40C for five minutes
individually. Each supernatant was used for the estimation
of TBARS and CD (Okhawa et al., 1979; Slater, 1984).
For the measurement of TBARS, the homogenate mixture
of 0.5 mL was mixed with 0.5 mL of normal saline (0.9
g% NaCl) and 2 mL of TBA-TCA mixture (0.392 g
thiobarbituric acid in 75 mL of 0.25 N HCl with 15 g
trichloroacetic acid (TCA). The volume of the mixture was
made up to 100 mL by 95% ethanol) and boiled at 100 0C
for 10 min. This mixture was then cooled at room
temperature and was centrifuged at 4000 g for ten minutes.
The whole supernatant was taken in a spectrophotometer
cuvette, the reading was at 535 nm (Okhawa et al., 1979).
The quantification of the CD was performed by a
standard method (Slater, 1984). The lipids were extracted
with chloroform-methanol (2:1) followed by centrifugation
at 1000 g for five minutes. The chloroform layer was
evaporated to dryness under a stream of nitrogen. The lipid
residue was dissolved in 1.5 mL of cyclohexane and the
absorbance was noted at 233 nm to measure the amount of
the hydro-peroxide formed.
2.16. Biochemical Assay of Serum Glutamate
Oxaloacetate Transaminase (SGOT) and Serum Glutamate
Pyruvate Transaminase (SGPT)
The activities of GOT and GPT in serum were
measured by specific kits supplied by Span Diagnostic
Ltd., Surat, India. The activities of these enzymes were
expressed as IU/L of serum (Henry et al., 1960).
2.17. Histopathology of Testis and Pancreas
The tissues were subjected to paraffin embedding
followed by section cutting (5 µm thick) with Leica
microtome (Leica Biosystem). Deparaffinized sections
were stained with hematoxylin and eosin. Histological
examinations were carried out on stained sections with a
computer-aided microphotography system using Avar Cap
(Avatar Capture, Version-2.5; Aver Media Technologies
Inc.), and Dewinter Caliper Pro 3.0 software (Dewinter
Optical Inc.). The quantification of different generations of
germ cells at stage VII was performed according to the
method of Leblond and Clermont (1952). The cells
present in this stage are spermatogonia-A (SgA),

preleptotine spermatocytes (pLSc), mid-pachytene
spermatocyte (mPSc), step seven spermatids (7Sd) and
nineteen spermatids (19Sd). The different nuclei of the
germ cells (except step ninteen spermatids, which cannot
be precisely counted) were counted at twenty round
tubular cross-sections in each rat. All the nuclear count of
germ cells was corrected for differences in nuclear
diameter by the formulae of Abercrombie (1947). True
count= (Crude count × section thickness) / (section
thickness + diameter of germ cell), and tubular shrinkage
by the Sertoli cell correction factor (Clermont and
Morgentaler, 1955).
The diameters of the pancreatic islets were measured
by the Avar Cap (Avatar Capture; (Version-2.5); Aver
Media Technologies Inc.) and Dewinter Caliper Pro 3.0
software (Dewinter Optical Inc.). Islet cells were counted
per islet under 1000X magnifications. Islet count per
specific parts of the pancreas was performed by a total
scanning of the section under a microscope (Mallick et al.,
2009).
2.18. Phytochemical Analysis of n-hexane Fraction of
Hydro-methanol (2:3) Extract of the Seeds of Swietenia
mahagoni (L.) Jacq.
2.18.1. Test for Alkaloids
The 0.25 g n-hexane fraction was defatted with 5 %
ethyl ether for fifteen minutes. The defatted sample was
extracted for twenty minutes with 5 mL of aqueous HCl
using a boiling water bath. The resulting mixture was
centrifuged for ten minutes at 3000 rpm (Trease and
Evans, 2002).
2.18.2. Test for Flavonoids
A portion of the crude powder was heated with 10 mL
of ethyl acetate over a steam bath for three minutes. The
mixture was filtered and 4 ml of the filtrate was shaken
with 1 mL of dilute ammonia solution, and a yellow
coloration was observed (Edeoga et al., 2005).
2.18.3. Test for Tannins
A crude powder of 0.25 g in amount was stirred with
10 mL of distilled water. This was filtered and the ferric
chloride reagent was added to the filtrate. A blue-black
precipitate was taken as evidence for the presence of
tannin (Kolawole et al., 2006).
2.18.4. Test for Terpenoids
0.25 g of crude powder was dissolved in 5 mL of
methanol. Two mL of the extract was treated with 1 mL of
2, 4-dinitrophenyl hydrazine dissolved in 100 mL of 2M
HCl. A yellow-orange coloration was observed as an
indication of terpenoids (Kolawole et al., 2006).
2.18.5. Test for Steroids
0.25 g of crude powder was dissolved in 5 mL of
methanol. One mL of the extract was treated with 0.5 mL
of acetic acid anhydride, and was cooled in ice. This was
mixed with 0.5 mL of chloroform, and 1 mL of
concentrated sulphuric acid was then added carefully using
a pipette (Kolawole et al., 2006).
2.19. Statistical Analysis
The analysis of variance followed by multiple
comparisons using the two-tailed Student’s T-Test for the
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statistical analysis of the collected data by Origin 6.1
software (Origin Lab Corporation) (Sokal and Rohle,
1997). All of the values were indicated in the tables and
figures as mean ± standard deviation (mean ± SD).
Differences were considered significant at the level of p <
0.05.

Table 2. Remedial effect of n-hexane fraction of hydro-methanol
(2:3) extract of S. mahagoni seeds on fasting blood glucose level
in streptozotocin-induced diabetic male albino rats.

Groups

1st
day

3. Results

Vehicle
control

75.3± 74.5±
3.3
3.4

3.1. Body Weight and Organo-Somatic Indices

Vehicle
diabetic

73.6± 302.7± 321.4± 338.5± 356.5±
3.6
4.3*
4.7*
4.8*
4.9*

Diabetic
+n-hexane
fraction

74.1± 296.3± 228.5± 176.7± 118.9±3.5* 95.2±
4.1
3.8*
3.8*
3.7*
3.6**

Diabetic +
metformin

76.4± 298.5± 201.7± 138.3± 94.6±3.4** 76.4±
3.5
4.1*
3.5*
3.6*
3.1

Body weight and organo-somatic indices were
decreased significantly (p<0.001) in STZ-induced vehicle
diabetic rats in comparison to the vehicle control group.
The treatment of the diabetic animals with the n-hexane
fraction (10 mg / 100 gm body weight / day for twentyeight days) resulted in significant (p<0.05) recovery in the
level of these parameters towards the control. The
metformin treatment of diabetic animals resulted in
resettlement of the above-mentioned parameters to the
control level with the exception of the epididymis-somatic
index (Table 1).
Table 1. Effect of n-hexane fraction of hydro-methanol (2:3)
extract of S. mahagoni seeds on body weight and organo-somatic
indices in streptozotocin-induced diabetic male albino rats.

Groups

Body weight
(gm)
Initial

Final

Testiculosomatic
index
(gm%)

Epididymissomatic
index
(gm%)

Seminal
vesiculosomatic
index
(gm%)

Vehicle
control

153.62± 161.03
4.51
± 4.54

2.63 ±
0.17

0.65 ±
0.03

0.42 ±
0.03

Vehicle
diabetic

154.21± 140.52± 1.24 ±
5.30
3.76*
0.14*

0.40 ±
0.04 *

0.20 ±
0.04 *

Diabetic
+nhexane
fraction

151.94± 155.01± 2.12 ±
4.42
4.12**
0.12**

0.58 ±
0.02 **

0.36 ±
0.02 **

Diabetic + 152.75± 160.22± 2.58 ±
4.23
metformin 4.36
0.16

0.59 ±
0.03**

0.41 ±
0.02

All values are expressed as mean ± SD, n = 6. Analysis of
variance followed by multiple comparisons using two-tailed
Student- t test, where *indicates P< 0.001 and **indicates P <0.05
compared with vehicle control group.

3.2. Fasting Blood Glucose (FBG) Level
Streptozotocin-induced diabetic animals resulted in a
significant (p<0.001) elevation in the fasting blood glucose
(FBG) level in comparison to the vehicle control animals.
The level of this parameter was significantly (p<0.05)
recovered towards the control level after the treatment of
the STZ-induced diabetic animals by the n-hexane
fraction. Treatment of the diabetic animals with metformin
(1 mg / 100 gm body weight / day for twenty-eight days)
resulted in resettlement in the level of FBG compared to
the control level on the thirty-fifth day. Moreover, there
was no significant difference in the level of FBG between
the vehicle control and the metformin- treated diabetic
groups on the thirty-fifth day (Table 2).

Fasting blood glucose (FBG) level (mg / dL)
7th
day

14th
day

21st
day

28th
day

35th
day

76.6±
3.2

73.4±
3.1

75.3±
3.3

74.6±
3.2
371.8±
4.8*

All values are expressed as mean ± SD, n = 6. Analysis of
variance followed by multiple comparisons using the two-tailed
Student-t test, where *indicates P< 0.001 and **indicates P <0.05
compared with vehicle control group.

3.3. Levels of Serum Insulin and Testosterone
The levels of serum insulin and testosterone were
decreased significantly in the vehicle diabetic animals in
comparison to the vehicle control animals. The oral
administration of n-hexane fraction at the abovementioned dose to the diabetic animals resulted in
substantial correction of the levels of these parameters
towards the control level. No significant variations were
noted in the levels of serum insulin and testosterone
between the n-hexane fraction treated groups and the
metformin treated diabetic groups (Figure 1).

Figure 1. Effect of n-hexane fraction of hydro-methanol (2:3)
extract of the S. mahagoni seeds on serum insulin and testosterone
levels of STZ-induced diabetic male albino rats. All values are
expressed as mean ± SD, n =6. Analysis of variance followed by
multiple comparisons using the two-tailed Student-t test, where
*
indicates P< 0.001 and **indicates P <0.05 compared with
vehicle control group.

3.4. Sperm Count, Viability and Motility
The epididymal sperm count and viability and motility
were decreased significantly in the STZ-induced diabetic
conditions when compared to the match vehicle control
animals. Treatment of the diabetic animals with the nhexane fraction resulted in significant (p<0.05) recovery of
the above-mentioned parameters towards the control. The
sperm count was recovered to the control level after the
treatment of the diabetic animals with metformin though
the sperm viability and motility were not recovered in this
stage. No significant deviations were noted in sperm
viability and motility between the n-hexane fraction-
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treated group and the metformin treated diabetic groups
(Table 3).
Table 3. Corrective role of n-hexane fraction of hydro-methanol
(2:3) extract of the S. mahagoni seeds on sperm count, viability
and motility in streptozotocin-induced diabetic male albino rats.
Groups

Vehicle
control
Vehicle
diabetic
Diabetic
+nhexane
fraction
Diabetic +
metformin

Sperm
Sperm viability
count
Alive sperm Dead sperm
(million/ml (%)
(%)
of
epididymal
fluid)

Sperm
motility (%)

18.3±0.81

78.66±2.06

21.34±1.32

72.08±2.27

5.72±0.58*

33.51±1.87*

66.59±2.31*

41.71±1.92*

13.2±0.69** 67.17±2.51** 30.83±1.7**

62.96±2.48**

3.6. Testicular CAT, SOD and GST Enzymes Activities
Activities of CAT, SOD and GST in the testis were
decreased significantly in vehicle diabetic animals in
comparison to the vehicle control animals. After the nhexane fraction treatment of the diabetic animals, the
activities of the above-mentioned parameters were
significantly recovered towards the control when
comparison was made with the vehicle diabetic group.
Metformin treatment of animals with diabetes resulted in
resettlement of SOD activity to the control level whereas
the CAT and GST activities were not recovered in this
concern. Insignificant differences were noted in the
activities of CAT and GST when a comparison was made
between the n-hexane fraction treated groups, and the
metformin treated diabetic groups (Figure 3).

68.47±2.63** 32.03±1.57** 64.17±2.61**

17.8±0.76

All values are expressed as mean ± SD, n = 6. Analysis of
variance followed by multiple comparisons using the two-tailed
Student-t test, where *indicates P< 0.001 and **indicates P <0.05
compared with vehicle control group.

3.5. Activities of Testicular Δ5, 3β- Hydroxysteroid
Dehydrogenase (Δ5, 3β- HSD) and 17 β- Hydroxysteroid
Dehydrogenase (17 β- HSD) Enzymes
The testicular Δ5, 3β- HSD and 17 β- HSD enzyme
activities showed significant diminution in the vehicle
diabetic rats when compared to the vehicle control
animals. Activities of the above-mentioned enzymes in the
testis were significantly recovered towards control after
the treatment of the diabetic animals with n-hexane
fraction. The 17 β- HSD enzyme activity was recovered to
the control level after the metformin-treatment of the
diabetic animals though the Δ5, 3β- HSD enzyme activity
was not recovered at this stage. There was no significant
difference in the testicular Δ5, 3β- HSD enzyme activity
between the n-hexane fraction -treated groups and the
metformin- treated diabetic groups (Figure 2).
Vehicle control
Vehicle diabetic
Diabetic + n-hexane fraction
Diabetic + metformin

40

Unit / mg of tissue / hr

35
30

**

**

25
**
20
15

*
*

10
5
0

Δ5, 3β- HSD

17 β- HSD

Figure 2. Corrective role of n-hexane fraction of hydro-methanol
(2:3) extract of the S. mahagoni seeds on testicular Δ5, 3β- HSD
and 17β- HSD activities of STZ-induced diabetic male albino rats.
All values are expressed as mean ± SD, n =6. Analysis of variance
followed by multiple comparisons using the two-tailed Student-t
test, where *indicates P< 0.001 and **indicates P <0.05 compared
with vehicle control group.

Figure 3. Remedial effect of n-hexane fraction of hydro-methanol
(2:3) extract of the S. mahagoni seeds on testicular CAT, GST and
SOD activities of STZ-induced diabetic male albino rats. All
values are expressed as mean ± SD, n =6. Analysis of variance
followed by multiple comparisons using the two-tailed Student-t
test, where *indicates P< 0.001 and **indicates P <0.05 compared
with vehicle control group.

3.6. Levels of Conjugated Diene and Thiobarbituric AcidReactive Substances in Testis
Levels of testicular conjugated diene (CD) and
thiobarbituric acid-reactive substances (TBARS) were
significantly increased in the vehicle diabetic animals
compared to the vehicle control animals. The treatment of
the diabetic animals with n-hexane fraction or metformin
at the above-mentioned dose resulted in significant
recovery in the levels of these parameters towards the
control. No significant deviations were noted in the levels
of testicular CD and TBARS between the n-hexane
fraction-treated groups and the metformin-treated diabetic
groups (Figure 4).
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300

**

250

nM / mg of tissue

Vehicle control
Vehicle diabetic
Diabetic + n-hexane fraction
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marked recovery of these parameters toward the control
level. No significant deviations were noted in the abovementioned parameters between the n-hexane fraction
treated groups and the metformin-treated diabetic groups
(Table 4 and Figure 6).
Table 4. Corrective effect of n-hexane fraction of hydro-methanol
(2:3) extract of the S. mahagoni seeds on islet number, islet cell
number, diameter of islets in streptozotocin-induced diabetic male
albino rats.

200

150

Groups

Islet number
(count per
field in 1000X
magnification)

No. Islet cells

Islet diameter

/ Islet

(µ m)

Vehicle
control

7.41±0.17

126.32±4.77

234.07±4.62

Vehicle
diabetic

1.65±0.11*

71.74±3.38*

162.41±3.48*

Diabetic +nhexane
fraction

4.92±0.15**

106.59±4.32**

208.53±4.17**

Diabetic +
metformin

5.06±0.16**

109.15±4.63**

210.76±3.95**

100
*
** **

50

0

TBARS

CD

Figure 4. Effect of n-hexane fraction of hydro-methanol (2:3)
extract of the S. mahagoni seeds on testicular TBARS and CD
levels of STZ-induced diabetic male albino rats. All values are
expressed as mean ± SD, n =6. Analysis of variance followed by
multiple comparisons using the two-tailed Student-t test, where
*
indicates P< 0.001 and **indicates P <0.05 compared with the
vehicle control group.

3.7. Activities of SGOT and SGPT
Activities of transaminase enzymes, i.e., SGOT and
SGPT, were increased significantly in vehicle diabetic
animals in comparison with the vehicle control animals.
After the treatment of the diabetic animals with n-hexane
fraction or metformin at the above-mentioned dose in a
fasting state, there was a substantial decrease in the
activities of SGOT and SGPT towards the control level
(Figure 5).
160

135

All values are expressed as mean ± SD, n = 6. Analysis of
variance followed by multiple comparisons using the two-tailed
Student-t test, where *indicates P< 0.001 and **indicates P <0.05
compared with vehicle control group.
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Diabetic + metformin
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Figure 5. Corrective effect of n-hexane fraction of hydromethanol (2:3) extract of the S. mahagoni seeds on serum GOT
and GPT activities of STZ-induced diabetic male albino rats. All
values are expressed as mean ± SD, n =6. Analysis of variance
followed by multiple comparisons using the two-tailed Student-t
test, where *indicates P< 0.001 and **indicates P <0.05 compared
with vehicle control group.

3.8. Histopathology of Pancreas
The diameters of pancreatic islets, count of islets, and
islet cells per islet were substantially decreased. In
addition, degeneration of pancreatic acini was also noted
in the STZ-induced diabetic group in comparison with the
vehicle control animals. The treatment of the diabetic
animals with n-hexane fraction or metformin resulted in

Figure 6. Histology of pancreas. A: Normal histoarchitecture of
pancreatic islet, i.e. normal vehicle control group. B: Diminution
in the diameter of the islet and islet cell population and
degeneration of pancreatic acini cells in the vehicle diabetic
group. C and D: Recovery of islet cell population and islet’s
diameter in n-hexane fraction-treated groups and metformintreated diabetic groups (Haematoxylin-Eosin stain, X 400).

3.9. Histopathology of Testis
Vehicle treated control animals exhibited a normal
histomorphological structure of testis, and dense lining of
germ cells was noted in the periphery as well as in the
middle part of the testis at stage-VII of the seminiferous
epithelial cycle with normal diameter. Numbers of SgA,
pLSc, mPSc, and 7Sd were all decreased significantly at
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stage VII of the seminiferous epithelial cycle in the STZinduced diabetic conditions in comparison to the vehicle
control animals. The numbers of germ cells at stage VII of
the seminiferous epithelial cycle were significantly
recovered towards the control level after the n-hexane
fraction treatment of the diabetic animals. Insignificant
differences were noted in the numbers of SgA, pLSc,
mPSc, and 7Sd germ cells at stage-VII of the
spermatogenic cycle when comparisons were made
between the n-hexane fraction treated groups and the
metformin-treated diabetic groups (Table 5 and Figure 7).

Table 6. Phyto-constituents of n-hexane fraction of aqueousmethanol (2:3) extract of the sseds of S. mahagoni (L.) Jacq.

Table 5. Effect of n-hexane fraction of hydro-methanol (2:3)
extract of the S. mahagoni seeds on different generations of germ
at stage VII in streptozotocin-induced diabetic male albino rats.

‘+’ indicate the presence of constituent and ‘–’ indicate the
bsence of constituent

Groups

SgA

pLSc

mPSc

7Sd

4. Discussion

Vehicle
control

0.60±0.04

20.47±0.42

24.68±0.47

67.42±3.7

*

*

*

*

Vehicle
diabetic

0.33±0.02

9.75±0.32

11.52±0.38

34.05±2.8

Diabetic
+n-hexane
fraction

0.53±0.03**

15.63±0.37**

19.27±0.40** 52.96±3.3**

Diabetic +
metformin

0.54±0.04**

16.05±0.40**

19.86±0.45** 54.02±3.8**

All values are expressed as mean ± SD, n = 6. Analysis of
variance followed by multiple comparisons using the two-tailed
Student-t test, where *indicates P< 0.001 and **indicates P <0.05
compared with vehicle control group.

Figure 7. Histology of Testis. A: Normal density of different
generations of germ cells in vehicle control group; B: Diminution
in the number of different generations of germ cells at stage VII of
vehicle diabetic group; C and D: Recovery in the number of
different generations of germ cells at stage VII of n-hexane
fraction and metformin-treated diabetic groups (HaematoxylinEosin stain, X 400).

3.10. Phytoingredients of n-Hexane Fraction
The n-hexane fraction of the hydro-methanol (2:3)
extract from the seeds of Swietenia mahagoni (L.) Jacq.
revealed the presence of medicinally-active antidiabetic
and antioxidative constituents. The alkaloid, flavonoid and
steroid constituents were present within the investigated
fraction while terpenoid, and tannin were absent (Table 6).

Phytoingredient(s)

Swietenia mahagoni (L.)
Jacq.

Alkaloid

+

Flavonoid

+

Steroid

+

Terpenoid

-

Tannin

-

Diabetes mellitus (DM) is a leading disease of public
health significance, which causes cardiovascular,
psychological, and sexual dysfunctions. It is a well-known
cause of male sexual dysfunction (MSD), with prevalence
rates approaching 50% of both type 1 and type 2 diabetes
mellitus (Johannes et al., 2000). Day by day, the
prevalence of MSD in diabetic patients is increasing. The
incidences of impotence in diabetics are 2-5 times higher
than non-diabetics (Zimmet, 2001). Impaired glucose
metabolism leads to oxidative stress and protein glycation
that in turn leads to a free radical generation. Diabetes
suppresses the reproductive function resulting in male and
female infertility (Rehman et al., 2001; Enzlin et al.,
2002). Our data showed abnormal spermatogenesis
following the STZ injection in male rats, which is
concordant with data by other authors (Rabbani et al.,
2010). Our observations illustrate depressed sperm count
and motility along with an increase in the percentage of
dead sperm in diabetic animals. The number of different
generations of germ cells at stage VII of the spermatogenic
cycle was decreased significantly in diabetic rats in
comparison to the control rats. This finding suggests that
the conversion of spermatogonia into primary
spermatocytes is reduced in diabetic conditions. These
alterations in cellular conversion and/or activity lead to a
reduction in the spermatozoid production. The current
study was undertaken to investigate the remedial effect of
the n-hexane fraction of the hydro-methanol (2:3) extract
of S. mahagoni seeds on the management of diabetesinduced testicular dysfunctions noted in diabetic
conditions. The effect was compared with a standard
antidiabetic drug, namely, metformin.
The n-hexane fraction of the plant used here exhibited
the most effective antidiabetic potentiality than other
solvent fractions (i.e. chloroform, ethyl acetate, and nbutanol), supported by the study’s report (Bera et al.,
2015). After the streptozotocin injection, the fasting blood
glucose level increased and serum insulin levels were
decreased; these results are in accordance with the authors’
previous work (Bera et al., 2015). After the treatment with
the n-hexane fraction, there was a significant recovery in
the levels of fasting blood glucose and serum insulin
which can be attributed to the regeneration of the
pancreatic β cells as confirmed by the present study and an
earlier report by the same authors (Mallick et al., 2007).
Streptozotocin-induced diabetes resulted in significant
diminution in testiculo-somatic, epididymal-somatic and
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seminal vesiculo-somatic indices which may be attributed
to the low- serum level of the testosterone because
testosterone is the key regulator of the normal growth of
these organs (Shrilatha and Muralidhara, 2007). After the
treatment with this n-hexane fraction, the above-mentioned
organo-somatic indices were recovered towards the control
level which can be attributed to the elevation in serum
testosterone. This elevation in serum testosterone after the
administration of this fraction may be attributed to the
elevation in the activities of androgenic key-enzymes i.e.,
Δ5, 3β-HSD and 17β-HSD, as well as by the recovery of
serum insulin because insulin has a positive role in the
testicular testosterone synthesis (Baccetti et al., 2002).
This fraction may operate the proper tuning system of the
pituitary-testicular axis by the insulin-glucose axis as
proposed by others (Glenn et al., 2003). Moreover, this
fraction has the property to regenerate pancreatic β-cells;
thus insulin levels will also increase and stimulate the
testicular androgenesis. The n-hexane fraction has no
general toxic effects reflected here by the body weight
recovery and the measurement of the activities of SGOT
and SGPT (Ghosh and Suryawanshi, 2001).
Another explanation for the corrective role of this nhexane fraction on testis may be the correction in testicular
oxidative stress noted here in the diabetic conditions by the
measurement of testicular CAT, SOD and GST activities,
and the important scavenging enzymes of reactive oxygen
species (ROS) (Pillai and Gupta, 2005), in addition to the
quantification of testicular TBARS and CD, which are the
free radicals and end product (De-Young et al., 2004). The
sperm count, which was decreased in diabetic states, may
be due to the inhibition in spermatogenesis reflected here
by the quantification of different generations of germ cells
at stage VII of the spermatogenic cycle, an important
reflector of holistic approach of spermatogenesis (Holstein
et al., 2003). Another possible reason behind the low
sperm count is the effect of testicular oxidative stress on
diabetic conditions reported by (Vincent et al., 2002).
Sperm motility and viability are also affected by the
oxidative damaging effect of free radicals (De-Young et
al., 2004). Increased cellular oxidative stress and altered
antioxidant pool have been implicated in the pathogenesis
of the chronic complications of diabetes (Vincent et al.,
2002).
To comprehend the exact effect of oxidative stress on
germ cells maturation and function, it is important to
emphasize that some studies indicated the presence of high
inducible cytochrome P-4502E1 isoform (CYP2E1) in
male gonads (Healy et al., 1999; Oropeza-Hernandez et
al., 2003; Quintans et al., 2005). It is known that the
CYP2E1 expression is affected by a variety of pathophysiological situations including diabetes (Knockaert et
al., 2011). Elevated oxidative stress and ROS production
in diabetes often parallel an increased expression of
CYP2E1 (Raza et al., 2004). CYP2E1 generates reactive
oxygen intermediates, such as superoxide radicals, which
in turn could rapidly react with organic molecules
generating secondary free radicals and ROS (Lieber,
1997). Such cascades may alter the antioxidant milieu of
testis and epididymis; producing conditions for the
spermatogenic cycle to interfere. After the administration
of n-hexane fraction as protection from the testicular
oxidative stress imposed in STZ-induced diabetic
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conditions, the sperm count, and viability, as well as a
number of different generations of germ cells at stage VII
were corrected towards the control level. This antioxidant
activity of the n-hexane fraction may be due to the
presence of phytoingredients such as alkaloid, flavonoid,
and steroid which are traditional natural antioxidants.
5. Conclusion
From the preceding discussion, it may be concluded
that this n-hexane fraction has a significant protective
effect on testicular dysfunctions noted in STZ-induced
diabetic conditions. The exact chemical compound(s) of nhexane fraction responsible for such protection remains
speculative, needing further studies to isolate, identify, and
characterize the active ingredients and their molecular
action in this regard.
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Abstract
High altitude (HA) environments contain low levels of oxygen, which often cause nonspecific gastrointestinal (GI) disorders
associated with acute mountain sickness (AMS). This study is conducted to investigate the alternation of microbial
population and the physiological indices after being exposed to HA. Fecal and blood samples were collected from twelve
army personnel in base-level environments in (Delhi, India) after acclimatization for seven days at 3505 m HA (Lah, India).
Different bacterial groups, oxygen saturation level (SPO 2 ), serum hemoglobin (Hb), hematocrit (HCT), blood urea,
creatinine and microbial enzymes such as the α-amylase, proteinase, alkaline phosphatase and β-glucuronidase levels were
all measured. It was observed that the total aerobic bacteria decreased significantly and the anaerobic and facultative
anaerobic increased gradually in the intestines. Strict anaerobes including Bacteroidetes sp., Bifidobacterium sp.,
Lactobacillus sp. as well as pathogenic bacteria such as the Salmonella sp. exhibited positive growth. Various physiological
parameters including serum hemoglobin, hematocrit, and urea-creatinine were also significantly changed. The microbial
enzyme- activity also increased at HA. This confirms that the exposure to HA can change the intestinal microbial population
affecting the microbial enzyme production possibly causing GI dysfunctions as a result of the decreased availability of
oxygen.
KeyWords: High-altitude (HA); Acute mountain sickness (AMS); Microbial enzymes; Gut-microflora; Oxygen saturation level (SPO 2 ).

1. Introduction
Hypobaric hypoxia is a characteristic environmental
condition in high-altitude areas where people are known to
develop varieties of physiological difficulties in such
conditions (Hackett and Roach 2001). The stresses are
solely dependent on the rise of altitude from sea level [an
increase of 1 km above sea level drops 10 kilopascal (kPa)
air pressure; with a sea level air pressure of 101.3 kPa (at
15 °C and 0% humidity)] (Hackett and Roach 2001). At
high altitude, individuals may suffer from several pathophysiological disorders including a change in body weight,
hematological changes, gastrointestinal disorders which
are collectively called the altitude related sickness (ARS)
(Shaov and Wan 2005; Paula and Niebauer 2012). Acute
mountain sickness (AMS) is a frequent complication of
individuals at high altitudes (Anand et al. 2006). One of
the important problems in AMS is the gastrointestinal
disorders that consist of indigestion, acid formation,
*
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flatulence, vomiting, anorexia, and diarrhea (Rook and
Brunet 2005).
It is well-known that the normal human gastrointestinal
(GI) tract contains vast and diverse groups of microbes in a
complex ecosystem consisting of nearly one-hundred
trillion (over fifty bacterial phyla; about 500 to 1,000
bacterial species). On the whole, these bacteria are very
active, and play a significant role in diseases and human
health (Hao and Lee 2004). Any responses of the host
inside the state of an exacting range of exogenous factors
(stress, temperature, drugs, cancer, etc.) and endogenous
factors (inflammatory bowel diseases, peristalsis disorders)
can change the GI microenvironment as well as its
microbial ecology (Rhee et al. 2009). A disproportion of
GI microbial ecology affects the gut physiological
homeostasis, and may induce GI problems (Ley et al.
2012). It was shown that at high altitude (HA),
gastrointestinal disorders are common problems for
soldiers, veterans, athletes and travellers. Clues behind
these disorders have not yet been explored, and there is no
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thorough evidence for variations in the GI microbial flora
at high altitude. To analyze the microbial community of
the GI tract, generally cultivable and non-cultivable
approaches are used. The major drawback of cultivable
approaches is that it reflects only a limited number of
microbes (30-40%) of the whole microbial community.
Now, the restriction of the cultivable process was
minimized by the advance of modern molecular techniques
(non-cultivable approach). However, the latter are very
expensive, and so the cultivable method is still regarded as
a classical technique (Lemos et al. 2012).
In the present study, quantitative variation of some
common bacteria of fecal samples of healthy army male
soldiers at a base level environment (Delhi), and at a HA
environment (Leh-Ladakh) were examined. Microbial
analysis including total aerobes and prominent anaerobes,
an indicator strain Escherichia coli, Lactic acid bacteria,
Bifidobacterium sp., Bacteroidetes sp. and a pathogenic
strain Salmonella sp. were studied to investigate the
impact of hypobaric hypoxia on the composition of
gastrointestinal microbiota and some physiological indices.
In relation to the microbial alteration, the activity of some
microbial enzymes was also monitored.

2.4. Analytical Measurement
2.4.1. Microbial Analysis
The cultivable microflora was enumerated on agar
plates on the basis of colony-forming units (CFU). CFU
represent the actual number of bacteria present in the fecal
samples. These CFU values were converted to their
logarithmic value and tallied with the corresponding
experimental set of specified conditions. The total aerobic
and anaerobic fecal bacteria were enumerated by a
standard pour-plate technique in a single-strength
trypticase soya agar (HiMedia, India), and reduced
Wilkins Chalgren agar (supplemented with sodium
succinate, hemin, vancomycin, menadione, oleandomycin
phosphate polymyxin B and nalidixic acid) respectively.
The Anaerobic condition was maintained in CO 2 incubator
filled with 10% of CO 2 and H 2 gases (Adak et al., 2013).
Escherichia coli, Bacteroidetes sp., total Lactic acid
bacteria, Bifidobacterium sp., and Salmonella sp. were
cultured on Mac-Conkey, bacteroides bile esculin agar
(supplemented
with
gentamicin
100
mg/L),De
Man, Rogosa and Sharpe agar (MRS), bifidobacterium and
Brilliant green agar modified (HiMedia, India)
respectively (Wehr and Frank 2004; Maity et al., 2012).

2. Materials and Methods

2.4.2. Somatic Index and Haematological Parameter

2.1. Subject Selection

The individual body weight, body temperature, and
heart rate were recorded at the beginning (Base Line) and
throughout the experiment on the first, fourth, and seven
days. A finger pulse Oximeter probe (Model MU 300,
China) was set on the right index finger to measure the
pulse and oxygen saturation level (SPO 2 ). The blood
samples were used for analyzing the hematological
parameters including hemoglobin (Hb) by the standard kit
method (Merck, Japan) and hematocrit (HCT).

Twelve young healthy Indian army male soldiers (base
level residents) within the age group of 25 – 30 years were
selected for this study; their body mass index (BMI) was
approximately 24.55 kg/m2 (± 0.84). They all were
healthy, not under the treatment of any medication, and
they were not suffering from any bacterial or viral
infections. They consumed army-specific homogenous
diets throughout the experiment. The sea level (i.e. Base
line or ‘0’ day) study was carried out at Delhi (barometric
pressure 740 mm Hg). After recording the physiological
parameter and collecting the samples, the subjects were
flown to an altitude of 3,505 m at Leh (barometric pressure
483 mm Hg) in the Western Himalayas. The subjects
arrived at a 3500 m altitude in the morning and the day of
arrival was taken as day one at 3500 m.
2.2. Collection of Fecal Samples
After a brief medical counseling, the fecal samples
(~10 g) were collected in a pre-sterilized spatula–container
at Delhi, and these were considered as the ‘Base Line’ (or
‘0’ day sample) samples. Thereafter, the samples were
collected on the first, fourth, and the seventh days at Leh,
Jammu and Kashmir, India (~ 3500 m) during
acclimatization. The samples were transported in a
sterilized carrier solution containing peptone, 10 % (w/v);
glycerol, 5 % (v/v). pH was adjusted to 7.0±0.2, and the
samples were stored at 4 °C until the analysis.
2.3. Collection of Blood Samples
Blood samples were collected from subjects using 21Gauge needles (21G) mounted on a 5-mL syringe
(Hindustan Syringes and Medical Devices Ltd, Faridabad,
India) into heparin-coated sample bottles for analysis.
Samples were collected on ‘0’ (base line), during the first,
fourth, and seventh day periods.

2.5. Blood Uremia Profile
2.5.1. Biochemical Estimation of Blood Urea
The plasma fraction was separated after the
centrifugation of the blood samples at 3,000 rpm for five
minutes. Plasma urea levels were measured by the
commercially available standard blood urea kit (Merck,
Japan) following the standard protocol for photometric
determination of urea according to the glutamate
dehydrogenase method (Burtis and Ashwood 1999).
2.5.2. Biochemical Estimation of Blood Creatinine
Plasma creatinine levels were measured by the
commercially available standard creatinine kit (Merck,
Japan) following the standard protocol for photometric
determination of creatinine according to the Jaffe kinetic
method without deproteinization (Sabbagh et al. 1988).
2.6. Fecal Enzyme Activity
The fecal samples were centrifuged at 10,000 rpm for
fifteen minutes at 4 ºC. for the enzymatic analysis. After
centrifugation, the supernatant was collected and used in
the enzyme assay. For the determination of α-amylase
activity, the dinitro-salicyclic acid method was used
(Miller 1989). Proteinase, alkaline phosphatase and βglucuronidase activities were assayed by the following
protocols of Brock et al. (1982), Yotton and Savage (1976)
and Kent et al. (1972) with slight modifications. Total
protein in the feces was determined by Lowry et al.
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(1951). The enzyme activities were expressed as specific
activity (U/mg of protein).
2.7. Statistical Analysis
The collected data are presented as the arithmetic mean
of three replicas (mean ± SE). The variations in microbial
count hematological parameters were examined by oneway ANOVA. The alteration in the bacterial quantity was
tested by Bonferroni for post hoc testing. Significant
variation was accepted at the level of 5 %, i.e. p<0.05.
3. Results
A large number of aerobic bacteria were present in the
fecal samples at normobaric conditions. But it was reduced
significantly (p<0.05) after the seventh day of
acclimatization at Leh. The quantity of total anaerobes was
9.10 (log 10 CFU/g) on the 0th day at base line (Delhi) and
increased significantly to 11.15 (log 10 CFU/g) after the
seventh day of acclimatization. The ratio of total anaerobe
to aerobic bacteria was 103 in Dehli; it had increased to 107
on the seventh day at Leh. The E. coli content was 6.9
(log 10 CFU/g) at the base level, it was expended after the
seventh days acclimatization of hypoxic condition and the
changes of the above population were statistically
significant, with p < 0.05. The quantity of strict anaerobic
such as Bacteroides sp. and Bifidobacterium sp. was
increased after the seventh day (Table 1). The total lactic
acid bacterial population was increased though it showed
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no significant (p<0.05) change up to the seventh day of
acclimatization. Selected pathogen such as Salmonella sp.
was increased at the seventh day of acclimatization higher
than the base line population. The body weight of the
experiment group of the army personnel (AP) was
decreased at the end of seventh day of acclimatization
compared with their initial body weight; though it was not
changed significantly (p < 0.05) (Table 2). Initially the
body temperature (Table 2) and SPO 2 decreased (Table 2),
during acclimatization it was further increased towards the
normal. Heart rate (Table 2), the level of hemoglobin (Hb)
and hematocrit (HCT) were significantly increased during
acclimatization (Table 3).
The alteration of urea and creatinine levels were
significant in group AP, it was noticed that during
acclimatization (AP group) urea and creatinine levels were
increased gradually and on the seventh day of hypoxic
exposure they returned to the initial base line values (Table
3).
The microbial enzyme activity was also used for the
evidence of the alternation of GI micro-environment
during HA. The base levels of alkaline phosphatase,
proteinase, β-glucuronidase and α-amylase activity
increased respectively % in their specific activity after
seven days of acclimatization (Table 4).

Table 1. Alteration of microbial population in human feces (Army Personnel - AP) on different days during acclimatization at high altitude
(3500m).
Hypobaric hypoxic exposure duration (in days)
MicrobialParameters

‘0’ (Base Line)
a

1

4
a

7
b

Total aerobes

6.13 ± 0.554

6.30 ± 0.561

4.77 ± 0.548

3.94 ± 0.560c

Total anaerobes

9.1 ± 0.581b

9.10 ± 0.583b

11.10 ±0.584a

11.15±0.585a

Escherichia coli

c

6.9 ± 0.482

c

6.97 ± 0.480

b

7.98 ± 0.483

8.95 ± 0.481a

Bacteroidetes sp.

7.03 ± 0.275c

7.20 ± 0.271c

7.78 ± 0.700b

8.23 ± 0.277a

Total Lactic Acid Bacteria

6.3 ± 0.312b

6.34 ± 0.310b

7.35 ± 0.313a

7.45 ± 0.314a

Bifidobacterium sp.

5.21 ± 0.450b

5.38 ± 0.451b

6.54 ± 0.453a

7.08 ± 0.452a

Salmonella sp.

2.26 ± 0.474c

2.33 ± 0.470c

3.52 ± 0.471b

4.21 ± 0.472a

*Microbial population density was expressed (mean of log 10 CFU/g ± SD). Letters (a, b, c) in superscript form in the row are significantly
different at p<0.05.
Table 2. Changes physiological parameter on different days of acclimatization to 3500m.
Changes of physical parameter
Base Line

HA Day 1

HA Day 4

HA Day 7

Body Weight (kg)

69.5 ± 2.58

69 ± 2.67

66 ± 2.69

66 ± 2.65

Heart Rate (pulse/min)

64.83 ± 3.49

81.5 ± 7.46

84.33 ± 6.20

81.66 ± 6.41

SPO2 (%)

98.83 ± 0.23

91.66 ± 1.07

97.16 ± 0.43

97.83 ± 0.92

Temperature (ºF)

98.41 ± 0.21

96.3 ± 0.80

96.96 ± 0.62

97.06 ± 0.63

* Data are expressed as Mean ± SE.
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Table 3. Changes of blood parameter of Army Personnel (AP) on different days of acclimatization and its alteration after seven days at
3500m.
Blood parameters

Groups

Hypobaric hypoxic exposure duration (in days)
1

4

7

Hb (g/dl)

AP

14.16 ± 0.52c

16.1 ± 0.31a

15.76 ± 0.48b

15.84 ± 0.52b

Hematocrit (HCT)

AP

50.8 ± 1.93a

51.4 ± 1.71a

48.4 ± 1.19b

48 ± 1.41b

Urea (mg/dl)
Creatinine(mg/dl)

‘0’ (Base Line)

c

b

AP

33.16 ± 1.43

37.83 ± 3.37

AP

c

a

0.83 ± 0.05

a

34.5 ± 3.21c

43 ± 3.22

a

0.95 ± 0.08

0.87 ± 0.04b

1.06 ± 0.08

*Data are expressed as Mean ± SE.Letters (a, b, c) in superscript form in the row are significantly different each other at p<0.05.
Table 4. Changes in the enzyme profiles on different days of acclimatization.
Enzyme activity

Hypobaric hypoxic exposure duration (Day)
‘0’ (Base Line)

1

2

4

7

Α-amylase

200.22 ± 4.45

210.34 ± 4.38

222.22 ± 4.11

241.44 ± 5.05

244.57 ± 4.21a

Proteinase

3.83 ± 0.06d

4.05 ± 0.05c

4.47 ±0.02b

5.82 ±0.08a

5.90 ±0.1a

e

d

c

b

d

c

b

a

β-glucuronidase

5.75 ±0.06

6.04 ±0.04

6.63 ±0.03

7.82 ±0.02

8.05 ±0.05a

Alkaline phosphatase

4.43 ±0.01e

5.12 ±0.02d

6.17 ±0.02c

6.67 ±0.04b

7.18 ±0.1a

* Data are expressed as Mean ± SE. Letters (a, b, c, d, e) in a row are significantly different each other at p<0.05.

4. Discussion
The population of microbes present in the
microenvironment of the gastrointestinal tract performs
several important and essential activities in the host body.
Little disturbances in the balanced gastrointestinal
environment result in the alteration of the whole ecosystem
with resultant physiological changes (Rhee et al., 2009).
Acute exposure to high altitude, the individual suffers
from AMS due to the decrease in inspired PO 2 , while
traveling from sea level. Acclimatization to high altitude
decreases the tissue oxygen delivery, which causes
microcirculatory dysfunctions and cellular dyslexia
including indigestion, acid gas formation, bowel motility,
permeability etc. This dyslexia in the gastrointestinal track
(GI) mucosa leads to metabolic dysfunctions that finally
have an effect on the largest number of GI symbionts.
The results of this study showed that the total aerobes
of the fecal samples decreased significantly during
acclimatization of army personnel at high altitude, and the
total anaerobes increased after seven days of HA
acclimatization. This is likely related to the higher
anaerobic state of intestinal epithelia, and the alteration of
GI mucosal microenvironment was the major factor
causing
the
modulation of specific
bacterial
subpopulations.
It has been established that the E. coli population was
generally 106 times higher than the total aerobes in feces.
The total aerobes, facultative anaerobes (E. coli) and total
anaerobes are present in the ratio of 4.36:1:4.03×105 in
feces, but this may vary within species and even between
individuals in the same species (Maity et al., 2009). At a
lower level of oxygen, this ratio was changed to 1 : 2.94 ×
104 : 2.16 × 107 and E. coli proliferation was higher (106)
as it possessed elaborate genetic regulatory network for
sensing oxygen (Holy et al., 2012). It has been shown that
immobilization for six hours initiates the increase of the
concentration of E. coli in the proximal sections (the
duodenum and the jejunum) of the digestive tract
(Gritsenko et al., 2000). This rapid expansion of E. coli
population may encourage the growth of other strict

anaerobes (Bacteroidetes sp. Bifidobacterium sp. and
Lactobacillus sp.) and pathogen (Salmonella sp.) in
anaerobic respiration (Gombosov et al., 2011). But it is not
clear, why Bacteroidetes sp. and lactic acid bacteria were
lower than other anaerobes. The growth of Gram negative
bacteria can cause a serious burden in the gut lumen due to
poisoning with bacterial lipopolysaccharides.
The loss of body weight at hypobaric hypoxic
conditions had been described in several studies (Benso et
al., 2007). In the present study, the final body weight of
the army personnel (AP) was not changed significantly
during the seven-day period of the experiment, but there
was a tendency to weight loss (Table 2) which may be
attributed to the higher metabolic rate, different energy
output, and the loss of body water (Wall et al., 2009).
Initially the body temperature and SPO 2 were decreased,
and at the seventh day of acclimatization they were
increased due to the lower oxygen concentration in the air.
In such conditions, the heart rate altered significantly due
to the activity of autonomic nervous system (Bhaumik et
al., 2013).
The level of hemoglobin and HCT were increased
during acclimatization to HA. Literature reveled that
hypoxia causes the excessive secretion of erythropoietin
(EPO) to increase blood RBC and Hb (Wickler et al.,
2000; Mizuno et al., 2008) in order to compensate for the
reduced blood oxygen content. In the current study, blood
Hb and HCT were increased (Table 2) as describes by
(Mairbaurl 2013). It was known several decades ago that
erythrocytes are produced from the successive maturations
of different erythroid progenitors which are responsive to
erythropoietin (EPO). The rise in HCT and hemoglobin
contents suggests that HA increases the EPO production
(EPO is a glycoprotein hormone produced by the kidneys
and secreted into the plasma), producing then
haematological changes, (Gouttebargea et al., 2012).
The alkaline phosphatase activity removed the
phosphate from glutamine of the lipid moiety to reduce the
LPS toxicity and create a less toxic situation (Bates et al.,
2006). The α-amylase activity digests the undigested
polysaccharides to salvage energy and facilitated acid
accumulation in the colon (Gloster et al., 2008).
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This study shows that the lower pressure of
atmospheric oxygen at high altitude reduced the blood
oxygen level that disturbed the physiological buffering
system. As a result, gut microbiota and its associated
enzymes are altered, perhaps causing the indigestion and
the GI complications during the acclimatization at HA.
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Abstract
Inula viscosa (Asteraceae) is a herbaceous perennial Mediterranean plant. Despite its very common use in folk medicine,
few studies have evaluated its toxicity. This study was conducted to investigate the toxic effects of this plant on male rats
especially on the reproductive system. The flavonoid-rich acetone extract of I. viscosa was administered intraperitoneally to
mature male rats for 60 days. In addition, a one generation fertility study was performed in order to detect the teratogenic
effects of this plant. No statistically significant difference was found in the sperms count, sperms morphology, total serum
testosterone level, or number and weight of newborns. Also, no gross morphological defects were observed in newborns of
treated and control groups. A histological study demonstrated normal spermatogenesis. In addition, a normal architecture of
prostate, liver and kidney was observed. However, some morphological alterations were detected in seminal vesicles.
Furthermore, liver and kidney tests were normal. In conclusion, this study suggests that the I. viscosa extract has no toxic
effects in male rats.
Keywords Inula viscosa, Toxicity, Male reproductive system, Fertility, Teratogenic effect, Folk medicine

1. Introduction
Herbal drug therapy is a common practice adopted in
folk and alternative medicine and has been used in the
treatment of various disorders since ancient times
(Nabavizadeh et al., 2009). According to Ekor (2013),
about 80% of individuals from developing countries use
traditional medicine for their primary healthcare needs.
Jordan is a country rich in flora regarding the number of
plant species (Oran, 2014). It was recorded that 20% of the
total flora of Jordan is medicinal plants (Oran and AlEisawi, 2014) which are used in folk medicine, and can be
used in pharmaceutical industry. Despite the deficiency in
the evidence-based safety and efficacy of herbal medicine,
herbal drug utilization has been increasing in the
developing countries, including Jordan (Akour et al.,
2016). According to a survey conducted by Bardaweel
(2014), 92% of males with infertility problems in Jordan
resort to herbalists to treat their problems.
Inula viscosa (syn. Dittrichia viscosa (L.) Greuter/
Asteraceae) is a herbaceous perennial Mediterranean plant.
It is known as Taioon in Arabic (Hudaib et al., 2008), and
it can found in ruderal environments (along roads) (Parolin
et al., 2014). In traditional medicine, I. viscosa is used
externally as muscle relaxant (Hudaib et al., 2008),
sedative, antiseptic, for wound healing, treating women
*
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infertility,
antirheumatic,
expectorant
and
for
haemorrhoids (Ali-Shtayeh et al., 1998). Internally, I.
viscosa is used as antipyretic, general tonic, antidiabetic,
diuretic, antispasmodic, antihelmintic (Ali-Shtayeh et al.,
1998; Seca et al., 2014), chronic coughing, and tumors
(Oran and Al-Eisawi, 2015). Recently the I. viscosa plant
has drawn the attention because of its pharmacological
activities, such as its antioxidant activity (Assi et al.,
2015), antimicrobial, anti-inflammatory (Assaf et al.,
2016), antihypertensive and vasodilator effects (Hakkou et
al., 2017). According to three studies conducted in vitro, I.
viscosa extracts exhibited cytotoxic effects on cancer cell
lines, but their effect on normal cells was not tested
(Merghoub et al., 2009; Merghoub et al., 2016; Messaoudi
et al., 2016). Similarly, I. viscosa extracts were effective
against cancer lines with variable toxicity against the noncancerous Vero cell line (Talib and Mahasneh, 2011). The
common use of this plant in folk medicine necessitates
testing its toxicity in vivo.
In local folk medicine, a water bath of I. viscosa leaves
is used to induce abortion (Akour et al., 2016). Scientific
research has revealed that I. viscosa extracts has antiimplantation and progesterone lowering activities in
pregnant rats (Al-Dissi et al., 2001). The wide distribution
and the very common use of I. viscosa in traditional
medicine (Oran and Al-Eisawi, 2015) entailed the
investigation of the effects of this plant in vivo. Also, long-
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term assessment studies of its toxicity are lacking
especially its effects on the male reproductive system.
Therefore, the present study was conducted to shed more
light on both areas; toxicity and male rat fertility.
2. Materials and Methods
2.1. Plant Collection and Preparation
The Inula viscosa aerial parts were collected from Al
Subaihi/Jordan during May-June, 2015. The plant was
authenticated by a taxonomist, Prof. Dawud Al-Eisawi of
the Department of Biological Sciences at the University of
Jordan. The aerial parts were dried at room temperature
away from direct sunlight, coarsely grinded, and extracted
by maceration in acetone since this extract is reported to be
rich in flavonoids (Grande et al., 1985). The resulting
extract was evaporated to dryness under reduced pressure
using rotary evaporator. The dried extract was stored at -20
°C until used.
2.2. Animals
Six week old Wistar rats weighing (180-200gm) were
maintained under standard animal room conditions (23 + 2
ºC) with 12 hrs light/12 hrs dark cycle. Pelleted food and
tap water were available ad-libitum. The animals were
acclimatized for one week before being used in the
experiment. The experimental animals of this research
were handled and treated in accordance with the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals.
2.3. Determination of the Median Lethal Dose (LD50)
The toxicity of the I. viscosa extract was evaluated by
the calculation of intraperitoneal (i.p) LD 50 which
determines the dose that kills 50% of animals. The LD 50 in
rats was determined to evaluate the proper treatment dose
to be used in this study. For the LD 50 determination,
BALB/c male mice (weight 20-25 g) were obtained from
the Animal House of Al-Ahliyya Amman University. The
LD 50 for the I. viscosa acetone extract was determined
according to the method of Alawi and Jeryes (1982). Mice
were divided into eight groups (ten mice each). The doses
of the plant extract ranged from 200 mg/kg to 1000 mg/kg,
and were given i.p. Animal behavior was carefully
observed for two hours, and the number of dead mice was
counted in the experimental groups after twenty-four
hours.
2.4. Toxicity and Fertility Study
In this part of the study, nine-week male Wistar rats
were used. A total of twenty-four rats were randomly
divided into three groups (eight rats each): Group I (high
dose group) received 82.95 mg/kg (1/10 of the LD 50 of the
acetone extract of I. viscosa). Group II (low dose group)
rats received 41.475 mg/kg (1/20 of the LD 50 of the
acetone extract). Group III (control group) received the
vehicle of the acetone extract (100 µL of Dimethyl
sulfoxide (DMSO) per rat daily). Rats received their I.P
treatments once a day, and the treatment period lasted for
sixty consecutive days in accordance with the WHO
protocol (1983).
On the last day of the treatment, the body weight of
each rat was recorded. Kidney, liver, epididymis, prostate

and seminal vesicles were carefully removed from each
animal and weighed quickly using a sensitive 6-digit
analytical balance (Shimadzu, Japan). Tissues were fixed
in 10% formalin fluid, dehydrated using graded
concentrations of alcohol, and embedded in paraffin. The
paraffin sections were then cut at five µM thickness using
Leica microtome (Germany), stained with hematoxylineosin stain to be used later for the histopathological
examination. Sections were examined by two histopathologists who were blind to the treatments, namely, Dr
Iqbal Al-Qubtan of the The Hashemite University-Zarqa,
and Dr. Nasrat Babouq of Biolab, Amman, Jordan. The
diameter of seminiferous tubules was measured using an
MC 170 HD Leica Camera, Switzerland, and the LAS EZ
software.
Blood samples were collected from retro-orbital plexus
for biochemical analyses, centrifuged at 2500 rpm for ten
min, and stored at -20 °C until used. The total testosterone
level was performed at the Specialty Hospital (Amman–
Jordan)
using
Chemiluminescent
Microparticle
Immunoassay technology (ARCHITECT i 1000
Testosterone assay, Abbott). Total protein, alkaline
phosphatase (ALP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), blood urea nitrogen and
serum creatinine were measured using ARCHITECT c
4000 kit, Abbott.
For sperm count and morphology, the right cauda
epididymis was removed and opened by a surgical blade in
4 ml of Hank’s balanced salts solution (HBSS) to exude
epididymal contents. Using a haemocytometer, two
hundred sperms were counted per specimen. Sperm
morphology was examined at 400X magnification and one
hundred sperms were counted per specimen.
Abnormalities in sperm head, mid-piece or tail were
recorded.
Twenty four untreated virgin Wistar female rats
weighing (160-180 g) were used for mating the treated
males. On the 55th day of the treatment, each male rat was
caged separately with one untreated adult female for five
days. All males were sacrificed under ether anesthesia at
the end of the mating period. Mated females were housed
individually after being examined for vaginal sperms.
After birth, the number of viable and dead newborns was
recorded. The pups were weighed and examined for signs
of gross physical deformity.
2.5. Statistical Analysis
All data were expressed as mean± standard error of the
mean (SEM). Statistical analysis was performed using
GraphPad Prism 7. Organ weights, sperm count,
percentage of deformation in sperm morphology, number
and weight of newborns, total serum testosterone, total
protein, ALP, ALT, AST, urea and serum creatinine were
analyzed using one-way analysis of variance (ANOVA)
followed by Tukey’s test. Differences between means were
considered statistically significant at P < 0.05.
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3. Results
3.1. Determination of the Median Lethal Dose (LD50)
The administration of high doses of I. viscosa showed
convulsions. The LD 50 of acetone extract was found to be
829.5 mg/kg.
3.2. Toxicity Study
During this study, animals did not show any change in
their general behavior, skin changes, including hair loss,
defecation, or other abnormal physiological signs. No
statistically-significant difference in organ weight was
found between I. viscosa treated and control groups except
for a higher testis weight in the I. viscosa-low dose group
(Figure 1). Normal histological architecture of testis was
observed (Figure 2 A, B). Cross sections of seminiferous
tubule of both I. viscosa treated and untreated groups,
showed discrete layers of germ cells. Spermatogonia were
present on the basal lamina and spermatocytes were
arranged inward. No retained spermatids, missing germ
cell layers or types, multinucleated giant cells, or

Figure 1. Effect of acetone extract of I. viscosa on the organ weight.
* Statistically significant difference at p<0.05
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sloughing of spermatogenic cells into the lumen were
observed. Furthermore, the diameter of seminiferous
tubules was not statistically different between the control
group (89.4+23.3 µm) and the I. viscosa-high dose group
(93.1+21.1 µm). The epididymis had normal appearance. It
did not contain desquamated germ cells or cell debris
(Figure 2 C, D). Also, no changes in prostate were
observed (Figure 2 E, F). On the other hand, it was noted
that the height of mucosal folds in seminal vesicles were
shorter in the I. viscosa-treated groups (Figure 2 G, H).
Data in Figure 3 also indicates that the administration
of acetone extract of I. viscosa for sixty days did not alter
serum hepatic enzymes activity, serum total protein and
urea in rats belonging to both treated groups in comparison
with the control group. Creatinine was normal in the group
that received a high dose of I. viscose, but lower than that
of the control group in the low dose group. Furthermore,
the histological examination of liver and kidney sections
for all the groups involved in the study revealed a lack of
any abnormal appearance in these organs (Figure 3
A,B,C,D).
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I. viscosa (high dose group)

Control group (vehicle only)

A

B

C

D

E

F

G

H

Figure 2. Cross-sections of control and I. viscosa-treated groups. (A,B) testis, (C,D) epididymis, (E,F) prostate, and seminal vesicle (G,H).
Haematoxylin and eosin stain.

I. viscosa (high dose group)

Control group (vehicle only)

A

C

B

D

Figure 3. Cross-sections of control and I. viscosa-treated groups. (A,B) Kidney, (C,D) liver. Haematoxylin and eosin stain
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Figure 4. Effect of the acetone extract of I. viscosa on liver and kidney function tests.
* Statistically significant difference at p<0.05

3.3. Fertility Experiment
The normal sperm count, sperm morphology and the
total testosterone level after the administration of various
doses of I. viscosa acetone extract for sixty days were
recorded in comparison with the control group as shown in

(Table 1). In the fertility study, the number and weight of
newborns in the I. viscosa high and low dose-treated
groups were not statistically different from those of the
control group (Table 1). Furthermore, no gross
deformations
were
observed
in
newborns.

Table 1. Effect of Acetone extract of I. viscosa on sperm count, total testosterone level, number and weight of newborns. Data are
represented as mean + SEM.
Sperm count

Sperm abnormalities

Average no of living Weight of
newborns
newborns (gm)

(x10 sperms/mL)

(% abnormal)

Total testosterone
(ng/mL)

56.67+5.99

3.02+0.98

3.02+0.98

9.0+0.28

4.96+0.18

High dose
52.83+9.80
acetone extract of
I. viscosa

2.37+0.76

2.37+0.76

11.0+0.45

5.67+0.30

Low dose acetone 57.40+2.21
extract of I.
viscosa

3.23+1.00

1.24+0.34

9.0+1.21

4.96+0.17

Group tested
Control group
(vehicle)

6

* Statistically significant difference at p<0.05
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4. Discussion
Interest in studying the pharmacological activity of
medicinal plants has increased recently. In fact, reports of
efficacy are, by far, more numerous than those on toxicity.
Therefore, there is an urgent need to study the toxicity of
plant extracts (Bello et al., 2016; Ghadirkhomi et al.,
2016). In this study, no significant differences in kidney,
liver and epididymis weights were found upon the
administration of the I. viscosa aerial part extract. This is
an indication that the extract did not alter the size and
weight of the organs. As for the control group, the
measured values for kidney and liver function tests were
found almost normal compared to the normal range
published by Charles River laboratories in 2008 (Giknis
and Cifford, 2008). Even though, many researchers have
already reported factors that affect the serum clinical
pathology values in rats such as availability of food before
and at the time of bleeding, type of anaesthesia, site of
blood sampling, storage conditions, differences in the
analytical methods used (Matsuzawa et al., 1997), in
addition to the environmental conditions, gender, age,
origin of breeding system, and feeding (Teixeira et al.,
2000).
Hepatic enzyme activity was studied to detect any liver
malfunction. These enzymatic values went up in acute
hepatotoxicity but declined with intoxication due to the
damage in the liver (Obi et al., 2004). In case of tissue
damage, enzymes specific to that tissue are released into
circulation. This led to an increase in the activity of these
enzymes in the serum (Aliyu et al., 2006). Depending on
the results clarified in Figure 4, there was no significant
difference in the serum ALT, AST, ALP activities between
groups receiving different doses of the I. viscosa extract
and the control group during the treatment period. This
indicates that the extract of I. viscosa was not harmful to
the liver.
The results of the total serum protein and serum urea
levels obtained in this study in the control group were
within the limits, and are somehow close to the results
obtained by other Jordanian researchers (Khouri and
Daradka, 2012). The total serum protein may be altered
due to liver and/or kidney damage (Fox, 2016). In this
experimental study, no significant change in total protein
and urea levels was observed between the control and the
treated groups. Also, the creatinine level was not raised
during the sixty-day treatment with the I. viscosa extract.
On the contrary, the low dose of the I. viscosa extract has
significantly lowered the creatinine level. This is an
indication that the I. viscosa extract was not toxic to the
kidney. It is well-known that creatinine is the main
catabolic metabolite of the muscle, excreted by the
kidneys, and that it is a good indicator of a renal failure
(Aliyu et al., 2006).
In our sixty-day study, the normal histological
morphology of the liver and kidney supports our
biochemical results which indicate that the I. viscosa
extract has no hepatic or renal toxicity. Similar results
were obtained by Zaza (2005) who found no change in the
liver-enzyme levels (AST, ALT) when aqueous,
methanolic and petroleum ether extracts of I. viscosa were
administered to rats for one month. Atoom (2002) reported
that the ethanolic extract of this plant has a slight

hepatoprotective effect. In fact, a soft drink of I. viscosa is
commercially available, and is used to treat non-alcoholic
steatohepatitis and other non-alcoholic fatty liver diseases
(Assy et al., 2012). All these results can be explained by
the presence of active constituents in the I. viscosa extract,
including flavonoids, which are endowed with an
antioxidant activity (Assi et al., 2015).
An aqueous extract of I. viscosa was found to have
progesterone lowering effect in pregnant rats (Al-Dissi et
al., 2001). In our study, no effect of the I. viscosa extract
on testosterone level was found in male rats. The effect of
the I. viscosa extract results from the complex interactions
between different components that have synergistic and/or
antagonistic effects. The acetone extract of I. viscosa aerial
parts is rich in biologically- active flavonoid aglycones
(Grande et al., 1985). From this fraction the flavones
apigenin, scutellarein 6-methyl ether (hispidulin) and
luteolin, 6-methoxyluteolin (nepetin) were isolated
(Wollenweber et al., 1991). Apigenin was reported to have
adverse effects on the male reproductive system in mice
(Li et al., 2010). On the other hand, luteolin was reported
to possess phosphodiesterase type five (PDE5) inhibitory
activity (Ko et al., 2004) indicating beneficial effects on
erection.
Regulatory guidelines for reproductive and fertility
toxicity studies consider histopathology as a sensitive and
early indicator of spermatogenic disturbances (Creasy,
1997). There are four targets for testicular toxicants. These
are: the Sertoli cell, the Leydig cell, the germ cells (each
has its own specific chemical sensitivity) and the vascular
endothelium. In this study, no change in the histological
architecture of the testis and epididymis was found. Also,
there was no change in the seminiferous tubule diameter.
In addition, the number of epididymal sperms was
comparable to that of the control group. Furthermore, no
change in testosterone level was found between the control
group and the I. viscosa treated groups. Therefore, it can
be concluded that the I. viscosa extract is unlikely to have
a harmful effect on testis. A higher testicular weight was
found in the I. viscosa-low-dose group compared to the
control group while no change in epididymis weight was
observed between the control and the I. viscosa-treated
groups (Figure 1). According to Creasy (1997) if a
significant decrease in testis weight was found, it is
expected to find an obvious germ cell loss. On the other
hand, if there is no significant reduction in testis and
epididymis weights, it is unlikely to have a clear change in
testicular morphology.
Since accessory sex glands are androgen-dependent,
they may reflect changes in the endocrine status and
testicular function (Campion et al., 2012). Seminal vesicle
mucosal fold height was lower in the I. viscosa treated
groups. Further research is needed to investigate this
aspect. To our knowledge, the results of this study are the
first to demonstrate the effect of the I. viscosa acetone
extract on male rat fertility.
5. Conclusion
In relation to the experiments performed in this study,
one can conclude that the administration of I. viscosa
acetone extract for sixty days at the doses investigated had
no toxic effect on male fertility and organ toxicity in rats.
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This may support the safety of using this plant in Jordanian
folk medicine. However, further studies are needed either
to ascertain its safety or to investigate the effects of its
active constituents and pure compounds (after isolation) in
humans.

Creasy DM. 1997. Evaluation of testicular toxicity in safety
evaluation studies: The appropriate use of spermatogenic staging.
Toxicol Pathol, 25(2):119-131.
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Abstract
Streptococcus pneumoniae colonization is a serious problem since dissemination to other organs in the body can cause
serious infections. This study investigates the impact of the pneumococcal conjugate vaccine (PCV7) on pneumococcal
carriage and resistance in healthy infants in the rural areas of Ajlun, Jordan. 415 infants younger than two years of age were
selected for this study. The vaccination was given at ages 2, 4 and 10 months between April 2009 and July 2010 (Scheme
2+1). Nasopharyngeal (NP) swabs were taken at the first vaccination (phase one), the third vaccination (phase two), and also
three months after the last vaccination (phase three). Pneumococcal isolates were identified according to morphology, bile
solubility, and optochin sensitivity. Antimicrobial susceptibility was tested via the micro-broth dilution method and
serotyping by the (Neufeld) Quellung reaction. At the first vaccination, carriage in two-month old infants was 26.3%. At the
third vaccination, carriage in ten-month–old infants was 29.9%, and at three months after their last vaccinations it was
29.4%. Twenty cases were found positive for all the three nasopharyngeal swabs (5.1%). At the end of the study 241/415
cases (58.1%) were carriers. Resistance rates were as follows: (intermediate and resistant): penicillin (84.0%), cefotaxime
(5.6%), clarithromycin (47.2%), clindamycin (25.6%), trimethoprim-sulfamethoxazole (59%), and tetracycline (39%).
Multidrug resistance rate was 39.5% for phase one, 48.4% for phase two, and 46.7% for phase three. Frequent serotypes at
the time of the first vaccination were: 6A (14.7%), 19F (12.8%), 6B, 23F, and 15B at 6.4% each, and 11A (5.5%). Frequent
serotypes after the last vaccination were: 11A (12.3%), 19A (10.7%), 6A (9.0%), and 19F (8.2%). The prevalence of vaccine
serotypes (4, 6B, 9V, 14, 19F and 23F) at phase one (0.9%, 6.4%, 1.8%, 3.7%, 12.8%, 6.4%, respectively) was reduced at
phase three (0.0%, 2.5%, 0.0%, 3.3%, 8.2%, 0.8%, respectively). Serotype 18C was not identified. An increase of 19A in
phase one from 2.8% to 10.7% at phase three was observed. The impact of vaccination was an observed reduction in the
resistance to penicillin, cefotaxime, clarithromycin, and clindamycin by 5.9%, 2.4%, 11.4%, and 18.3%, respectively.
Coverage of the PCV7 and PCV13 three months after receiving the third injection was 27.8% and 49.4% respectively. High
carriage and resistance rates were observed among the infants. Vaccine administration reduced pneumococcal carriage and
antimicrobial resistance among the infants.
Keywords: Streptococcus pneumoniae, Carriage, Resistance, Pneumococcal Conjugate Vaccines.

1. Introduction
Streptococcus pneumoniae is an infectious agent
causing meningitis, pneumonia, and bacteraemia
especially for young children, mainly in low-income
countries where pneumococcal conjugate vaccines (PCVs)
are still underused. Understanding the epidemiology of
carriage for Streptococcus pneumoniae (S. pneumoniae)
and other common respiratory bacteria in developing
countries is crucial for implementing appropriate
*
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vaccination strategies and evaluating their impact
(Adegbola et al., 2014). Nasopharyngeal colonization with
S. pneumoniae in infants is generally acquired at
approximately 4-6 months of age (Al-Lahham and Van der
Linden 2014; Bogaert et al., 2004), and is considered a
prerequisite for a disease. Unlike children, carriage in the
elderly is rarely detected (Krone et al., 2015).
Pneumococcal disease will not occur without preceding
nasopharyngeal colonization with the homologous strain.
Therefore, pneumococcal carriage is believed to be an
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important source of a horizontal spread of this pathogen
within the community (Bogaert et al., 2004). Increased
prevalence of S. pneumoniae in the nasopharynx of healthy
paediatrics reflects a potential risk to the development of
more frequent respiratory infections in the community
(Saha et al., 2003; Volonakis et al., 2006). S. pneumoniae
was given the name of the forgotten killer in children by
the WHO (Wardlow, 2006). As stated by the WHO in
2007 at least 1.2 million children die of pneumococcal
infections each year, with 70% of them being from Africa
and southeast Asia; mostly from developing countries
(Williams, 2002). It accounts for more than one third of
acute bacterial sinusitis and more than one half of
community-acquired bacterial pneumonia (File, 2006).
Resistance of S. pneumoniae to antimicrobials makes the
treatment more difficult. On the other hand, the emergence
of penicillin- and cephalosporin-resistant strains has
created an urgent need for pneumococcal vaccines that are
effective in treating infants (Jacobs and Dagan, 2004;
Pallares et al., 2003). Pneumococcal vaccines containing
capsular polysaccharides of five (6B, 14, 19F, 18C, 23F)
and seven (4, 6B, 9V, 14, 19F, 18C, 23F) serotypes have
been proven safe and immunogenic in children (Wardlow,
2006).
Pneumococcal infections are particularly common in
younger children and in older adults. They can be divided
broadly into invasive and non-invasive diseases (Ludwig,
2013; Ludwig et al., 2012). Pneumonia is one of the most
common clinical presentations of pneumococcal
infections, and may itself be invasive or non-invasive
(Amodio et al., 2014; Said et al., 2013).
Although there are differences in the prevalence and
rank order of the serotypes obtained from NP specimens
and from those with invasive diseases, the pneumococcal
nasopharyngeal isolates may reflect the strains circulating
in the community. They can be used as a marker to predict
the serotype prevalence of invasive diseases and resistance
patterns. Monitoring serotype distribution is essential for
the appropriate application of the vaccines. Vaccine use in
infants has proved highly efficacious in the prevention of
the Invasive Pneumococcal Disease as well as in
decreasing the carriage of vaccine serotypes in the
nasopharynx of infants, which significantly affects, in the
long run, the occurrence of otitis media and helps decrease
infection rates among contacts of the vaccinated infants.
Information concerning the pneumococcal strains found in
Jordanian children and the NP carriage in infants is
limited, and does not include children living in rural areas.
A population-based study was undertaken to determine the
impact of the vaccination of healthy infants with the PCV7
in Ajlun, the first district in Jordan where vaccine (PCV7)
was used. The aims of this study were to determine the
frequency of S. pneumoniae NP carriage and serotypes
circulating among infants aged 2-18 months in the rural
areas of Ajlun, to identify the antimicrobial susceptibility
of these isolates, and to study the impact of the
pneumococcal conjugate vaccine on carriage and
resistance.
2. Material and Methods
2.1. Study Design
A 15-month population based surveillance study of
pneumococcal NP carriage and the antimicrobial resistance

of S. pneumoniae in healthy Jordanian infants was
conducted in Ajlun on babies born between March and
April of 2009. The first NP-swab was taken by a medical
doctor at the time of the first vaccination at 2-3 months of
age (phase one). The second NP-swab was taken at the
time of the second vaccination at ages 4-5 months (phase
two). The third vaccination was at age of 10-11 months
(phase three). The third NP-swab was taken three months
after the last vaccination, i.e. at age of 13-14 months.
Infants were included in the study after obtaining a signed
parental consent. Vaccination was free of charge and took
place at the 12 main Day Care Centers (DCCs) in the
governorate of Ajlun. PCV7 and PCV10 are pneumococcal
conjugate vaccines available for use only in the private
sector. PCV7 was the only administrated pneumococcal
vaccine for this study. Doses were donated by Wyeth
Pharmaceutical Company (now called Pfizer) to the
Ministry of Health in Jordon in 2008. All the 415 infants,
included in the study, received the three vaccine doses.
Special questionnaires and forms were completed for each
sample. Swabs were analysed at a reference laboratory of
the German Jordanian University and at the National
Reference Center for Streptococci in Aachen, Germany.
The protocol was approved by the Ministry of Health
(MOH) and the ethical committee of the MOH, before the
study was undertaken.
2.2. Culture and Identification
The NP samples were inoculated on Columbia Agar
plates with 5% sheep blood. The plates were incubated
overnight at 35°C in 5% CO 2 . Identification was
performed by conventional microbiological methods;
colony
morphology,
susceptibility
to
optochin
(bioMérieux), and bile solubility.
2.3. Susceptibility Testing
Minimal inhibitory concentration (MIC) testing was
performed using the micro broth dilution method as
recommended by the Clinical Laboratory Standards
Institute (CLSI) (CLSI, 2017). Antimicrobial agents used
were penicillin G, amoxicillin, cefotaxime, cefuroxime,
cefpodoxime, clarithromycin, clindamycin, tetracycline,
levofloxacin, moxifloxacin, telithromycin, trimethoprim/
sulfamethoxazole, chloramphenicol, and vancomycin. S.
pneumoniae ATCC 49619 was used as a control strain.
Multidrug resistance phenotype was recorded when an
isolate had resistance to three or more classes of
antimicrobial agents.
2.4. Analysis of Resistance Determinants (genotyping and
phenotyping)
PCR of macrolide resistance determinants was
performed as described previously by (Reinert et al., 2004;
Reinert et al., 2005; Reinert et al., 2003). For the classical
detection of erm(B) and mef (A) the following primers
were
used:
erm(B)
5´-CGAGTGAAAA
AGTACTCAACC-3´ (362-382) and 5´-GGCGTGTTT
CATTGCTTGATG-3´ (978-958), mef (A) 5´-AGTAT
CATTAATCACTAGTGC-3´ (57-77) and 5´-TAATAG
ATGCAATCACAGC-3` (550-532). Results were
confirmed by a Light Cycler protocol with the following
primers: erm(B) 5´-TTTTGAAAGCCATGCGTCTGA-3´,
and 5´-ATCTGTGGTATG GCGGGTAAGTT-3´, and
mef(A) 5´-TATGGGCAGGGCAAGCAGTATC-3´ and
5´-TCRGCACCAATCATTATCTTCTTC-3´ (Farrell et
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al., 2001). The macrolide resistance phenotype was
determined on the basis of the pattern of susceptibility to
(macrolide-lincosamide-streptogramin
B)
MLS B
(Montanari et al., 2001).
2.5. Serotyping
Capsular typing of the pneumococcal isolates was
performed by the Neufeld’s Quellung reaction using type
and factor sera provided by the Statens Serum Institute,
Copenhagen, Denmark.
2.6. Primary and Secondary Endpoints
Endpoints included the frequency of NP carriage,
serotype distribution, and antimicrobial resistance patterns
of the strains in infants younger than two years old in rural
areas. They were attending DCCs for normal check-ups
and for vaccination through the National Immunization
Program. Assessment of the reduction in vaccine-type
pneumococcal carriage as a result of vaccination was
determined in order to model a routine schedule of
vaccination with PCV7.
3. Results
Of the 415 infants included in the study, the overall
carriage rate at the end of the study was 58.1% (i.e., 241
infants were carriers at any phase of the study). 171 male
infants had a carriage rate of 55.3%, and 244 females had a
carriage rate of 62.0%. A total of twelve DCCs were
included in the study, each having 5-110 infant
participants (Table 1). At phase one, 26.3% of the infants
were tested positive, at phase two, 29.6% were found
positive, and at phase three 29.4% of the cases were
pneumococci positive. Among the 12 centers, the highest
carriage rate (70%) was recorded in Halawa at phase one,
which was reduced at phase two to 50%, and then to 40%
at phase three. Rajeb center had the highest rate of carriage
(80%) at phase three. The resistance ranges in the three
phases were: penicillin G (82%-82.5%); cefotaxime
(4.9%-7.3%); clarithromycin (40.4%-55.7%); clindamycin
(18.0%-36.3%);
tetracycline
(33.6%-46.8%);
and
trimethoprim-sulfamethoxazole
(56%-62.3%).
No
resistance was shown for vancomycin, levofloxacin,
moxifloxacin, and telithromycin (Table 2). The most
commonly detected serotypes in phase one were 6A
(14.7%), 19F (12.8%), 6B (6.4%), 15B (6.4%), 23F
(6.4%), 11A (5.5%) and 24F (5.5%); at phase two: 19F
(18.6%), 6A (12.9%), 19A (8.1%), 6B (8.1%), 11A (5.7%)
and 35B (4.8%), and at phase three: 11A (12.3%), 19A
(10.7%), 6A (9.0%), 19F (8.2%), 15B (6.6%), 15A (4.9%),
23A (4.9%) and 35B (4.9%) (Table 3). Serotypes 1, 5 and
18C were not recovered during the study. Vaccine
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coverage (PCV7, PCV10 and PCV13) for the three phases
was as follows: phase one (32.1%, 32.1%, 50.5%), phase
two (33.9%, 33.9%, 48.4%) and phase three (14.8%,
15.6%, 36.9%). The carriage rate was 26.3% at phase one,
29.6% at phase two, and 29.4% at phase three. However,
there was a reduction in the prevalence of PCV7 serotypes
from 32.1% at phase one to 14.8% at phase three, and for
PCV13 from 50.5% at phase one to 36.9% at phase three
(Table 2). An increase of the 19A from 2.8% in phase one
to 10.7% at phase 3 was noticed (Table 3). The
effectiveness of the vaccination was also observed in the
reduction of the isolate’s resistance to penicillin,
cefotaxime, clarithromycin, and clindamycin by 6%, 2.4%,
11.4%, and 17.7%, respectively (Table 2). Table 4 shows
the carriage rate at each phase with vaccine and nonvaccine serotypes, and whether carriers showed positive S.
pneumoniae more than one time during the study. On the
whole, twenty infants (5.1%) were positive for the three
NP swabs taken during the study period. For all DCCs, the
rate of non-vaccine serotypes isolated from infants at
phase one was 49.5% and 63.1% at phase three (Table 5).
Macrolide resistance for all study isolates was 49%, where
cMLS B phenotype was the most prevalent at 50.8%, and
ermB was most prevalent genotype at 50% (Table 6).
There were 75 infants carrying S. pneumoniae PCV7
serotypes at the end of the second vaccination from all the
twelve DCCs, while 76% of these infants showed no
PCV7 serotypes at the end of the study (Table 7). Among
these 75 infants, the number of carrier infants with
possible serotype shifts from 19F to 19A, and from 6B to
6A at the end of the study was seven (9.3%) (Table 7).
Multidrug resistance (MDR) rates among the
pneumococcal isolate were 39.5% at phase one, 48.4% at
phase two, and 46.7% at phase three (Table 8).
Table 1. Distribution of participants by center in Ajlun.
Day Care Center
Ajlun City
Alhashmia
Anjara
Arjan
Baaoon
Ebben
Ein Janna
Eshtafena
Halawa
Kafranjeh
Rajeb
Sakhra
Total

Number of recruited infants
35
08
97
22
09
35
22
11
10
110
05
51
415
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Table 2. Antimicrobial resistance and coverage of pneumococcal conjugate vaccines for the three phases.
Resistance rate % (intermediate and resistant)
Vaccine serotypes (%)
Phase
Pen
Ceta
Cla
Cli
Tet
Sxt
PCV7
PCV10
PCV13
I (n=109)
82.5
7.3
40.4
22.0
35.8
56.0
32.1
32.1
50.5
II (n=124)
87.9
4.8
55.7
36.3
46.8
58.1
33.9
33.9
55.7
III (n=122)
82.0
4.9
44.3
18.0
33.6
62.3
14.8
15.6
36.9
*Total
84.0
5.6
47.2
25.6
39.0
59.0
27.0
27.3
47.8
Abbreviations: Pen, penicillin G; Ceta, cefotaxime; Cla, clarithromycin; Cli, clindamycin; Tet, tetracycline; Sxt,
trimethoprim/sulfamethoxazole. Breakpoints (I, R) according to CLSI 2017: penicillin G; 0.1–1 µg/mL, ≥2 µg/mL; cefotaxime; (nonmeningitis): 2 µg/mL, ≥4 µg/mL; clarithromycin; 0.5 µg/mL, ≥1 µg/mL; clindamycin: 0.5 µg/mL, ≥1 µg/mL; trimethoprim/
sulfamethoxazole; 1/19-2/38 µg/mL, ≥4/76 µg/mL.
*Total = 356 isolates were isolated from all recruited infants (415). Each of the 415 infants in Ajlun governorate provided 3 nasopharyngeal
swabs during the study. Some infants were positive in one swab others were positive 2 or 3 times (Table 4).
Table 3. Number and rate (%) of serotypes detected at each phase.
Phase I
Serotype

Nr.

Phase II
%

Nr.

Phase III
%

Nr.

%

6A
19F

16
14

14.7
12.8

16
23

12.9
18.6

11
10

9.0
8.2

6B

7

6.4

10

8.1

3

2.5

15B

7

6.4

5

4.0

8

6.6

23F

7

6.4

4

3.2

1

0.8

11A

6

5.5

7

5.7

15

12.3

24F

6

5.5

2

1.6

1

0.8

14

4

3.7

4

3.2

4

3.3

15A

4

3.7

3

2.4

6

4.9

23A

4

3.7

4

3.2

6

4.9

16F

4

3.7

4

3.2

4

3.3

35B

4

3.7

6

4.8

6

4.9

NT

4

3.7

2

1.6

4

3.3

15C

3

2.8

2

1.6

2

1.6

17F

3

2.8

2

1.6

2

1.6

19A

3

2.8

10

8.1

13

10.7

10A

2

1.8

1

0.8

2

1.6

33F

2

1.8

4

3.2

3

2.5

9V

2

1.8

1

0.8

0

0

3

1

0.9

1

0.8

2

1.6

21

1

0.9

1

0.8

0

0

42

1

0.9

1

0.8

0

0

7C

1

0.9

1

0.8

0

0

9N

1

0.9

2

1.6

5

4.1

4

1

0.9

0

0

0

0

28A

1

0.9

0

0

0

0

16B

0

0

1

0.8

0

0

35C

0

0

1

0.8

0

0

35F

0

0

1

0.8

1

0.8

33A

0

0

2

1.6

1

0.8

13

0

0

1

0.8

3

2.5

34

0

0

1

0.8

2

1.6

10F

0

0

1

0.8

2

1.6

7B

0

0

0

0

2

1.6

18A

0

0

0

0

1

0.8

7F

0

0

0

0

1

0.8

31

0

0

0

0

1

0.8

Total

109

100%

124

100%

122

100%

Nr., number

Table 4. Carriage rate of S. pneumoniae with vaccine and nonvaccine serotypes.
Carriage Vaccine serotypes, n (%)
rate

Phase I (n=415)

Phase II (n=415)

Phase III (n=415)

1

Positive only in

n (%)

PCV7

PCV10 PCV13 n (%)

109

35

35

55

(26.3)

(32.1)

(32.1)

(50.4)

124

42

42

60

(29.9)

(33.9)

(33.9)

(55.7)

122

18

19

45

(29.4)

(14.8)

(15.6)

(36.9)

14

25 (51)

24 (49)

14

22

20 (47.6)

(33.3)

(52.4)

49 (11.8) 14
(28.6)

Phase I
2

Positive only in
Phase II

42 (10.1) 14

3
Positive only in
Phase III

56 (13.5) 8

4
Positive in
Phase I & II

48 (11.6) 16

5

35 (8.4)

Positive in

(33.3)

Positive in

34 (8.2)

Phase II & III
7

Positive in the

54 (49.6)

64 (51.6)

77 (63.1)

(28.6)

9 (16.1) 23

(14.3)

Phase I & III
6

Nonvaccine
serotypes

33 (58.9)

(41.1)
16

23

(33.3)

(33.3)

(47.9)

13

13

22

(37.1)

(37.1)

(62.9)

13

13

26

(38.2)

(38.2)

(76.4)

25 (52)

13 (37.1)

13 (38.2)

20 (5.1)

10 (50) 10 (50)

17 (85)

3 (15)

241

77 (32) 78

133

108 (26)

3 Phases
8

Total Carriers

(58.1)

(32.4)

(32)

positive only in phase I, negative in phase II and III; 2positive
only in phase II, negative in phase I and III; 3positive only in
phase III, negative in phase I and II; 4positive in phase I and II,
negative in phase III; 5positive in phase I and III, negative in
phase II; 6positive in phase II and III, negative in phase I;
7
positive in the 3 phases, cases carried S. pneumoniae in each
phase; 8at least carried S. pneumoniae once during the whole
study period
1

© 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 2

159

Table 5. Vaccine and non-vaccine serotypes in each phase for centers of the Ajlun governorate.
Vaccine serotypes coverage at phase II

Vaccine serotypes coverage at phase III

10v
PCV

13v
PCV

Non-vaccine
serotypes

7v
PCV

10v
PCV

13v
PCV

Non-vaccine
serotypes

7v
PCV

10v
PCV

13v
PCV

Non-vaccine
serotypes

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

(n; %)

All centers

35;32.1 35;32.1 54;50.5

54;49.5

42;33.9 42;33.9 60 48.4

64; 51.6

Ajlun center

2;33.3

2;33.3

4;66.7

2;33.3

3; 42.9 3; 42.9 4; 57.1

3; 42.9

0; 0

Alhashmia

1;33.3

1;33.3

2;66.7

1;33.3

1; 33.3 1; 33.3 2; 66.7

1; 33.3

1;33.3

1; 33.3 2; 66.7

1; 33.3

Anjara

8;30.8

8;30.8

8;30.8

18;69.2

11;29.7 11;29.7 18;48.6

19; 51.4

4;17.4

4;17.4

7; 30.4

16; 69.6

Arjan

Centers

Vaccine serotypes coverage at phase I
7v PCV
(n; %)

18;14.8 19;15.6 45;36.9
0; 0

2; 25

77; 63.1
6; 75

3;37.5

3;37.5

5;30.8

3;37.5

3;60

3; 60

5; 100

0; 0

2; 40

2; 40

3; 60

2; 40

Baaoon

1;25

1;25

2;50

2;50

2;66.7

2; 66.7

3; 100

0; 0

1; 25

1; 25

1; 25

3; 75

Ebben

3;30

3;30

5;50

5;50

2;20

2; 20

4; 40

Ein Janna

4;50

4;50

6;75

2;25

3;42.9

Eshtafena

0;0

0;0

0;0

2;100

1;20

1; 20

Halawa

0;0

0;0

2;28.6

5;72.4

1;20

1; 20

Kafranjeh

10;37

10;37

17;63

10;37

9;34.6

9; 34.6

Rajeb

1;100

1;100

1;100

0;0

0;0

0; 0

Sakhra

2;28.6

2;28.6

2;28.6

5;72.4

6; 60

2;13.3

2; 13.3

6; 40

9; 60

2; 28.6

1; 10

1; 10

3; 30

7; 70

2; 40

3; 60

1; 50

1; 50

1; 50

1; 50

3; 60

2; 20

0; 0

0; 0

2; 50

2; 50

13; 50

13; 50

3;11.5

1; 50

1; 50

2; 50

2; 50

2; 50

2; 50

5; 35.7

1; 5.6

1; 5.6

5;27.8

13; 72.2

3; 42.9 5; 71.4

6; 42.9 6; 42.9 9; 64.3

Table 6. Macrolide resistant phenotypes and genotypes for all
cumulative study isolates.
Macrolide Resistance phenotypes and
genotypes

n (%)

M-phenotype

4; 15.4 9; 34.6

Table 8. Multidrug resistant (*MDR) isolates detected in carriers
at the 3 phases of the study.
Phase

Number (%)

Phase I (n=109)

43 (39.5%)

57 (48.3)

Phase II (n= 124)

60 (48.4%)

cMLS B phenotype

60 (50.8)

Phase III (n= 122)

57 (46.7%)

iMLS B phenotype

1 (0.9)

erm(B) genotype

59 (50.0)

mef(A) genotypes

53 (44.9)

erm(B) & mef(A) genotypes

2 (1.7)

Others

4 (3.4)

Table 7. Impact of vaccination with PCV7 on carriers with
vaccine serotypes and the possible serotype shifts 3 months after
last vaccination.

Center

Number
of carriers
having
PCV7
serotypes

Number and rate of
carriers no longer
harboring PCV7
serotypes after last
vaccination

Number of
carriers with
shifts from
19F to 19A
and from 6B
to 6A

Ajlun

4

4 (100%)

0

Alhashmia

3

2 (66%)

2

Anjara

21

17 (81%)

2

Arjan

5

3 (60%)

0

Baaoon

3

2 (66.7%)

0

Ebben

6

4 (66.7%)

1

Ein Janna

5

4 (80%)

1

Eshtafena

2

1 (50%)

0

Halawa

1

1 (100%)

0

Kafranjeh

17

14 (82.4%)

0

Rajeb

3

1 (33.3%)

0

Sakhra

5

4 (80%)

1

Total

75

57 (76%)

7

17; 65.4

*MDR= isolates resistant to 3 or more classes of antimicrobial
agents

4. Discussion
Nasopharynx is the usual source of pneumococci for
studying the carriage rate (Malfroot et al., 2004). To our
knowledge, this is the first study in Jordan to investigate
the impact of vaccination with PCV7 on pneumococcal
carriage and resistance among infants in Jordan. Two
previous studies described pneumococcal carriage in
Jordan; the first showed a carriage rate of 55.1% from
Wadi Al Seer (Amman, Jordan), with a PCV7 and PCV13
coverage rates of 52.3% and 58.5%, respectively (AlLahham and Van der Linden, 2014). The second study
showed a carriage rate of 33.8% from children below five
years of age attending the pediatric clinic of a major
hospital in northern Jordan (Swedan et al., 2016). This
study demonstrated that the total carriage rate of S.
pneumoniae among infants in the governorate of Ajlun
was 58.1%. Lee et al., (2001) investigated carriage rate of
pneumococci in 4963 Asian children aged below five years
from eleven countries (Lee et al., 2001). The results of the
study showed the following rates: Philippines (32.6%),
China (37.5%), India (43.2%), Thailand (40.6%), Taiwan
(15.3%), and Saudi Arabia (9.0%). Similar carriage rates
were obtained from Brazil (55%) (Marchese and Schito,
2007), Guatemala (59.1%) (Marchisio et al., 2002), and in
Kampala Uganda (62%) (Mera, 2005). The observed high
rate of pneumococcal colonization in Ajlun can be
attributed to history of the sicknesses, low age, viral
infections, history of the consumption of antimicrobials
before DCC attendance, and low income. The differences
in carriage rates worldwide were related to certain socio-
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economic conditions, including housing, access to health
care, poor hygiene, family size, overcrowded living
conditions, day-care contact, and the number of siblings
(García-Rodríguez, 2002). Previous studies reported that
attendance of day care is the main factor causing the
increase in the S. pneumoniae carriage rate (Huang and
Fang, 2004). The continuous surveillance of the
antimicrobial susceptibility patterns of S. pneumoniae has
become increasingly important, because of the rapid
emergence of drug-resistant strains worldwide (Goyal et
al., 2007). Consumption of antimicrobials prior to DCC
visits could have contributed to the selection of resistant
strains (Montanari et al., 2003). Antimicrobial
susceptibility testing of the S. pneumoniae isolates
revealed alarming rates of resistance to penicillin,
erythromycin, and occurrence of multidrug-resistant
(MDR) isolates. Rates of resistant S. pneumoniae isolates
in Ajlun were higher than those for clinical isolates from
Singapore, Sri Lanka, and Taiwan (Lee et al., 2001). The
high rates of resistance to different classes of antimicrobial
agents in S. pneumoniae in this study are presumably a
consequence of the unregulated consumption and misuse
of antimicrobials by the Jordanian population (Al-Bakri,
2005). Otoom et al., (2002) reported that antimicrobial
agent prescriptions in Jordan at different health centers
ranged between 46.7% to 83.3%; these rates are very high
compared to rates in many other parts of the world
(Otoom, 2002). Local information on capsular types of S.
pneumoniae causing diseases in young children is highly
important to guide the production of effective conjugate
vaccines. Our results showed that 241 out of 245 infants
were carriers over the whole year, The most prevalent
serotypes among the carriers were 6A and 19F at 12.0%
each. Similar serotypes have been reported in children of
Kuwait, where 19F accounted for 9.8% of total serotypes
(Ahmed et al., 2000). A study by Marchisio et al. (2002)
in Italy, found an S. pneumoniae carriage rate of 8.6% with
the following serotypes (3, 19F, 23F, 19A, 6B, and 14),
and that most of pneumococcal isolates (69.4%) were
resistant to one or more antimicrobial classes (Marchisio et
al., 2002). Children at day-care centers in Belgium, aged
3-36 months, had a 21% S. pneumoniae carriage rate with
the main serotypes being 19F (27.3%), 6B (20.2%), 23F
(19.2%), 19A (10.1%), 6A (7.1%), and 14 (5.1%)
(Malfroot et al., 2004). Prevenar, the 7-valent
pneumococcal conjugate vaccine (PCV7) and the new 13valent pneumococcal conjugate vaccine (PCV13) are used
routinely in the National Immunization Program of at least
seventy countries worldwide. The results of this study
show that 241 out of 415 infants were carriers during at
least one of the study phases, with a coverage of PCV7
serotypes of 27.8%, and a coverage of PCV13 serotypes of
49.8%. Around the world, the highest coverage for PCV7
has been reported in the USA, Canada, and Australia (80–
90%), followed by Europe and Africa (70–75%), whereas
in Latin America and Asia the coverage rates were 65%
and 50%, respectively (Hausdorff et al., 2005). A
retrospective review study in the USA was conducted by
Walls et al. (2015) using the pediatric reports of 31,738
kids aged between 1-4 years and collected from the
National Inpatient Database with complications of
meningitis, mastoiditis, periorbital cellulitis, and Bezold
abscesses due to S. pneumoniae diagnoses. A significant
decrease in the incidence of several complications was

noticed after the introduction of the PCV7 vaccine, and
also when comparing these findings to the predicted
incidence calculations if the vaccine was not administered.
These findings showed a significant increase in the cost to
provide care for each of the described conditions (P <
0.05), and resulted in a measurable reduction in the head
and neck complications associated with S. pneumoniae
(Walls et al., 2015).
A 15-year retrospective study was conducted for the
years 2000 to 2014 by Soto-Noguerón, et al. (2015) on
Mexican infants aged ≤60 days and having invasive and
non-invasive pneumococcal infections. It showed that
40.5% of the Mexican infants had pneumonia followed by
meningitis (29.4%), septicemia (16.7%), and other clinical
presentations, including otitis media and conjunctivitis
(13.5%). The study also showed that serotypes 15A/B had
increased after the introduction of PCV7, and that serotype
19A was isolated most frequently with pneumonia and
meningitis cases only after the introduction of PCV7, and
that it displayed a high resistance to penicillin (SotoNoguerón et al., 2015). In the current study, PCV was
introduced in the private sector but not in the National
Immunization Programme of Jordan. Furthermore, most of
the families that vaccinated their children voluntarily were
found to be of good income, and are more likely to be
residing in Amman, the capital of Jordan. Vaccination with
PCV7 in this study was effective in eradicating 76% of
vaccine serotypes three months after the last vaccination.
Finally, the researchers are aware that the carriage patterns
may vary between communities and that it is possible that
the serotype distribution and resistance patterns described
here may not be representative of all the infant population
of Jordan. An obstacle to the eradication of pneumococcal
diseases in children is the inability to include more
antigens in the conjugated formulations from the 92
serotypes of S. pneumoniae. Knowledge about the regional
distribution of the pneumococcal capsular types,
antimicrobial susceptibility, continuous prevalence studies,
and incidence rates of both pneumococcal meningitis and
bacteremia in children, is very essential for the future
development of effective vaccine strategies and treatment
protocols.
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Abstract
Syzygium cumini leaves are used locally especially in Nigeria for the treatment\ management of diabetes mellitus and
Alzheimer’s disease. This study was designed to investigate the effects of polyphenols extracted from Syzygium cumini
leaves on the occurrence of oxidative stress in the brain of rats with diabetes, which can trigger Alzheimer’s disease by
determining both in vitro and in vivo cholinesterase, the antioxidant defense system, and the extent of oxidative damage. The
effect of polyphenols extracted from Syzygium cumini leaves was investigated on in vitro cholinesterase. Thereafter, the
extract (400 mg/kg body weight) of both free and bound polyphenols was administered orally to alloxan-induced rats, and
the effect were monitored on in vivo cholinesterase, superoxide dismutase, catalase, glutathione peroxidase, reduced
glutathione, lipid peroxidation and hydroperoxides. The extract demonstrated inhibitory effects against in vitro
cholinesterase. A significant reduction in the cholinesterase activities increased the activities of superoxide dismutase,
catalase, glutathione peroxidase, and reduced glutathione. A reduction in lipid peroxidation and hydroperoxide
concentrations was observed in the brain of diabetic rats treated with polyphenols extracted from Syzygium cumini leaves.
This study suggests that the polyphenols of Syzygium cumini leaves have anti-Alzheimer and antioxidant boosters, as well as
antiperoxidative activities. Therefore, the plant is recommended for both diabetic and Alzheimer’s disease patients
worldwide.
Keywords: Syzygium cumini, Diabetic mellitus, Antioxidant enzymes, Alzheimer’s disease

1. Introduction
Functional foods are characterized by bioactive
constituents, including the polyphenolic compounds,
which form a defensive mechanism against oxidative
insults (Khan, 2012). These polyphenolic compounds are
antioxidant, anti-diabetic, anti-cancer, anti-microbial, and
anti-inflammatory. Also, polyphenols are an integral part
of the human diet, and are available in functional foods
that are utilized in alternative medicine (Kazeem et al.,
2013). One among the key complications of diabetes
mellitus is the neurological disturbance in the central
nervous system. Pari and Latha (2004) reported that
cognitive deficits and the morphological and neurochemical
alterations
demonstrate
neurological
complications in patients with diabetes mellitus.
Persistent hyperglycaemia as well as the high levels of
reactive oxygen species (ROS) could trigger central
nervous system disorders, particularly Alzheimer’s
disease. Alzheimer’s disease patients are characterized by
an elevated activity of acetylcholinesterase (AChE) (EC
3.1.1.7) primarily in the brain, which is responsible for the
breakdown of acetylcholine (ACh). According to Chang et
*

al. (2014), ACh is a neurotransmitter that plays a
significant role in the correct functioning of the central
cholinergic system. Also, butrylcholinesterase (BChE) (EC
3.1.1.8) is responsible for the breakdown of certain drugs,
toxins (before reaching the nerves), including the choline
esters used in anaesthesia. BChE is found in a higher level
in the Alzheimer’s disease plaques than in the plaques of
age-related non-demented brains (Schneider, 2001).
Currently, more than 30 million individuals suffer from
this disease, and it has been projected that by 2050 more
than 115 million people will have dementia, if necessary
actions were not taken (Querfurth and LaFerla, 2010).
Moreover, the neuronal network, particularly of the
brain, is more liable to oxidative damage because of the
elevated levels of polyunsaturated lipids in neuronal cell
membranes. The high oxygen consumption, the high
metabolic rate of transitional metals, and the poor
antioxidative defense contribute to the prevalence of
Alzheimer’s disease (Lane et al., 2006). Therefore,
antioxidant defenses of the brain are unpretentious. Uddin
et al. (2016) define antioxidants as exogenous or
endogenous substances that prevent oxidation, and act
against the oxidative stress associated with deleterious
effects on the cellular system. They are also coupled with
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free radical scavenging preventing free radical chainreactions and improving the antioxidant status in
Alzheimer’s disease patients (Uttara et al., 2009). The
antioxidant defense enzymes in the brain, including
catalase (EC 1.11.1.6), superoxide dismutase (EC
1.15.1.1), and glutathione peroxidase (GSH-Px) (EC
1.11.1.9) among others, play an important role to prevent
the progression of free radical mediated oxidative stress,
(Sharma et al., 2013).
Recently, the use of functional foods is increasing
worldwide probably because of their no or less side effects
in comparison with modern available drugs. Several plants
have been documented in this regard. One example is
Syzygium cumini (L.) Skeels (popularly called jamun in
India, and black plum in Europe etc.) [Fam.: Myrtaceae;
Syn.: Syzygium jambolanum (Lam.) DC, Eugenia
jambolana Lam., Eugenia cumini (L.) Druce] which has
been used for years by the Indian Ayurvedic medicine
practitioners for various therapeutic reasons (Sanches et
al., 2016). Therefore, this study was conducted to evaluate
the role of the polyphenolic-rich extract of Syzygium
cumini leaves on cholinesterase and the antioxidant
efficacies on the brains of rats with alloxan-induced
diabetes.

six times. The ethylacetate extracts were evaporated to
dryness at 45 0 C using a rotary evaporation as described
by Chu et al. (2002).

2. Materials and Methods

2.6. Animal Grouping

2.1. Drugs and Chemicals
All the drugs and chemicals used in this study were
obtained from Sigma Chemical Company Inc., St. Louis,
Mo, USA. Also, all reagents used were of analytical
grades.
2.2. Plant Material
Fresh leaves of Syzygium cumini were collected from
the vicinity of the Zamani College in Kaduna, Nigeria in
September, 2016. The plant was identified and
authenticated at the Department of Botany of Ahmadu
Bello University in Zaria. The leaves were washed under
tap water, and were rinsed with distilled water. The leaves
were then air-dried for seven days using paper towels.
Thereafter, they were ground into powder by a blender,
and were stored at 10 0C to be used later in the analysis.
2.3. The Extraction of Phenolics
2.3.1. The Extraction of Free Phenolics
One hundred grams of powdered Syzygium cumini
leaves were extracted with 80 % acetone (1:5 w/v), and
were filtered using Whatman (Number 4) filter paper. The
filtrate was then evaporated by a rotary evaporator under
vacuum at 45 0C until almost 90 % of the filtrate had been
evaporated and lyophilized to obtain a dry extract. The
extract was then kept at -4 0C for subsequent analyses
while the residue was kept for the extraction of bound
phenolics (Chu et al., 2002).
2.3.2. The Extraction of Bound Phenolics
The residue obtained from the extraction of free
phenolics was flushed with nitrogen and hydrolyzed with
20 mL of 4 M NaOH solution at room temperature (24 ±1
0
C) for a one-hour shaking. After that, the pH of the
mixture was adjusted to two using concentrated HCl. Then
the bound phytochemicals were extracted with ethylacetate

2.4. Animals
Male Wistar albino rats (seven weeks old), weighing
between 150 to 170 gram were obtained from the Central
Animal House of Afe Babalola University in Ado-Ekiti,
Ekiti State in Nigeria. The animal experiments were
approved by the ABUAD Animal Ethical Committee. The
animals were acclimatized for fourteen days. They were
fed with normal rat pellet chow and were kept under
constant light and dark cycles for twelve hours, with an
environmental temperature of 21 to 23 0C.
2.5. Induction of Diabetes
Diabetes was induced in the albino rats by a single
intraperitoneal injection of freshly-prepared alloxan of 150
mg/kg body weight in normal saline. Forty-eight hours
(two days) following the alloxan induction, blood samples
were obtained from the tips of the rats’ tails and the fasting
blood glucose levels were determined using the OneTouch
Ultra glucometer (LifeScan, USA) to confirm diabetes.
The diabetic rats exhibiting blood glucose levels greater
than or equal to 200 mg/mL were used in this study
(Akanksha et al., 2010; Ajiboye and Ojo, 2014).
Only male rats were used in this study to avoid
differences in the hormonal actions and to have a proper
comparison within the same-sex group. Also, using both
sexes in one group may lead to the impregnation of the
female rats by male rats, which might affect the
experimental outcome. Accordingly, a total of thirty male
Wistar albino rats were randomly divided into five groups
with six rats in each and were treated as follows:
Group 1: normal rats administered with distilled water;
Group 2: alloxan-induced diabetic rats (without treatment);
Groups 3 and 4: alloxan-induced diabetic rats
administered with 400 mg/kg of the free and bound
polyphenolic extract of Syzygium cumini leaves
respectively.
Group 5: alloxan-induced diabetic rats administered with
5 mg/kg of metformin.
The extract was suspended in distilled water, and was
orally administered to rats daily for fourteen days by an
orogastric tube. In addition, 400 mg/kg of both free and
bound phenolics was used based on the oral glucose
tolerance test (OGTT) previously determined by the
authors.
2.7. The Preparation of Tissue Homogenates
The experiment lasted for fourteen days, after which
the rats were sacrificed by cervical dislocation. Their
brains were immediately removed, and rinsed in ice-cold
1.15% KCl, then blotted and weighed. The brains were
then minced with scissors in three volumes of ice-cold 100
mM potassium phosphate buffer, pH 7.4, and were
homogenized in a teflon glass homogenizer. The
homogenates were centrifuged for ten minutes at 12,000 ×
g to yield a pellet that was discarded. A low speed
supernatant (S1) was used to assess the activities of
different enzyme studied assays (Belle et al. 2004).
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2.8. In vitro Determination of Acetylcholinesterase and
Butyrylcholinesterase Inhibitory Activities

2.12. Determination of Reduced Glutathione
Concentration

These were determined by a modified colorimetric
method of Ellman et al. (1961). The AChE activity was
determined in a reaction mixture containing 200 µL of a
solution of AChE (0.415 U/mL in 0.1 M phosphate buffer,
pH 8.0), 100 µL of a solution of 5, 5’-dithiobis (2nitrobenzoic acid) (3.3 mM DTNB in 0.1 M phosphate
buffered solution of pH 7.0, containing 6 mM NaHCO 3 ),
the plant extract and 500 µL of phosphate buffer (pH 8.0).
After incubation for twenty minutes at 25 0C, 100 µL of
0.05 mM acetylthiocholine iodide solution was added as
the substrate, and AChE activity was determined as
changes in the absorbance reading at 412 nm for three
minutes at 25 0C using a spectrophotometer. Also, 100 µL
of butyrylthiocholine iodide was used as a substrate to
assay butyrylcholinesterase activity, while all the other
reagents and conditions being the same. The AChE and
BChE inhibitory activities were expressed as percentage
inhibition.

The reduced glutathione (GSH) level was determined
using Ellman’s reagent, 5,5'-dithio-bis-2-nitrobenzoic acid
(DTNB) as described by Jollow et al. (1974). This method
is based on the development of a relatively-stable yellow
complex formed as a result of the reaction between
Ellman’s reagent and free sulphydryl groups. The
chromophoric product, 2–nitro–5– thiobenzoic acid,
resulting from the reaction of Ellman’s reagent with GSH.
The absorbance of the complex formed was read at 412
nm, which is proportional to the level of GSH in the brain
homogenate sample. Thereafter, the activity of GSH was
determined.

2.9. Determination of in vivo Acetylcholinesterase and
Butyrylcholinesterase Inhibitory Activities
The method of Ingkaninan et al. (2003) was employed
in this determination. Briefly, 140 µL of sodium phosphate
(0.1 M, pH 6.8) was pipette into a test tube, and 20 µL of
the brain homogenate and 20 µL of acetylcholinesterase or
butyrylcholinesterase (0.09 unit/mL) were added as the
case may be. The mixture was incubated for fifteen
minutes at room temperature. Thereafter, 10 µL of 10 mM
DTNB and 10 µL of acetylthiocholine chloride (14 mM)
or s-butyrylthiocholine chloride (substrate) as the case may
be were added. Finally, the mixture was allowed to stand
for fifteen minutes, and the absorbance was read at 417 nm
using a microplate reader.
2.10. Determination of Catalase (CAT) Activity
The catalase activity of the brain homogenates was
determined according to the method described by Sinha
(1972). One millimeter of the supernatant fraction of the
brain homogenate was mixed with 19 mL distilled water to
give a 1:20 dilution. The assay mixture contained 4 mL of
hydrogen peroxide solution (800 mmol) and 5 mL of
phosphate buffer at pH 7.0 in a 10-mL flat bottom flask.
Thereafter, 1 ml of the properly diluted sample was rapidly
mixed with the reaction mixture by a gentle swirling
motion at room temperature. Then 1 mL portion of the
reaction mixture was withdrawn and blown into 2 mL
dichromate/acetic acid reagent at 60-second intervals. The
hydrogen peroxide contents of the withdrawn sample were
determined by reading the absorbance at 570 nm.
2.11. Determination of the Superoxide Dismutase (SOD)
Activity
The SOD activity was determined according to the
method described by Misra and Fridovich (1972). An
aliquot of the brain homogenate was added to 2.5 mL of
0.05 M carbonate buffer (pH 10.2) to equilibrate in the
spectrophotometer. The reactions were initiated by the
addition of 0.3 mL freshly prepared 0.3 mM adrenaline to
the mixture which was quickly mixed by inversion. The
reference cuvette contained 2.5 mL buffer, 0.3 mL of
adrenaline, and 0.2 mL of water. The increase in
absorbance at 480 nm was monitored every thirty seconds.

2.13. Glutathione Peroxidase (GPx) Assay
This assay was carried out using the Rotruck et al.
(1973) method. The reaction mixture containing 500 mL
phosphate buffer, 100 mL sodium azide, 200 mL of GSH,
and 100 mL of H 2 O 2 was added to 500 mL of the brain
homogenate, after which 600 mL of the sample (brain
homogenate) was added and thoroughly mixed. The whole
reaction mixture was incubated at 37 0C for three minutes,
after which 0.5 mL TCA (trichloroacetic acid) was added
and thereafter centrifuged at 3000 g for 5 minutes.
Subsequently, to 1 mL of each of the supernatants, 2 mL
of K 2 HPO 4 and 1 mL DTNB (Ellman's Reagent) was
added and the absorbance was read at 412 nm against a
blank.
2.14. Determination of Lipid Peroxidation
Lipid peroxidation was determined according to the
method described by Adam-Vizi and Seregi (1982). An
aliquot of 0.4 mL of the brain homogenate was mixed with
1.6 mL of Tris-KCl buffer to which 0.5 mL of 30% TCA
was added. Then 0.5 mL of 0.75% TBA was added and
placed in a water bath for fort-five minutes at 80 0C. This
was then cooled in ice, and centrifuged at 3000 g for five
minutes. The clear supernatant was collected, and the
absorbance was measured against a reference blank of
distilled water at 532 nm. The malondialdehyde level was
then calculated.
2.15. Determination of Hydroperoxides
The method described by Jiang et al. (1992) was used
for this determination. Briefly, 0.1 mL of brain
homogenate was added to 0.9 mL of Fox reagent
(contained 88 mg of butylated hydroxytoluene, 7.6 mg of
xylenol orange and 9.8 mg of ammonium ion sulphate
were added to 90 mL of methanol and 10 mL of 250 mM
sulphuric acid). This was then incubated at 37 0C for thirty
minutes. The color developed was read at 560 nm
calorimetrically. The hydroperoxides were expressed as
mM/100 g tissue.
2.16. Data Analysis
Data were expressed as the mean of six replicates ±
standard error of mean. The statistical evaluation of data
was performed by SPSS (version 20). Using the one-way
analysis of variance, followed by Dunett’s post hoc test for
multiple comparisons, values were considered statisticallysignificant at p < 0.05 (Zar, 1984).
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3. Results
Figure 1 and 2 show the effects of the free and bound
polyphenolic extract of Syzygium cumini leaves on the
acetlycholinesterase and butyrylcholinesterase inhibitory
activities respectively. The extracts demonstrated a
significant increase (p < 0.05) in dose dependent manner in
the inhibitory activities of acetlycholinesterase and
butyrylcholinesterase. However, the bound polyphenolic
extract of the Syzygium cumini leaves showed more
inhibitory activities in dose dependent manner than the
free polyphenolic extract on both cholinesterases.

The activities of catalase (CAT), superoxide dismutase
(SOD), reduced glutathione (GSH) and glutathione
peroxidase (GPx) were significantly decreased (p < 0.05)
in the diabetic control rats when compared with the normal
rats (Table 1). Also, the treatment of diabetic rats with the
free and bound polyphenolic extract of the Syzygium
cumini leaves significantly increased (p<0.05) the
activities of all the antioxidant enzymes studied and
compared favorably with the normal control.
Table 1. Effect of administration of polyphenols from Syzygium
cumini leaves on antioxidant enzymes activities (U/mg protein) in
the brain of normal and alloxan-induced diabetic rats.
Group

Catalase
(CAT)

Superoxide Glutathione Reduced
dismutase Peroxidase glutathione
(SOD)
(GPx)
(GSH)

Normal
Control

86.23±3.56a

43.56 ±4.80a

64.78 ± 8.34a 30.21 ±5.56a

Diabetic
control

15.23 ± 2.12c 9.69 ± 2.12c

12.89 ± 3.65c 11.67 ±6.80c

Diabetic +
free
84.89 ± 7.34a 40.58 ±5.48a 63.84 ± 5.29a 28.76 ±9.24a
polyphenols
Figure 1. Eﬀect of polyphenolic extract of Syzygium cumini
leaves on acetylcholinesterase (AChE) activity in vitro. Each
value is a mean three replicates ± standard error of mean.

Diabetic +
bound
85.65 ± 4.38a 42.39 ± 6.28a 63.97 ± 6.87a 29.56 ±7.00a
polyphenols
Diabetic +
metformin

75.29 ± 2.14b

35.38 ±3.45b

57.86 ± 4.80b 25.56 ±3.11b

Values are mean ± SEM of six rats. Values down the vertical
column carrying different superscripts for each parameters are
significantly different at p<0.05.

Figure 2. Eﬀect of polyphenolic extract of Syzygium cumini
leaves on butyrylcholinesterase (BChE) activity in vitro. Each
value is a mean three replicates ± standard error of mean.

The brain of diabetic control rats demonstrated a
significant (p < 0.05) increase in cholinesterases inhibitory
activities when compared with normal control (Figure 3).
But by the end of the fourteen-day treatment with the
polyphenolic extract of the Syzygium cumini leaves, the
activities of these enzymes were significantly reduced (p <
0.05), and compared favorably with normal control rats in
the metformin-treated groups.

There was a significant increase (p < 0.05) in the brain
lipid peroxidation and hydroperoxides of the diabetic
control rats in comparison to the normal control and
metformin- treated diabetic rats (Table 2). The fourteenday administration of the polyphenolic extract of the
Syzygium cumini leaves on diabetic rats significantly
decreased (p < 0.05) the level of lipid peroxidation and
hydroperoxides in the brains of rats, compared favorably
with normal control rats.
Table 2. Effect of administration of polyphenols from Syzygium
cumini leaves on lipid peroxidation (MDA) and hydroperoxides
concentrations in the brain of normal and alloxan-induced diabetic
rats.
Group

MDA (X 109 Hydroperoxides
mmol/mL)
(mM/100g tissue)

Normal control

1.34 ± 0.14a

100.21 ± 4.28a

Diabetic control

6.42 ± 0.34c

150.45 ± 6.90c

a

1.36 ± 0.34

100.34 ± 5.23a

Diabetic + bound polyphenols 1.35 ± 0.45a

102.58 ± 7.32a

b

110.12 ± 4.21b

Diabetic + free polyphenols

Diabetic + metformin

2.13 ± 0.67

Values are mean ± SEM of six rats. Values down the vertical
column carrying different superscripts for each parameters are
significantly different at p<0.05

4. Discussion
Figure 3. Effect of administration of polyphenols from Syzygium
cumini leaves on in vivo cholinesterases activities in brain of
normal and alloxan-induced diabetic rats. Each value is a mean of
six replicates ± standard error of mean.

Persistent/chronic hyperglycaemia might cause an
imbalance in the oxidative status of the nervous tissue.
Thus, the resulting free radicals could injure the brain (a
key organ in the nervous system) by a process referred to
as peroxidative mechanism (Pari and Latha, 2004). This
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might lead to a disease condition known as Alzheimer’s
diseases which suggested that continuous hyperglycemia
in diabetes mellitus patients may interact with the
acetylcholine/butyrylcholine receptors affecting the
binding efficiency and leading to an increase in the
AChE/BChE activity, and the decomposition of the higher
levels of the neurotransmitter. According to Wacker et al.
(2005) acetylcholine, the principal neurotransmitter of the
cholinergic
neurons,
is
one
amongst
many
neurotransmitters responsible for neurodegenerative
diseases. It is also related to cognitive functions concerned
with learning and memory processes (Blockland, 1995).
Moreover, cholinergic neurons correspond to about 25% of
the brain cells, which are represented mainly by cortical
and hippocampal neurons (Wacker, 2005). The synaptic
cholinergic
transmission
depends
on
the
acetylcholinesterase (AChE) activity, since this enzyme
promotes the hydrolysis of the neurotransmitter
acetylcholine in choline and acetic acid, resulting in the
terminus of the transmission of the nervous impulse within
the synapses (Taylor, 1996). During this study, the
polyphenols extracted from the Syzygium cumini leaves
demonstrated inhibitory activities of AChE and BChE in
dose dependent manner (Figures 1 and 2). This is an
indication that the extract can be useful in the ameliorating
AChE/BChE activity, and may therefore serve as a
neurotransmitter booster. Also, this was supported by the
in vivo inhibitory activities of AChE and BChE (Figure 3),
which was in agreement with the findings in Gill et al.
(1991) and Gallegos et al. (2001).
In addition, the likely mechanism, by which the
persistent hyperglycemia causes neurotoxicity, is probably
by targeting the learning and memory processes of the
brain by inhibiting the N-methyl-D-aspartate receptor
(NMDAR), essential for hippocampus-mediated learning
and memory (Akinyemi et al., 2015). Furthermore, Orhan
et al. (2004) reported that the enhanced activities of AChE
and BChE are detrimental to patients suffering from
Alzheimer’s disease. Accordingly, the consumption of
polyphenols extracted from Syzygium cumini leaves can be
very functional to health as it could restructure the
neurodegeneration by inhibiting the AChE and BChE
activities.
Moreover, the treatment with antioxidants is a
promising approach for reducing the progression of
Alzheimer’s
disease,
associated
with
chronic
hyperglycemia coupled with oxidative stress. Grundman et
al. (2002) reported a link between antioxidants and
reduced incidence of dementia. The vulnerability of the
brain to oxidative stress induced by oxygen free radicals
might be attributed to the utilization of one fifth of the
total oxygen demand of the body; the brain is not enriched
with enough antioxidant enzymes when compared with
other organs (Bayes and Thrope, 1999). Antioxidant
enzymes play an important role in the maintenance of
physiological concentrations of oxygen and hydrogen
peroxides by enhancing the dismutation of oxygen radicals
and mopping up organic peroxides generated by the
exposure to alloxan (Kazeem et al., 2013). Superoxide
dismutase (SOD) may mop up superoxide radicals by
converting them into H 2 O 2 and oxygen while both CAT
and GPx are useful in the elimination of H 2 O 2 (Vincent et
al., 2004). In this study, a significant reduction was noted
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in the activities of CAT, SOD and GPx (Table 1) in the
brain of diabetic rats. This can be attributed to the rise in
the generation of reactive oxygen species like superoxide
and the hydroxyl radical by alloxan (Kaleem et al., 2006).
Also, the free radicals produced may inactivate the
activities of these antioxidant enzymes (Soon and Tan,
2002).Accordingly, this may be accountable for the dearth
of antioxidant defenses in justifying the ROS mediated
damage (Pari and Latha, 2005). The administration of
polyphenols extracted from Syzygium cumini leaves
enhanced the activities of these antioxidant enzymes
probably by ameliorating the imbalance between the ROS
production and the antioxidant enzyme-activity in diabetic
rats. This may be responsible for the AChE and BChE
inhibitory activities observed in Figure 3.
In the same context, GSH is an antioxidant and its
reduction has been documented in diabetes mellitus, which
may be attributed to its increased utilization by oxidative
stress (Pari and Latha, 2004). In the current study, the
decreased GSH activity was observed in diabetic rats, but
at the end of the fourteen-day experimental period of the
administration of the polyphenols extracted from the
Syzygium cumini leaves, the brain GSH activity increased.
The elevated levels can protect cellular proteins against
oxidation through the glutathione redox cycle (Yu, 1994).
In addition, the elevated levels of MDA and
hydroperoxides were observed in brains of diabetic rats,
because the brain contains a high concentration of easily
peroxidizable fatty acids (Carney et al., 1991); this was in
agreement with the present study (Table 2). However, the
administration of polyphenols extracted from Syzygium
cumini leaves reversed their concentrations. This may be
attributed to the free radical scavenging ability of the
extract. The extract was found to be anti-cholinesterase, an
antioxidant enzyme booster, anti-lipid peroxidation, and
anti- hydroperoxides on the treated diabetic rats. This can
be attributed to the beneficial bioactivity and antioxidant
nature of the extracts.
5. Conclusion
The brain demonstrates a series of morphological and
functional alterations during diabetes mellitus which can
trigger diseases including Alzheimer’s disease, probably as
a result of the oxidative stress. The treatment of diabetic
rats with polyphenols extracted from Syzygium cumini
leaves significantly inhibit the activities of AChE and
BChE, increased the antioxidant enzymes activities, and
decreased the levels of lipid peroxidation and
hydroperoxides. This may be attributed to the readily
absorbable and antioxidant nature of the polyphenols of
Syzygium cumini leaves.
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Abstract
The health problems that are related to chronic exposures to polycyclic aromatic hydrocarbons (PAHs) include decreased
immunity, Cataracts, kidney and liver damage, breathing problems, asthma or (lung- function abnormalities) skin redness
and inflammation. Induced by a repeated contact with PAHs were found to cause various forms of cancer in aquatic animal
models, especially a form that can easily integrate with the cell and corrupt the DNA. This study presents an assessment of
the recalcitrant body residues of some legacy contaminants in selected fresh fish species. Three different species of fish,
namely the African Red snapper (Lutjanus agennes), the Great barracuda (Sphyraena barracuda), and the African cat- fish
(Clarias gariepinus), were sampled in a 1-km stretch of the Qua Ibeo River, Nigeria. The specimens were screened for
PAHs using gas chromatography-mass spectroscopy. This study revealed the sixteen priority PAHs, listed by the United
State Environmental Protection Agency (USEPA) as carcinogenic. The bio-concentration factor was calculated as the ratio
of the concentration of particular PAHs in the tissues to its water-free PAHs concentration. Results showed that the PAHs
concentration is beyond the permissible limit. Considering these results, one can infer that the Qua Iboe River and the biota
are contaminated by PAH, with the risks of bio-accumulation posing threats to human health through the consumption of
fish and aquatic organism foods.
Keywords: PAHs, Fish, Body Burden, Risk Assessment, Toxicity, Aquatic Pollution

1. Introduction
On the whole, most scientific reports and researches
focus on the ability to measure the body burden of
chemicals in biota. Although the bioaccumulation of a
contaminant is an important issue, bioaccumulation in and
of itself is not a hazard. The critical question is: at what
point does bioaccumulation result in body burdens that
lead to adverse effects on individual organisms (prey and
predator species) and ultimately the whole ecosystems
(Meador et al., 1995). One increasingly popular approach
linking body burdens of individual organisms to
toxicological effects in that organism is the critical body
residue (CBR). This approach shifts the focus from
quantifying concentrations in water to predicting toxicity
by measuring concentrations in tissues. The CBR approach
has several advantages over commonplace approaches that
measure concentrations in water and sediments, as
discussed in McCarty and MacKay (1993). The body
burden of polycyclic aromatic hydrocarbons (PAHs) is
determined by the balance between uptake and
elimination, where each can be influenced by many
factors. The determination of uptake and elimination may
suggest measuring tissue concentrations at two different
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times through routine monitoring. The rate at which these
processes occur is more instructive, and may be used to
compare species differences, and predict steady-state
accumulation. Elimination can be accomplished by passive
diffusion when the external concentrations are lower than
the internal concentrations favoring an outward flux and
enzymatic pathways that convert the hydrophobic parent
compounds to more polar metabolites that are readily
excreted by some taxa with kidneys or kidney-like organs
(such as annelids, molluscs and arthropods) (Hom et al.,
1995). The conversion of the hydrophobic PAHs to a polar
metabolite decreases its ability to diffuse through the gill
membrane, favoring the excretory route. The rate of
elimination may be affected by environmental factors such
as temperature, salinity, physiological factors, reproductive
state, age, sex, stress, enzyme-induction, route of uptake,
chemical hydrophobicity and exposure history (Mckim,
1994). An uptake rate constant describes the fractional
changes in water concentration per unit time (hr.-1) and
depends on relative sizes of the fish and water
compartments (Barron et al., 1990; Landrum et al., 1992).
For those organic contaminants that are metabolized, the
uptake and the potential for accumulation are more
difficult to determine, although the quantification of
metabolites will greatly improve the assessment. Even at
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extremely-low environmental concentrations of PAHs (i.e.,
sometimes below detection limit by analytical
instruments), aquatic organisms will accumulate PAHs
because partitioning to the organism is thermodynamically
favored, and the bio-concentration factors are quite high (generally in the range of l02 - l06) - (Connell, 1991). The
pattern of synergism in PAHs uptake, in the presence of
other contaminants, has been rarely studied. One study
found inhibition in the uptake of naphthalene by Eastern
oyster (Crassostrea virginica) when presented with PCBs
and benzo[a]pyrene (BaP) (Fortner and Sick, 1985). When
the oysters were exposed to seawater with only
naphthalene, uptake of both dissolved and particulate
naphthalene produced tissue burdens of this compound
that were always slightly higher.
Conversely, the authors concluded that naphthalene and
PCBs had no effect on BaP uptake. In contrast, Stein et al.
(1984) observed higher body burdens of BaP metabolites
in the English sole (Parophrys vetulus) exposed to
sediment containing BaP and PCBs than in fish exposed to
sediment containing only BaP. This may occur because
enzyme-induction led to a greater metabolism and higher
amounts of metabolites that were not excreted. In the
pelagic environment, fish and invertebrates may take up
PAHs from water through diffusion across their gills and
integuments and via their diet (Knezovich et al., 1987).
Fish and invertebrates associated with sediment, either
living in the substrate (infaunal) or on the surface of
sediments (epibenthic) may accumulate PAHs via the
diffusion of waterborne PAHs across their gills and
integuments, and by dietary uptake. The contribution of
PAHs through water and dietary sources to tissue burdens
was examined by modeling. A series of curves showing
the percentage uptake from water as a function of
hydrophobicity was developed for two different modes of
feeding (Hom et al., 1995). Generally, the metabolism of
parent compounds is the principal confounding factor in
assessing the exposure to PAHs. Therefore, the measurement of parent hydrocarbons in any organism that
is actively metabolizing PAHs may yield partial
information on the total PAHs-derived body burden.
Consequently, a direct measurement of parent hydrocarbon
would be a useful quantitative parameter in animals that
have minimal capacity for PAHs metabolism (Barron et
al., 1990). Neff et al. (1976) reported that the rate of the
release of a PAH is dependent on molecular weight and
presumably hydrophobicity, with higher molecular weight
compounds being released much slowly than low
molecular weight compounds. Parent PAHs and their
unbound metabolites are not highly persistent in fish, and
their residual levels remaining in tissues and fluids two
weeks after the exposure are generally minimal (Varanasi
et al., 1989). However, reactive PAHs metabolites that
covalently bind to DNA are quite persistent in fish. In
studies with PAHs and nitrogen-containing aromatics,
Stein et al. (1993), showed that BaP, which is a model
mutagenic PAH, and 7H-dibenzo- [c,g]carbazole; a model
nitrogen containing mutagenic PAH, form highly
persistent DNA adducts in fish. The bio-concentration
factor (BCF) is the ratio of the concentration of a particular
chemical in the tissue to its concentration in the water. It
should be kept in mind that the BCF is relevant for the
accumulation from water. Therefore, in order to compare

BCFs among different biota, it is important to confirm that
water is the only route of uptake (Macarty, 1986).
2. Materials and Methods
2.1. Research Area
Eket is the second largest city in Akwa Ibom State in
Nigeria. The name also refers to the indigenous ethnic
group of the region and their language. The area of Eket’s
local government occupies the South central portion of
Akwa Ibom State. It lies entirely in the tropics with
territorial expense, spanning Northwards between Latitude
4° 33″ and 4° 45″ and Eastward between Longitude 7° 52″
and 5° 02″. Eket is bounded on the north by Nsit Ubium
LGA, on its east by Esit Eket LGA, on the west by Onna
LGA, and on the south by Ibeno LGA/Bright of Bonny
Figure 1. At present, there are activities involving oil
exploitation from Shell and Exxon Mobil, a thriving hub of
a new oil and gas business, with more than 250 companies
providing support services such as catering, flights and
exports. An oil refinery is currently under construction in
the outskirts of the city along the Oron road.

Key: The green arrow point to Map of Eket
Figure 1. Geography of the Project location showing the map of
Nigeria and Akwa Ibom State

2.2. Description of the Study Sites
The study was conducted in the Qua Ibeo River (aka
Kwa Ibo River), that rises near Umuahia in Abia State in
Nigeria, and flows in a southeastern direction through
Akwa Ibom State to the Atlantic ocean. The river feeds a
zone of mangrove swamps linked by creeks and lagoons
separated from the sea by a low and narrow ridge of sand.
Ibeno, on the eastern side of the River ≈ 3 km from the
river mouth, is one of the largest fishing settlements on the
Nigerian coast. Four sampling stations were established,
1km apart, in the upper and middle reaches of the River
based on ecological settings and the intensity of human
activities. At each station, three sampling sites were
selected, making a total of twelve sample points for the
present study.
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Station 1: This station was located in the upper reaches
of the river at Ikot Ikpe and Ikot Akpoenang at latitude 4 55.8'' and longitude 7 - 40.8''. The main socio-economic
activities in this area are mainly fishing and boat-building
along the river banks. The water quality is relatively good
at this location based on visual evaluation.
Station 2: This location receives effluents from a
slaughter house located along the Ikot Aroku and Ikot
Naidiba village road. There is also discharge of domestic
and municipal waste into the river. The main socioeconomic activities in this area include sand-mining for
both domestic- and commercial purposes. It is about 1 km
downstream from Station 1, straddling latitude 4 - 22.9'',
and longitude 7 - 13.8''.
Station 3: This site is located along Eket-Etinan road,
within Ebiyan and Ndon directly opposite the Onna local
government area. Socio-economic activities at this location
include washing of cars and motor bikes, laundry and
bathing. The vegetation is dominated by bamboo trees.
The site lies about 1km downstream of Station 2,
straddling latitude 4 - 23.2''and longitude 7- 40.2''.
Station 4: This is located at Ndilla. The opposite
villages across the river are Odio and Ale Ebukuku in the
lower reaches of the river near the estuary. This descended
into Ibeno local government area, see Figure 2. The socioeconomic activities include fishing and sand mining. The
vegetation is mainly mangrove forests. The area is turbid
due to sediments from sand mining as well as the impacts
of socio-economic activities upstream. This site is also
very deep due to the mining activities which excavate the
river bed. It is located 1 km downstream of Station 3
straddling latitude 4- 43.5'' and longitude 7 - 53.3''.
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Fish sampling was randomly conducted to ensure that
the representative samples of biota were included in the
samples for analysis. Some variables that influenced the
site selection based on field work included the proximity
to oil-well locations, gas flaring from Bonny Bright, high
population density, socio-economic activities, particularly
fishing within the area, with heavy presence of sewage,
indiscriminate disposal of solid waste in and around the
shore of Qua-Iboe river. Locally-consumed fresh Yellow
tail (Seriola lalandi), Atlantic Croker (Micropogonias
undulates), and Tilpia (Oreochromis niloticus) were
collected for this study by a resident fisherman using set
nets. These species of fishes, irrespective of their sex and
age were weighed. The fishes were wrapped in hexanerinsed aluminum foil. They were labelled and placed
inside closed-glass vessels containing ice pack, and were
kept at below -20°C before being taken for laboratory
analysis.
2.4. Sample Preparation, Extraction and Clean-Up
Procedure of Fish Samples for Analysis
Prior to extraction, the fish samples were descaled
using knife, and subsequently dissected to obtain the
tissues. From each specimen, an excision of 15 g of the
fish tissue was placed in a clean mortar, and ground with
pestle with 40g of anhydrous sodium sulphate - until the
sample was completely dried and homogenized. The
sample extraction was carried out using dichloromethane
(DCM). A sub-sample of 10g of the homogenized sample
was placed in 50ml extraction bottle and 1mL of 60ng/mL
of 1- Chloro-octadecane surrogate standard was added in
the extraction bottle. The content was agitated or vortexed
for five hours, and was allowed to settle for one hour. The
sample was then carefully filtered through a funnel fitted
with cotton wool, silica gel, and Sodium Sulphate
(Na 2 SO 4 ) in a clean volumetric flask. The residue was
further washed and made-up to volume using the
extracting solvent. The sample was concentrated to 2 ml
for PAHs analysis using a gas Chromatography TandemMass Spectroscopy (GC-MS).
2.5. Extraction of Fish and Water Samples for PAH
Determination

Figure 2. Map of Eket local government area of Akwa Ibom
State, Nigeria

2.3. Sample Collection and Analysis
The river water samples were collected using twelve
amber bottles, each 100mL from twelve different points in
Eket area of Akwa Ibom state on the second of September,
2015 between
10 a.m and 3 p.m along the coast. The
samples collected were extracted with n-hexane before
concentrating the analytes or target compounds within
thirty minutes.

The liquid-liquid extraction procedure was used in this
analysis as follows. One litre of the sample was extracted
in a 2L glass separator funnel fitted with a glass stopper
using 30 mL of hexane as extract. The separator funnel
was vigorously shaken for three minutes, and the organic
layer was allowed separating clearly from the aqueous
phase for a minimum of five minutes, and - the organic
layer was then collected into a separate glass bottle. The
extraction was repeated thrice for each sample. Water
residues were expelled from the organic layer by passing
extracts through funnels containing anhydrous Sodium
Sulphate. Extracts were concentrated using rotary
evaporators with the water bath preset at 850 C.
Concentrated extracts were transferred to a pre-weighed
sample bottle and were evaporated to dryness.
2.6. Calculation of Bio -Concentration Factor (BCF)
The bio-concentration factor was investigated using the
McCarty (1986) method. The bio-concentration factor
(BCF) is the ratio of the concentration of a particular
chemical in the tissue to its concentration in water
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(equation 1) below. Considering that - BCF is relevant
only for the accumulation from water to compare with
other BCFs, it is important to confirm that water is the
only route of uptake. Conversely, the bioaccumulation
factor (BAF) which is generally computed as the ratio
between the contaminant concentrations in the tissues and
multiple external sources (e.g., sediment, water, and diet)
is useful in determining the tendency of hydrophobic
compounds to accumulate in the tissue.

Table 1. Bio-accumulated PAHs in African Red snapper (Lutjanus
agennes) fish.
Polycyclic aromatic hydrocarbons
(PAHs)

Mean ± SD of
Contaminant in
African Red
snapper fish
(ppm)

Mean ± SD
Bioconcentration
factor (BCF)

Naphthalene (ppm)

29.763±1.001

1.277±8.780*

2-Methylnaphthalene (ppm)

30.260±0.060

1.072±0.231

Acenaphthylene (ppm)

30.100±0.081

1.817±0.368

BCF, (bio-concentration factor with free PAH in water) =
[Tissue]/ [Water free]

Acenaphthene (ppm)

30.133±0.049

1.092±0.040

Fluorene (ppm)

28.106±0.023

1.031±0.187

BCF is BCF predicted. For example, the equation from McCarty
(1986); = 0.046 KOw.

Phenanthrene (ppm)

30.533±0.367

1.074±0.174

Anthracene (ppm)

30.360±0.467

1.074±2.113*

2.7. Statistical Analysis

Fluoranthene (ppm)

27.416±5.035

0.997±12.556*

Pyrene (ppm)

28.773±1.157

1.020±1.060*

Benzo (a) anthracene (ppm)

21.480±2.295

0.817±10.432*

Triphenylene (ppm)

30.183±0.119

1.038±0.361

Benzo (e) pyrene (ppm)

26.623±6.160

0.965±29.194*

Benzo (a) pyrene (ppm)

29.773±0.687

2.146±6.189*

Indeno (1,2,3,cd) pyrene (ppm)

30.116±0.241

2.186±1.131*

Benzo (g,h,i) perylene (ppm)

30.536±0.730

1.075±3.476*

All investigations were carried out in triplicate, and the
data obtained were presented as mean ± standard deviation
using descriptive statistics. The one-way analysis was used
to compare mean variance among the samples.
Significance was accepted at p < 0.05 level using SPSS
software, (version 18).
3. Results
3.1. Bioaccumulated PAHs in African Red Snapper
(Lutjanus agennes) Fish

Dibenzo (a,h) anthracene (ppm)

30.526±0.180

1.078±1.782*

000053-70-3-benzo(e) pyrene ppm)

29.490±1.625

1.059±9.503*

Table 1 shows the mean concentration of individual
PAHs in river-water samples, mean bio-concentration of
individual PAHs in the fish tissue, and the
bioaccumulation factor of individual PAHs in L. agennes
specimen. Extrapolated data revealed that L. agennes had
the highest PAHs body load compared with the other fish
species analyzed. For instance, the BCF for BaP was
2.15±6.19, while indeno (1, 2, 3, cd) pyrene was the
highest body load or burden at 2.19±1.13. Meanwhile,
other PAHs compounds recorded higher BCF values
beyond the permissible limit. For example, naphthalene
had 1.27±8.78, 2-methylnaphthalene at 1.07±0.23,
acenaphthylene at 1.81±0.36, acenaphthene at 1.09±0.04,
fluorene at 1.03±0.18, phenanthrene at 1.07±0.17 and
anthracene 1.07±2.11, respectively.

Results are mean ± SD for 3 determinations
Column marked with asterisk (*) indicates standard deviation
greater than the mean. This is because the water free PAHs were
considerably higher than the partitioned PAHs in fish tissue after
computation.

3.2. Bio-Accumulated PAHs in Great Barracuda
(Sphyraena barracuda) Fish
Table 2 shows the mean concentration of individual
PAHs in river water samples, mean bio-concentration of
individual PAHs in the fish tissue, and the
bioaccumulation factor of individual PAHs in the Great
Barracuda (Sphyraena barracuda) fish. The bioconcentration values of PAHs in the fish tissue indicated a
low PAH contamination in all the fish samples analyzed.
The BCF values are considerably lower compared to other
fish species. For example, BeP had 0.361±1.602, BaP
0.683±6.099 and Indeno (1, 2, 3, cd) pyrene at
0.689±1.709. Other PAHs compounds such as 2methylnaphthalene,
acenaphthylene,
acenaphthene,
fluorine, phenanthrene, anthracene, fluoranthene and
pyrene were recorded in lower BCFs, respectively.
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Table 2. Bio-accumulated PAHs in the Great Barracuda
(Sphyraena barracuda) fish.

175

Table 3. Bio-accumulated PAHs in cat-fish (Clarias gariepinus).
Mean ± SD
Bioconcentration
factor (BCF)
ppm

Polycyclic aromatic hydrocarbons
(PAHs)

Mean ± SD
of
Contaminant
in cat - fish
(ppm)

0.402±6.974*

Naphthalene (ppm)

10.517±0.453 0.451±3.974*

9.550±0.446

0.339±1.930*

2-Methylnaphthalene (ppm)

10.476±0.551 0.371±2.385*

9.4300±0.578

0.569±2.627*

Acenaphthylene (ppm)

10.170±0.500 0.613±2.272*

Acenaphthene (ppm)

9.806±0.596

0.355±0.492

Acenaphthene (ppm)

10.097±0.023 0.366±0.019

Fluorene (ppm)

8.777±1.154

0.322±9.382*

Fluorene (ppm)

10.146±0.115 0.372±0.934

Phenanthrene (ppm)

8.726±0.903

0.307±0.43

Phenanthrene (ppm)

10.400±0.294 0.366±0.140

Anthracene (ppm)

10.086±0.030

0.357±0.135

Fluoranthene (ppm)

9.766±0.516

0.355±1.286*

Pyrene (ppm)

9.753±0.575

Benzo (a) anthracene (ppm)

Polycyclic aromatic hydrocarbons
(PAHs)

Mean ± SD of
Contaminant
in Barracuda
fish (ppm)

Mean ± SD
Bioconcentration
factor (BCF)

Naphthalene (ppm)

9.360±0.795

2-Methylnaphthalene (ppm)
Acenaphthylene (ppm)

Anthracene (ppm)

10.373±0.458 0.367±2.072*

Fluoranthene (ppm)

11.646±0.803 0.423±2.002*

0.346±0.527

Pyrene (ppm)

10.360±0.312 0.367±0.286

9.913±0.375

0.377±1.705*

Benzo (a) anthracene (ppm)

10.613±0.512 0.404±2.327*

Triphenylene (ppm)

9.826±0.422

0.337±1.283*

Triphenylene (ppm)

10.206±0.215 0.351±0.653

Benzo (e) pyrene (ppm)

9.960±0.338

0.361±1.602*

Benzo (e) pyrene (ppm)

10.323±0.195 0.374±0.924

Benzo (a) pyrene (ppm)

9.473±0.677

0.683±6.099*

Benzo (a) pyrene (ppm)

9.436±1.411

0.680±12.711*

Indeno (1,2,3,cd) pyrene (ppm)

9.490±0.364

0.689±1.709*

Indeno (1,2,3,cd) pyrene (ppm)

9.656±1.064

0.701±4.995*

Benzo (g,h,i) perylene (ppm)

9.800±0.616

0.345±2.933*

Benzo (g,h,i) perylene (ppm)

10.133±1.021 0.357±4.862*

Dibenzo (a,h) anthracene (ppm)

10.093±0.565

0.357±5.594*

Dibenzo (a,h) anthracene (ppm)

10.336±0.275 0.365±2.722*

000053-70-3-benzo(e) pyrene ppm)

9.676±0.480

0.348±2.807*

000053-70-3-benzo(e) pyrene ppm)

10.193±0.020 0.366±0.117

Results are mean ± SD for 3 determinations
Column marked with asterisk (*) indicates standard deviation
greater than the mean. This is because the water free PAHs were
considerably higher than the partitioned PAHs in fish tissue after
computation.

3.3. Bioaccumulated PAHs in the African Cat- Fish
(Clarias gariepinus)
Table 3 shows the mean concentration of individual
PAHs in river water samples, mean bio-concentration of
individual PAHs in the fish tissue, and the
bioaccumulation factor of individual PAHs in Clarias
gariepinus samples. Results followed a similar trend to
table 1. Though there is dissimilarity in values in terms of
concentration
and
the bio-concentration
factor.
Considering PAH body load or burden in cat fish, results
showed that the PAHs compounds accumulated were
tolerable. For instance, Benzo (a) anthracene recorded
0.365±2.722 ppm, and Benzo (e) pyrene was 0.367±0.286
ppm. These values are below the 0.5 ppm threshold given
by McCarthy et al., (1986) as the toxic level in aquatic
organisms.

Results are mean ± SD for 3 determinations
Column marked with asterisk (*) indicates standard deviation
greater than the mean. This is because the water free PAHs were
considerably higher than the partitioned PAHs in fish tissue after
computation.

4. Discussion
Studies on wildlife have revealed some modification of
the gonadal, reproductive development and hormones
(Cynthia et al., 2004). A number of abnormalities in the
reproductive system of various wildlife species correlate
with abnormalities found in human population. These
substances in our environment, food, and consumer
products interfere with hormone biosynthesis and
metabolism resulting in a deviation from normal
homeostatic control or reproduction. Reports from aquatic
animal models, human clinical observations, and
epidemiological studies show that endocrine disrupting
compounds are a significant concern for public health. The
available field evidence gives proof to the ubiquitous
nature of PAHs in environmental media and fish.

176

© 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 2

The exposure to Benzo (a) pyrene may damage the
reproductive system and cause cancer. Ingestion of Benzo
(e) pyrene may cause gastrointestinal irritations. Dermal
contact with Benzo (a) pyrene may lead to skin irritation.
In the natural environment, Benzo (a) pyrene occurs as
part of a mixture of polycyclic aromatic hydrocarbons
(PAHs). The full effects of Benzo (a) pyrene on human
health are unknown, however studies have shown that
inhalation of PAHs or dermal contact with PAHs for
extended periods of time can cause cancer. The maximum
permissible concentrations (MPCs), the serious risk
concentrations (SRC) for ecosystems, and the sixteen
known polycyclic aromatic hydrocarbons (PAHs) were
derived by Verbruggen (2012). This was computed for all
individual PAHs in water and fish. Bioavailability and
organism’s physiology are the two important variables
with major effects on chemical contaminant body burdens.
Considering the wide spread of environmental PAHs, only
the bioavailable fraction can enter the organism. Results
revealed different mean PAHs bio-accumulation in the
African Red snapper (Lutjanus agennes). These bioaccumulated toxicants in the fish are beyond the USEPA
permissible limits - and the recommendation limit
postulated by McCarty (1986) of = 0.046- KOw.
Physiological factors, including lipid levels, the rates of
uptake and elimination i.e. (metabolism, diffusion, and
excretion), determine the contaminant body burden
(Landrum et al., 1994). Uptake is an important factor when
determining body burden, since this is controlled by
factors associated with bioavailability and organismal
physiology. It is believed that the process of uptake of
hydrophobic compounds is passive (vis-a-vis active
transport) and is controlled by diffusion pressure (fugacity)
because of the difference between the environmental
matrix and the tissue load (Mckim, 1994). The uptakes of
PAHs from water, and factors that control the
concentration of the free PAHs (non-sorbed) are important,
and can be attributable to toxicity and risk.
Comparatively, the Great Barracuda fish (Sphyraena
barracuda) bio-accumulated lesser contaminants than the
African Red Snapper fish. For this model, Benzo (a)
pyrene 0.683±6.099 ppm and Indeno (1, 2, 3, cd) pyrene
0.689±1.709 ppm had the highest concentration, and posed
a bigger risk burden on the organism. This study presents
evidence that differential ability of fish species and tissues
to bio-transform PAHs to more water-soluble metabolites
and metabolites half-life may result in differences in body
burden. Some studies indicate that a fraction of persistent
PAH remains in the tissues of organisms that are exposed
to PAHs for long periods, even in species capable of
metabolizing these xenobiotics. Results of PAHs bioaccumulation indicate a higher degree and variability of
PAHs body burdens in C.gariepinus. Comparing the
toxicant body burdens in these aquatic fish species showed
that they differ from other species, although they were all
fished from the same river. Several factors may be
attributed to the variation in concentration. Understanding
the mechanism of chronic exposure to PAHs by fish is
desirable when evaluating the population of aquatic animal
models and the possibility of transferring contaminant
body burdens in fish to humans via the food chain.
Additionally, the carcinogenicity of PAHs presents a
human health risk because some PAHs are bio-

transformed to reactive metabolites which interact with
DNA adducts. The ability to predict tissue burdens in
aquatic organisms is important in the assessment of hazard
and toxic effects. Considering the lethal body burdens of
non-ionic hydrophobic compounds such as parent PAHs
compounds, acting by narcosis, they are believed to be in
the range of 2-6 pmol/g (wet wt) (McCarty 1990). For
species with no capacity to metabolize PAHs, assessing
contaminant body burdens in light of this synergetic
reactions will be beneficial in determining deleterious
effects. Perhaps, these body burdens can be applicable in
the relationships between chemical exposure and
ecological effects on aquatic species.
5. Conclusion
This study evaluated contaminant body load from
existing bioaccumulation, using model organisms as
screening tools. The use of indigenous fish species was
desirable since the results of these species would have
greater ecological significance to predict perceived risks or
hazards associated with aquatic pollution. The direct
measurement of bio-concentration gives an insight into
toxicant tissue residues at the time and location of the
sampling. Direct measurement was accomplished by
measuring tissue concentrations in the field-collected
organisms. It is concluded that the toxicant body burdens
in the assessed fish species were beyond the permissible
limits as described by USEPA.
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Abstract
The Minor carp, Labeo bata (Cyprinidae), is one of the important fish species in northwestern (NW) Bangladesh. This
study illustrates the population parameters of L. bata i.e., population structure (length-frequency distributions; LFDs),
growth (length-weight relationships, LWRs; length-length relationships, LLRs), condition factors (allometric, K A ; Fulton's,
K F ; relative, K R ; relative weight, W R ), form factor (a 3.0 ), reproduction (length at first maturity, L m ) and natural mortality
(M w ) in the Ganges River, NW Bangladesh. Samples were collected occasionally between July, 2013 to June, 2014 using
different fishing gears i.e., gill net (mesh sizes: 2.5–3.5 cm) and cast net (mesh sizes: 1.5–3.0 cm). A total 157 individuals of
L. bata were collected, where sixty-nine were male, and eighty-eight were female. The sex ratio did not fluctuate
2
significantly from the anticipated 1:1 ratio (df =1, χ =2.30, p>0.05). Total length varied from 7.9 to 25.2 cm and body
weight ranged from 4.68 to 181.35g. All LWRs were highly significant (p<0.01), with all r2 values ≥0.984. The analysis
of covariance (ANCOVA) revealed no extensive differences i n L W R s between genders (p>0.05). The allometric
coefficient (b) indicated positive allometric growth in both sexes (b>3.00, p<0.01). All LLRs were highly correlated (p<0.001),
and most of the r2 values were ≥0.992. Among four condition factors, K F was the best fitted, and can be used as indicator of
safe life for L. bata in the Ganges River. Wilkoxon Sign Ranked Test for W R showed no considerable dissimilarity from 100
for male (p=0.295) and female (p=0.057). The a3.0 for both sexes was 0.0108. The L m for male and female population was
14.12 cm and 14.60 cm in TL, respectively. The M w for the population of L. bata was 0.86 year-1 in the Ganges River. This
result would be effective for a sustainable management of this Minor carp in Bangladesh and its adjoining ecosystems.
Keywords: Labeo bata, growth, condition, maturity, mortality, Ganges River.

1. Introduction
The Minor carp, Labeo bata (Hamilton, 1822), is an
important native target species for fishers, much soughtafter in Bangladesh because of its high commercial value.
It is a freshwater benthopelagic, potamodromous cyprinid,
commonly known as Bata in Bangladesh, Bhagan in India,
and Bata labeo in Nepal (Froese and Pauly, 2016). It can
be found throughout the Indian sub-continent, including
Bangladesh, India, Myanmar, Nepal and Pakistan (Robins
et al., 1991), inhabiting rivers, canals, haors, ponds and
ditches. In spite of some local threats impacting this
species, there is no present information on its population
decline. Nowadays, this fish is being cultured
commercially, and no risk is expected in the near future.
Hence, at the present this species is assessed as a least
*
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concern, although it had been assessed as endangered
earlier in Bangladesh (IUCN Bangladesh, 2015).
Information regarding the length, weight, sex, first
maturity and mortality is of elemental significance to the
effective management of an exploitable fish population in
that they can be employed to determine a maximum
sustainable yield (Chen and Paloheimo, 1994; King, 1997).
Nevertheless, several authors reported on the biology,
ecology (Talwar and Jhingran, 1991), breeding
performance, growth, survival rate, morphometric
relationships and the condition factor (Siddique et al.,
1976; Naeem et al., 2012; Hossen et al., 2015, Hossain et
al., 2016a) for this species, but in spite of the economic
importance of this species, no prior research was
performed on the population parameters of L. bata.
Hence, the aim of this research is to elucidate the
population parameters including growth pattern (length-
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weight relationships, LWRs; length-length relationships,
LLRs), condition factors (allometric, K A ; Fulton's, K F ;
relative, K R ; and relative weight, W R ), reproduction (size
at first maturity, L m ), and natural mortality (M W ) of L. bata
from the Ganges River in northwestern (NW) Bangladesh
using a number of specimens with various sizes over a
study period of one year.
2. Material and Methods
2.1. Study Area and Sampling
A sum of 157 individuals of L. bata was collected
occasionally from the Ganges River (known as Padma
River in Bangladesh) (Lat. 24.35′ N; Long. 88.64′ E) NW
Bangladesh) between July, 2013 to J u n e , 2014 from
artisanal fishers. The samples were caught using gill net
(mesh sizes 2.5–3.5 cm), and cast net (mesh sizes 1.5–3.0
cm). Fresh samples were instantly chilled in ice on site and
were transported to the laboratory and were fixed with
10% buffered formalin for laboratory analysis.
2.2. Fish Measurement
Morphological traits (Total length, TL; fork length, FL;
and standard length, SL) were assessed via digital slide
calipers (±0.01 cm). The whole body weight (BW) was
taken using an electronic balance with a 0.01 g accuracy.
2.3. Sex Ratio and Length-Frequency Distributions (LFDs)
Sex determination of samples was done by a
microscopic observation of the gonads. The chi-square test
was conducted to verify the sex-ratio variance from the
anticipated value of 1:1 (male: female). The LFDs were
constructed separately for male and female using 1 cm
intervals of TL.
2.4. Growth Pattern
The growth pattern was estimated through LWR with
the equation: BW= a*Lb, where BW is the total body
weight (g), and L is the length (TL, FL and SL in cm).
Through linear regression analysis, the parameters a and b
were estimated based on natural logarithms: ln (W) = ln (a)
+ b ln(L). Outliers were excluded from the regression
analysis by Froese (2006). The t-test was employed to
confirm whether the b values obtained in the linear
regressions were significantly departed from the isometric
value (b=3) (Sokal and Rohlf, 1987). Furthermore, linear
regression was applied to estimate LLRs i.e., TL vs. SL;
TL vs. FL and SL vs. FL relationships (Hossain et al.,
2006a).
2.5. Condition Factors and Form Factor (a 3.0 )
The allometric condition (K A ) was estimated by the
equation of Tesch (1968): W/Lb, where W is the BW (g), L
is the TL (cm), and b is the LWR parameter. The Fulton's
Condition Factor (K F ) was determined by the equation, K F
=100× (W/L3), where W is the BW (g), and L is the TL in

cm (Fulton, 1904). The scaling factor of 100 was used to
bring the K F close to unit. Moreover, the relative condition
(K R ) was calculated by the equation of Le Cren (1951): K R
= W/(a×Lb), where W is the BW (g), L is the TL (cm), and
a and b are LWRs parameters. For assessing W R , the
equation of Froese (2006): W R = (W/W s )×100 was used,
where W is the weight of a particular individual and W s is
the expected standard weight for the same individual.
Additionally, the a 3.0 of L. bata was estimated through the
equation of Froese (2006) as: a 3.0 = 10log a-s(b-3), where a
and b are regression parameters of LWRs and s is the
regression slope of ln a vs. b. In this study, a mean slope
S = -1.358, was used for calculating the form factor to
estimate of the regression (S) of ln a vs. b, since
information on the LWRs for this species is unavailable
2.6. Size at Sexual Maturity (L m ) and Natural Mortality
(M W )
The L m of L. bata was estimated via the equation,
log (L m ) = -0.1189 + 0.9157* log (L max ) by Binohlan and
Froese (2009) for males and females, separately. Also the
M W was determined using the model, M W = 1.92 year-1
*(W)-0.25 (Peterson and Wroblewski, 1984), where, M W =
natural mortality at mass W, and W = a*Lb, a and b are
regression parameters of LWRs.
2.7. Statistical Analyses
The Microsoft® Excel-add-in-DDXL and GraphPad
Prism 6.5 software were used in statistical analysis of this
study. The homogeneity and normality of data were
checked. The non-parametric Spearman Rank Test was
employed to assess the relationship between the
morphometric indices (e.g., TL, FL, SL, and BW) with
condition factors. The Mann-Whitney U-test was
employed to compare the mean values between sexes.
Furthermore, ANCOVA was utilized for the comparison of
LWRs between male and female. The Wilkoxon Sign
Ranked Test was applied to evaluate the mean W R with
100 (Anderson and Neumann, 1996). All statistical
analyses were considered significant at 5% (p<0.05).
3. Results
3.1. Sex ratio
This study revealed that, out of the 157 individuals of
L. bata, sixty-nine (43.95%) were males, and eighty-eight
(56.05%) were females. The male and female ratio was
1:1.28; the whole sex ratio did not differ statistically from
2
the expected 1:1 ratio (df=1, χ =2.30, p>0.05) (Table 1).
However, the deviation in the sex ratio with length class
illustrated that both males and females w e r e dominated
for 8.00-8.99 cm to 8.99-9.99 cm TL size groups,
respectively, though statistically, there was no considerable
variations among these groups (p>0.05).
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Table 1. Number of male, female and sex ratio (male: female=1:1) of Labeo bata (Hamilton, 1822) from the Ganges River, northwestern
Bangladesh.
Significance
Number of specimens
Sex ratio
χ2
Length class
(TL, cm)
Male
Female
Total
7.00 – 7.99
0
1
1
8.00 – 8.99
11
13
24
9.00 – 9.99
12
13
25
10.00 – 10.99
5
6
11
11.00 – 11.99
3
4
7
12.00 – 12.99
3
4
7
13.00 – 13.99
4
3
7
14.00 – 14.99
2
5
7
15.00 – 15.99
2
3
5
16.00 – 16.99
3
5
8
17.00 – 17.99
3
4
7
18.00 – 18.99
3
4
7
19.00 – 19.99
4
4
8
20.00 – 20.99
3
4
7
21.00 – 21.99
5
4
9
22.00 – 22.99
2
4
6
23.00 – 23.99
2
4
6
24.00 – 24.99
2
1
3
25.00 – 25.99
2
2
Overall
69
88
157
TL, total length; df, degree of freedom; ns, not significant

(Male/Female)

(df=1)

1:1.18
1:1.08
1:1.2
1:1.33
1:1.33
1:0.75
1:2.5
1:1.5
1:1.67
1:1.33
1:1.33
1:1
1:1.33
1:0.80
1:2
1:2
1:0.50
1:1.28

1.00
0.17
0.04
0.09
0.14
0.14
0.14
1.29
0.20
0.50
0.14
0.14
0.00
0.14
0.11
0.67
0.67
0.33
2.00
2.30

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

that there was no noteworthy variations in the LFDs
between sexes (U= 2872, p=0.056). Furthermore, the
results showed that, BW of males and females did not
pass the normality test (Shapiro- Wilk Normality Test,
p<0.001), also the Mann-Whitney U-test indicated no
significant differences in the BW between sexes (U=
2818, p>0.05).

3.2. Length-Frequency Distributions (LFDs)
Table 2 illustrates the descriptive statistics for length
and weight measurements of the L. bata. The LFDs point
out that the smallest and largest specimens were 8.00 to
24.3 cm TL for males and 7.9 to 25.2 cm TL for females
(Figure 1). The LFDs for both males and females did not
pass the normality (Shapiro- Wilk Normality Test,
p<0.001). In addition, the Mann-Whitney U-test indicates

Table 2. Descriptive statistics and estimated parameters of the length-weight relationships (BW= a×TLb) of Labeo bata (Hamilton, 1822)
from the Ganges River, northwestern Bangladesh.
Equation

Sex

n

Length (cm)
Min

b

BW=a×TL

M

69

BW=a×FLb
b

BW=a×SL

Max

Min

Max

8.0

24.3

4.68

175.57

7.0

22.1

6.2

20.3

7.9

25.2

BW=a×FLb

6.9

BW=a×SLb

6.0

BW=a×TLb

BW=a×TLb

F

157

Regression
parameters
a

95% CL of a

95% CL of b

r2

GT

b

0.0070

3.14

0.0062 – 0.0080

3.09 – 3.19

0.996

+A

0.0120

3.08

0.0100 – 0.0144

3.01 – 3.16

0.990

I

0.0215

2.99

0.0178 – 0.0260

2.91 – 3.07

0.988

I

0.0085

3.08

0.0076 – 0.0094

3.04 – 3.12

0.996

+A

22.2

0.0153

3.00

0.0128 – 0.0182

2.93 – 3.07

0.988

I

19.8

0.0243

2.95

0.0200 – 0.0295

2.87 – 3.03

0.984

-A

4.94

4.68

181.35

7.9

25.2

0.0078

3.11

0.0072 – 0.0084

3.07 – 3.14

0.996

+A

BW=a×FLb

6.9

22.2

0.0137

3.04

0.0120 – 0.0155

2.99 –3.09

0.989

I

b

6.0

20.3

0.0229

2.97

0.0200 – 0.0362

2.91 – 3.03

0.986

-A

BW=a×SL

C

88

Body weight (g)

181.35

TL, total length; FL, fork length; SL, standard length; BW, body weight; M, male; F, female; C, combined; n, sample size; Min, minimum;
Max, maximum; a and b are regression parameter; CL, confidence limit for mean values; r2, coefficient of determination; GT, growth type;
+A, positive allometric; -A, negative allometric; I, isometric
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Table 3. The estimated parameters of the length-length
relationships (Y = a +b × X) of Labeo bata (Hamilton, 1822)
from the Ganges River, northwestern Bangladesh.

10.0

Male
n = 69

Frequency (%)

8.0

Equation

6.0

Regression
parameters
a

4.0

2.0

0.0
1.0

3.0

5.0

7.0

9.0

11.0

13.0

15.0

17.0

19.0

21.0

23.0

25.0

27.0

Total length (cm)
10.0

8.0

Frequency (%)

Sex

Female
n = 88

6.0

4.0

2.0

0.0
1.0

3.0

5.0

7.0

9.0

11.0

13.0

15.0

17.0

19.0

21.0

23.0

25.0

27.0

Total length (cm)

Figure 1. Length-frequency distribution of male and female
Labeo bata from the Ganges River, northwestern Bangladesh

3.3. Growth Pattern
The sample sizes (n), regression parameters and 95%
confidence limits for a and b of the LWRs, coefficients of
determination (r2), and growth type of L. bata are shown in
Figure 2 and in Table 2. All LWRs were highly significant
(p<0.01), with all r2 values ≥ 0.984. The ANCOVA
expressed no considerable differences i n L W R s
between sexes (p>0.05). Moreover, the L L R s i . e . , T L
v s . S L , TL vs. FL and S L v s . F L of the L. bata along
with the estimated parameters, and the coefficient of
determination (r2) are presented in Table 3. All LLRs were
highly significant (p<0.001) and most of the r2 values
exceeded 0.992.

TL = a + b
× SL
TL = a + b
× FL
SL = a + b
× FL
TL = a + b
× SL
TL = a + b
× FL
SL = a + b
× FL
TL = a + b
× SL
TL = a + b
× FL
SL = a + b
× FL

M

b

of a

of b

r2

1.18

0.5898-1.1651

1.16-1.21 0.993

0.4018

1.10

0.1703-0.6334

1.08-1.12 0.996

-0.5053 to -0.2447 0.91-0.94 0.998

0.6887

1.213

0.3949-0.9825

1.18-1.24 0.991

0.5121

1.10

0.2857-0.7386

1.08-1.11 0.995

-0.1052 0.90
C

95% CL

0.8775

-0.3750 0.93
F

95% CL

-0.2610 to 0.0506 0.89-0.91 0.997

0.7591

1.20

0.5717-0.9466

1.19-1.22 0.994

0.4881

1.10

0.3310-0.6452

1.08-1.11 0.995

-0.1957 0.91

-0.3038 to -0.0875 0.90-0.92 0.997

TL, total length; FL, fork length; SL, standard length; M, male; F,
female; C, combined; a, intercept; b, slope; CL, confidence limit
of mean values; r2, coefficient of determination

3.4. Condition Factors and Form Factor (a 3.0 )
The different condition factors (K A , K F, K R and W R ) for
both sexes of the L. bata are given in Table 4. The
relationship between TL vs. W R is shown in Figure 3, and
the relationships of different condition factors (K A , K F, K R
and W R ) with TL and BW are shown in Table 5.
Additionally, the calculated a3.0 of both sexes of the L. bata
was 0.0108 (Table 6).
Table 4. Allometric (K A ), Fulton’s (K F ), relative condition factors
(K R ) and relative weight (W R ) of Labeo bata (Hamilton, 1822)
from the Ganges River, northwestern Bangladesh.

200.0

Condition Sex
factors

n

Min

Max

Mean ± SD

95% CL

Body weight (g)

150.0

Male

KA

BW = 0.0070 TL3.1384
2

n = 69, r = 0.9963

100.0

50.0

0.0064

0.0087

0.0071 ± 0.0005 0.0069 – 0.0072

KF

0.8797

1.2440

1.0114 ± 0.0904 0.9897 – 1.0331

KR

0.9165

1.2359

1.0097 ± 0.0752 0.9916 – 1.0277

WR

91.651

123.594 100.968 ± 7.517 99.162 – 102.774

KA

M

F

69

0.0070

0.0110

0.0085 ± 0.0006 0.0083 – 0.0086

KF

88

0.8930

1.2859

1.0350 ± 0.0787 1.0184 – 1.0517

KR

0.8797

1.2471

0.9973 ± 0.0709 0.9823 – 1.0123

WR

87.966

124.707 99.732 ± 7.090

0.0
2.0

7.0

12.0
17.0
Total Length (cm)

22.0

27.0

200.0

KA

Body weight (g)

150.0

Female
3.076

BW = 0.0085 TL
100.0

n = 88, r 2 = 0.996

50.0

0.0
2.0

7.0

12.0

17.0

22.0

27.0

Total length (cm)

Figure 2. The length-weight relationships (BW= a * TLb) of male
and female Labeo bata from the Ganges River, northwestern
Bangladesh

C

98.230 – 101.234

157 0.0070

0.0100

0.0080 ± 0.0010 0.0077 – 0.0079

KF

0.8800

1.2900

1.0200 ± 0.0800 1.0100 – 1.0400

KR

0.9800

1.4100

1.1100 ± 0.0800 1.1000 – 1.1300

WR

98.340

140.670 111.250 ± 8.220 109.950 –12.540

n, sample size; Min, minimum; Max, maximum; SD, standard
deviation; CL, confidence limit for mean values; K A , allometric
condition factor; K F, Fulton’s condition factor; K R, relative
relative
weight
condition
factor;
WR,
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Table 5. Relationships of condition factors with total length (TL)
and body weight (BW) of Labeo bata from the Ganges River,
northwestern Bangladesh.
Sex

rs
value

95% CL of r s

TL vs. K A

M

p value

Degree of
significance

0.0559

-0.1902 to 0.2953

p = 0.648

ns

TL vs. K F

0.6826

0.5266 to 0.7941

p < 0.001

***

TL vs. K R

0.0555

-0.1905 to 0.2950

p = 0.650

ns

TL vs. W R

0.0579

-0.1883 to 0.2971

p = 0.637

ns

BW vs. K A

0.0746

-0.1720 to 0.3124

p = 0.542

ns

BW vs. K F

0.6964

0.5454 to 0.8036

p < 0.001

***

BW vs. K R

0.0750

-0.1716 to 0.3126

p = 0.540

ns

BW vs. W R

0.0767

-0.1699 to 0.3143

p = 0.531

ns

140.0
Male
130.0
Relative weight (WR )

Condition
factor

183

Mean+SD
Mean

120.0

Mean-SD

110.0
100.0
90.0
80.0
8.9

10.6

13.7

16.8
19.0
Total length (cm)

21.0

22.7

24.2

140.0

F

Relative weight (WR )

TL vs. K A

Female
130.0

Mean+SD
Mean

120.0

Mean-SD

110.0

0.0069

-0.2221 to 0.2089

p = 0.949

ns

TL vs. K F

0.4843

0.3002 to 0.6337

p < 0.001

***

TL vs. K R

-0.0055 -0.2207 to 0.2202

p = 0.960

ns

90.0

TL vs. W R

-0.0041 -0.2194 to 0.2116

p = 0.970

ns

80.0

BW vs. K A

0.0134

-0.2027 to 0.2282

p = 0.901

ns

BW vs. K F

0.5019

0.3211 to 0.6473

p < 0.001

***

BW vs. K R

0.0150

-0.2011 to 0.2298

p = 0.889

ns

100.0

8.5

BW vs. W R

0.0166

-0.1996 to 0.2313

p = 0.878

ns

0.0586

-0.1036 to 0.2178

p = 0.466

ns

TL vs. K F

0.5877

0.4711 to 0.6841

p < 0.001

***

TL vs. K R

0.0419

-0.1201 to 0.2018

p = 0.602

ns

TL vs. W R

0.0452

-0.1169 to 0.2050

p = 0.574

ns

BW vs. K A

0.0871

-0.0751 to 0.2449

p = 0.279

ns

TL vs. K A

C

BW vs. K F

0.6084

0.4958 to 0.7009

p < 0.001

***

BW vs. K R

0.0705

-0.0917 to 0.2292

p = 0.380

ns

BW vs. W R

0.0740

-0.0883 to 0.2325

p = 0.357

ns

n

Length (cm)

a

b

a 3.0

Lm

95% CL of L m

Type Min Max
Male

69

TL

8.0 24.3 0.0070 3.14 0.0108 14.12

11.07 - 17.98

Female 88

TL

7.9 25.2 0.0085 3.08 0.0108 14.60

11.43 - 18.61

14.2

16.2

18.0

20.1

21.9

23.8

25.2

Figure 3. The relationship between total length and relative
weight of Labeo bata from the Ganges River, northwestern
Bangladesh

3.5. Size at First Sexual Maturity (L m ) and Natural
Mortality (M W )
The calculated L m for male and female populations of
L. bata was 14.12 cm and 14.60 cm in TL, respectively
(Table 6). The M w for the population of L. bata was
estimated 0.86 year-1 in the Ganges River in northwestern
Bangladesh (Figure 4).
2

Mw = 1.915e -0.0533x

1.6

2

Natural mortality (Mw)

Sex

12.1

Total length (cm)

r S , coefficient of spearman rank correlation test; ns, not
significant; ***, highly significant
Table 6. The calculated form factor (a 3.0 ), size at first sexual
maturity (L m ) of Labeo bata from the Ganges River, northwestern
Bangladesh.

9.7

r = 0.956
[ Peterson and Wroblewski, 1984 ]
1.2

0.8

0.4

0

n, sample size; TL, total length; Min, minimum; Max, maximum;
a, intercept; b, slope; a 3.0 , form factor; L m , size at first sexual
maturity

0

5

10

15

20

25

30

Total length (cm)

Figure 4. The relationships between total length and natural
mortality of Labeo bata from the Ganges River, northwestern
Bangladesh
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4. Discussion
The population parameters are valuable approaches for
the evaluation of the status of fish stocks and are vital
means for the management of exploited fish populations
(Sparre and Venema, 1997). Information on the population
parameters of the L. bata is very deficient, therefore, the
present study provides a complete description on the
above-mentioned issue including- growth patterns,
condition factors, form factor, reproduction and mortality
using a number of individual L. bata collected from the
Ganges River in NW Bangladesh.
In the current study, the females were more dominant
than the males with the sex ratio o f male and female of
the L. bata being 1:1.28, which is statistically not
2
different from the anticipated value of 1:1 (χ =2.30,
df=1, p>0.05). Fumio (1960) stated that an increase in the
sex ratio in relation to body size for some fish species may
be attributed to the high mortality rate in males, and the
greater longevity of females.
During the study, L. bata with < 7.90 cm TL could
not be collected as a result of possible conditions,
including the outcomes of the selectivity of the fishing
gears, the inability of the fishermen to reach where the
smaller size were (Hossain et al., 2012a; 2016b), the
indiscriminate killing of fry and fingerlings (Rema Devi
and Ali, 2013), or because of the spawning season
(Rahman, 2005). In the present study, the maximum length
found of the L. bata was 25.2 cm TL, which is lower than
the maximum documented value of 61.0 cm TL (Talwar
and Jhingran, 1991). Maximum length is important for
estimating the asymptotic length and the growth coefficient
of fishes (Azad et al., 2018; Hossain et al., 2012b; Hossen
et al., 2016; Nawer et al., 2017).
The accepted range of the b value is 2.5-3.5 (Froese,
2006). In the present study, all the b values for different
LWRs were within this limit (2.95-3.14).
According to Tesch (1971), when the b value is close to
3, it signifies that the fish grow isometrically. The 3.0
signifies an allometric growth, (>3 means positive
allometric, and <3 means negative allometric). In this
stud y, the b values for TL vs. BW relationships
were >3.00 (3.08-3.14) indicating a positive allometric
growth for males, females and the combined sexes of L.
bata in the Ganges River, NW Bangladesh. Hossain et al.
(2016a) reported positive allometric growth for the L. bata
of the Ganges River, which is similar with the present
findings regarding the TL vs. BW relationships. Naeem et
al. (2012) reported negative allometric growth (b = 2.92 for
combined sexes) for the same species in the Head Panjnad
in Pakistan (see Fig. 5), which were inconsistent with the
findings in this study. However, the differences in the b
values may be attributed to the habitat condition, seasonal
effects, degree of stomach fullness, gonad maturity, sex,
fish health, preservation techniques, and differences in the
observed length (Hossain et al., 2006b, 2013a, b, 2014;
Tesch, 1971), which we did take into consideration during
the study.
All LLRs were highly significant (p<0.001), and most
of the r2 values were ≥0.992 and were dissimilar with the
results of Naeem et al. (2012). Such variations arise
because of differences in the ecological conditions of the

habitats, or as a result of the variation in the physiology of
animals (Le Cren, 1951), or because the length ranges and
the sampling times were not similar.
In the current study, four condition factors (K A , K F ,
K R and W R ) were used to know the physical and
environmental conditions of the L. bata in the Ganges
River. The Spearman Rank Correlation Test illustrated
that only K F is strongly correlated with TL and BW for
both sexes (Table 5) indicating that the Fulton′s Condition
Factor (K F ) is the best biometric index for establishing the
welfare of L. bata in the Ganges River and the adjacent
ecosystems. Because this is the first assessment of the
condition factor for the L. bata, it was not possible to
compare the findings of this study with other findings from
the same habitat or elsewhere.
The W R helps to assess the overall health and fitness, as
well as the population-level responses to the ecosystem
disturbance (Rypel and Richter, 2008). In the present
study, according to the Wilkoxon Sign Ranked Test, the
W R showed no significant differences from 100 for both
males and females indicating that the population of the L.
bata in the Ganges River ecosystem is in an equilibrium
state with the availability of food and a lower numbers of
predators. However, the lack of available information in
t h e literature dealing with the W R of the L. bata limits
the comparison of the findings reported in this study to
other research findings.
In this study, the a3.0 for both the male and female
populations of L. bata was 0.0108. The a 3.0 can be used to
verify whether the body profile of individuals in a
particular population is considerably different from others
(Froese, 2006).
Also, the L m for male and female L. bata populations
was 14.12 cm and 14.60 cm in TL, respectively. Studies
on L m for Bangladeshi freshwater fishes are very rare
(except Azadi and Naser, 1996; Hossain et al., 2010;
2012c; 2016b,c; 2017). The L m is broadly used as an
indicator for minimum allowable capture size (Lucifora et
al., 1999). This research presents the first attempt to
determine the Lm for the L. bata of the Ganges River.
Hopefully this will be the foundation for more detailed
studies to investigate the factors affecting the first sexual
maturation and spawning size.
The M w for the population of the L. bata was estimated
0.86 year-1 in the Ganges River, NW Bangladesh. Since
this is the first assessment of the M w for this species, it was
not possible to compare the findings with other studies.
Therefore, further studies are recommended to find out the
reasons of mortality of this species in the future.
5. Conclusion
The present work is the first of its kind to provide
fundamental information on the wild population of the L.
bata, including sex ratio and length-frequency distribution,
length-weight and length-length relationships, condition
factors (allometric, Fulton's, relative and relative weight),
form factor, first sexual maturity and natural mortality.
The findings of this study would be a baseline for
developing and controlling the L. bata exploitation, to
achieve an effective and sustainable management of this
fishery in the Ganges River of NW Bangladesh, as well as
in other subtropical countries.
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Abstract
This study investigated the potential of orange albedo, an agro-industrial waste, as a suitable substrate for the production of
gibberellic acid (GA) through submerged fermentation using Fusarium moniliforme ATCC 10052 and Aspergillus niger
CBS 513.88 due to the high cost of synthetic and plant-extracted GA. The orange fruits were washed and the albedo
removed. The albedo was dried, ground, and its proximate composition was determined. The ground orange albedo was
incorporated into a modified CzapekDox medium and was fermented using the test fungi. Carboxymethyl cellulose (CMC)
served as control. Fermentation conditions were: pH 5.5; inoculum size, 1 mL (5 x 105 CFU/mL F. moniliforme) (2 x 106
CFU/mL A. niger); substrate concentration 2 g; temperature 25±2 °C for seven days. Fermentation was optimized by
supplementation with copper sulphate and variation of fermentation conditions. Results of proximate analysis were: moisture
7.46%; crude protein 4.69%; lipids 0.62%; ash 2.41%; crude fibre 27.67%; and carbohydrate 57.15%. GA yield by F.
moniliforme and A. niger on the orange albedo substrate was 5.53 g/L and 6.33 g/L respectively. This increased to 9.39 g/L
by F. moniliforme and 7.42 g/L by A. niger after optimization. These results support the suitability of orange albedo as a
promising cheap substrate production of GA.
Keywords: Orange albedo, gibberellic acid, fermentation, Aspergillus niger, Fusarium moniliforme, fruit waste

1. Introduction
Gibberellins are isoprenoid phytohormones which play
important roles in early germination processes of plants by
activating enzyme production and mobilizing storage
reserves (Rademacher, 2016). Gibberellic acid (GA) is one
of the most important members of the gibberellins due to
its industrial and agricultural applications (Rodrigues et
al., 2009). Over 120 members of this group of
phytohormones have been identified and structurally
characterized using chemical and spectroscopic methods
(Macmillan, 2002). Among the gibberellins, the ones that
have been reported as bioactive are GA 1 , GA 3 , GA 4 , and
GA 7 . The biologically-inactive gibberellins occur in plants
as precursors for the synthesis of the bioactive ones
(Yamaguchi, 2008). Gibberellic acid (gibberellin A 3 or
GA 3 ) is one of the most important members of the
bioactive gibberellins due to its industrial and agricultural
applications (Ates et al., 2006).
Gibberellic and abscisic acids are endogenous growthregulating hormones which control the breaking of seed
dormancy to germination alongside other factors such as
light, temperature, moisture, and nutrients (Gupta and
Chakrabarty, 2013). While GA stimulates seed
*

germination, abscisic acid on the other hand, is concerned
with the establishment and maintenance of dormancy. GA
has been used extensively for the promotion of crop yields,
resistance to pest, alleviation of plant stress, reduction in
fruit spoilage and the reduction in flowering times of
ornamental plants (Barani et al., 2013; Akter et al., 2014;
Alrashdi et al., 2017; Alvarenga et al., 2017). However, its
high cost has restricted its application to the growthpromotion of plants with high economic values. While GA
can be isolated from some tissues in plants, it is a difficult
process often marked by poor yields which may be as low
as 38 mg/tonne of plant tissue (Mander, 2003). In a similar
manner, the production of gibberellins through chemical
synthesis is very complicated and unprofitable for
industrial applications (Rademacher, 2016). Research has
been geared to finding wider GA applications in
agriculture and plant biotechnology (Shukla et al., 2005;
Da Silva et al., 2013). Hence, there is a need to utilize
cheap substrates for the production of GA.
Oranges (Citrus sinensis) are grown in more than 125
countries, and the worldwide production for 2016/17 was
estimated at 50.2 million tonnes (USDA, 2017). Apart
from fruit-processing industries, oranges are also
consumed for their fleshy fruit and juice, after which the
peel and albedo are discarded into the environment. Citrus
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peel waste comprises about 50% of the fresh weight of the
fruit (Rodriguez-Fernandez et al., 2011). The orange -juice
processing industries produce significant volumes of
wastes made up of soluble and insoluble carbohydrates
(Zhou et al., 2011). The disposal of fruit wastes poses
considerable environmental and economic problems
(Bezalwar et al., 2013). However, the utilization of these
wastes for fermentation purposes will not only reduce their
potentially deleterious effects on the environment, but will
also serve as cheap carbon sources for the industrial
production of value-added products (Rivas et al., 2008,
Torrado et al., 2011; Omojasola and Benu, 2016).
Industrially, GA is produced largely by a submerged
fermentation technique using Gibberella fujikuroi
(renamed Fusarium fujikuroi), the perfect stage of
Fusarium moniliforme (Bruckner and Blechschmidt, 1991;
O’Donnell et al., 1998; Santos et al., 2003). Other methods
of GA production, which include the chemical synthesis
and extraction from plants, are not economically feasible
(Sleem, 2013). While solid-state fermentation has been
reported to have a potential for higher yields, lower energy
consumption, reduced risk of bacterial contamination,
lower catabolic repression, and lesser environmental
impacts (Viniegra-Gonalez et al., 2003; Torrado et al.,
2011; Rangaswamy, 2012; Zhang et al., 2015), however, it
is difficult to monitor the fermentation parameters such as
pH, inoculum concentration, nutrient composition,
dissolved oxygen composition and fermentation time, and
to optimize them using solid-state fermentation (Kumar et
al., 2011). In addition, submerged fermentation allows an
easier purification of the product (Subramaniyam and
Vimala, 2012).
Some other microorganisms that have
been found to produce GA include: Aspergillus niger,
Azospirillum, Azotobacter, Bacillus spp. and Pseudomonas
spp. (Rademacher, 1994; Cihangir, 2002; Ates et al., 2006;
Karacoç and Aksöz, 2006; Ambawade and Pathade, 2015).
A variety of agro and fruit wastes have been utilized in the
production of organic acids using submerged and solidstate fermentation such as pineapple peel, sugarcane
baggasse, banana peel to produce citric acid (Kareem and
Rahman, 2013; Omojasola et al., 2014), cashew apple
juice and corn cob to produce oxalic acid (Betiku et al.,
2016; Mai et al., 2016), Jatropha seedcake, sweet potato
peel to produce itaconic acid (El Imam et al., 2013;
Omojasola and Adeniran, 2014) Shea nut shell, citric pulp,
soy bran, soy husk, cassava bagasse and coffee husk to
produce GA (Rodrigues et al., 2009; Kobomoje et al.,
2013).
To our knowledge, there is a dearth of data on the
suitability of orange peel wastes for the production of GA .
Hence, the primary aim of the current work was to study
the suitability of orange albedo as a substrate for the
production of GA by F. moniliforme and A. niger.
2. Materials and Methods
2.1. Collection of Samples and Test Organisms
The oranges (Citrus sinensis) were procured from the
Ipata Market in Ilorin in Kwara State, Nigeria (with
coordinates 8.99897 N, 4.561369 E) in November of 2016.
The orange fruits were authenticated at the Herbarium Unit
of the Department of Plant Biology at the University of

Ilorin, with voucher specimen number UILH/001/996. The
microorganisms used for the fermentation were Fusarium
moniliforme ATCC 10052 and Aspergillus niger CBS
513.88 obtained from the Microbial Culture Collection of
the Department of Microbiology at the University of Ilorin
in Nigeria. They were maintained on PDA slants at 4°C to
be used later.
2.2. Substrate Preparation
The orange fruits were washed with clean water to
remove dirt; after which they were peeled, taking care
while separating the peel from the albedo. The albedo was
then air-dried for seven days. It was thereafter ground into
fine particles (1 mm particle size) by an electric blender
(Binatone BLG 699). Then it was stored in a cool and dry
place to avoid moisture uptake (Nandini et al., 2014).
2.3. Proximate Analysis
The proximate analysis of the substrate was carried out
using standard procedures. The parameters investigated
were moisture content (Bradley, 2010), lipid, crude fibre,
ash, crude protein and carbohydrate contents (AOAC,
1990, 2002).
2.4. Spore Suspension
Fungal spore inoculum was produced by washing
spores of a fully-sporulated (7-day old) Potato Dextrose
Agar (Difco) slant of each test fungus with 10 mL of
sterile distilled water in sterile 250 ml Erlenmeyer flasks.
The flasks were then agitated at 150 rpm for thirty minutes
for uniform dispersal of spores (Omojasola and Benu,
2016) and adjusted approximately to 5.0 x 105 CFU/mL
and 2.0 x 106 CFU/mL for F. moniliforme and A. niger
respectively. The size of the inoculum was determined by
counting using the improved Neubauer haemocytometer.
2.5. Fermentation Media
The fermentation medium was a modified CzapekDox
broth using the method of Rangaswamy (2012) with
replacement of sucrose with orange albedo substrate. The
fermentation medium was compounded by adding 2 g of
substrate to 100 mL of mineral salts medium. The
composition of the mineral salts in 1 litre of water was
NaNO 3 (3g), K 2 HPO 4 (1g), MgSO 4 .7H 2 O (0.5g), KCl
(0.5g), and FeSO 4 (0.01g). The fermentation medium was
sterilized by autoclaving at 121 °C before use.
2.6. Submerged Fermentation
The test organisms were drawn separately from the
spore suspension, and each was inoculated into 100 mL of
sterile fermenting medium. The fermentation was carried
out at 25±2 oC on a rotary shaker (LH Fermentation,
Model Mk V orbital shaker) at 150 rpm for seven days.
The final pH was adjusted using 2M NaOH or 1M HCl.
The GA production was monitored every twenty-four
hours.
2.6.1. Optimization of GA Production
The optimization experiments were conducted varying
the
following
parameters:
fermentation
period
(fermentation was allowed to continue till GA yield began
to drop); pH (4.5 - 5.5); inoculum size (1.0 – 2.0%);
substrate concentration (1.0 – 3.0g).
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2.6.2. Media Supplementation

3. Results

The effect of copper sulphate (CuSO 4 ) supplementation
on GA production was evaluated. Three concentrations of
CuSO 4 (0.02% w/v, 0.05% w/v, and 0.08% w/v) were
added to different fermentation media (Chinedu et al.,
2011), and the fermentation proceeded under the same
conditions as the non-supplemented cultures.

The proximate analysis of the orange albedo substrate showed that
it contained 7.46% moisture, 4.69% crude protein, 0.62% lipid,
2.41% ash, 27.67% crude fibre and 57.15% carbohydrate (Table
1).

2.6.3. Assay of GA

Table 1. Proximate composition of orange albedo.

This was estimated in the supernatant of fermentation
media by spectrophotometrically (Searchtech 752N UVVIS) using a modified method described by Berrios et al.
(2004) at 254 nm. The amount of gibberellic acid was
calculated from the standard curve obtained by dissolving
0.4 g in absolute alcohol, and diluted to 100 ml in a
volumetric flask with absolute alcohol. Each series of data
obtained from the spectrophotometric measurement was
fitted by linear regression analysis using GraphPad Prism
software. The calibration graph obtained was used for the
determination of the concentration of gibberellic acid with
interpolated values after entering the obtained figures of
absorbance.
2.6.4. Recovery of GA
GA was recovered from the fermentation media using
methods described by Rachev et al. (1993), and Ates et al.
(2006). The fermentation broth was filtered to separate the
mycelia from the media. The filtrate was then adjusted to
pH 2 - 2.5 with 2 N HCl, and extracted with ethyl acetate
(ratio 1:3, filtrate to solvent). The ethyl acetate phase was
treated with activated charcoal 1:1.33% (w/v), and refiltered to remove the activated charcoal. The ethyl acetate
phase was extracted with equal volume of saturated
NaHCO 3 to separate the GA from other organic
impurities. This was further acidified to pH 2.5 with 2 N
HCl; re-extracted, dried over anhydrous Na 2 SO 4 and
concentrated to about 2% of its initial volume using a
rotary evaporator. The concentrate was kept at 8oC for
crystallisation.
2.7. Data Analysis
Statistical significance was determined using the oneway analysis of variance (ANOVA) and two-way
ANOVA, while multiple comparisons between means
were determined by Tukey's or Sidak’s multiple
comparisons test. Analysis was performed using GraphPad
Prism software (GraphPad Software Inc. La Jolla, CA,
USA), and SigmaPlot for Windows (version 10.0)
(SysStatSoftwares Inc.). All data are expressed as means
of triplicates ± SEM or SD, and values of (p<0.05) were
considered significant, and ‘n’ represented independent
experiments.

3.1. Proximate Analysis

Moisture
Content
(%)

Crude
Protein
(%)

Lipid
Content
(%)

Ash
Content
(%)

Crude
Fibre
(%)

Carbohydrate
(%)

7.46±0.02 4.69± 0.18 0.62±0.01 2.41±0.14 27.67±0.45 57.15±0.98

Values represented are means of triplicates ±SEM

3.2. Pre-optimization of GA Production
The GA production by F. moniliforme peaked at 5.53 ±0.02 g/L
on Day 6, while the maximum yield by A. niger 6.30 ±0.01 g/L
was on day five (Table 2). The CMC control produced
significantly lower (p<0.05) yield than the OA substrate. F.
moniliforme and A. niger produced 3.62 ±0.01 g/L and 2.61 ±0.07
g/L of GA respectively when CMC was used as substrate.
Table 2. Production of gibberellic acid by submerged
fermentation of orange albedo using Fusarium moniliforme and
Aspergillus niger..
Gibberellic acid (g/L)
Time

Fusarium moniliforme

(Days) Orange
albedo

Aspergillus niger

CMC
(Control)

Orange
albedo

CMC

1

0.48±0.05a

0.14±0.01b

2.42±0.01a

0.03±0.01b

2

b

0.90±0.12

a

0.91±0.02

a

2.80±0.01

0.15±0.01b

3

2.50±0.61a

1.73±0.01a

4.15±0.02a

0.82±0.02b

4

b

1.67±0.80

a

3.62±0.01

a

4.10±0.16

1.24±0.11b

5

2.22±0.01a

1.88±0.04b

6.30±0.01a

2.61±0.07b

6

a

5.53±0.02

b

1.78±0.02

a

3.73±0.01

2.54±0.01b

7

5.25±0.13a

2.63±0.03b

4.07±0.17a

1.46±0.03b

(Control)

Values represented are means of triplicates ±SEM of amount of
gibberellic acid. Means with the same superscript in a column are
not statistically different from each other (F. moniliforme and A.
niger were compared separately)

3.3. Optimization of GA Production
To optimize the GA yield, fermentation parameters
such as time, pH, inoculum size and substrate
concentration were varied.
3.3.1. Effect of Varying Fermentation Time
The GA yield by F. moniliforme peaked on the day six
of fermentation (5.5 ±0.03 g/L); however, there was no
significant difference (p<0.05) in the yields on day six and
seven. The highest GA yield of 6.3 ±0.09 g/L by A. niger
was recorded on day five (Figure 1). Generally, the yields
from the OA substrate were higher than the CMC control.
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3.3.4. Effect of Varying Substrate Concentration
6

7

Fusarium moniliforme
6
OA
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5
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1

2
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4

5
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7

Time (Days)

Figure 1. Effect of varying fermentation time on gibberellic acid
production by F. moniliforme and A. niger using orange albedo.
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0

1

F. moniliforme produced the highest GA yields at pH
5.0 (12.96 ±0.03 g/L) significantly higher than preoptimization yields (Figure 1). The lowest peak yield of
5.53 ±0.03 g/L was at pH 5.5. For A. niger, pH 5.5
recorded the highest yield of 6.30 ±0.98g/L, while the
lowest peak yield of 2.62 ±0.02 g/L was recorded at pH
4.5 (Figure 2).
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6

pH4.5
pH5.0
pH5.5

8
6
4

4
3
2

2

1

0

0

1

pH4.5
pH5.0
pH5.5

5
Gibberellic acid (g/L)

10
Gibberellic acid (g/L)

7

2

3

4

5

6

1

7

2

3

4

5

6

7

3.3.3. Effect of Varying Inoculum Size
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The yields of gibberellic acid obtained after
supplementation with different concentrations of CuSO 4
recorded highest GA yields of 5.86 g/L on day seven by F.
moniliforme using 0.08% CuSO 4 and 6.33 g/L on day five
by A. niger also with 0.08% CuSO 4 supplementation
(Table 3). It was also observed that there were no
significant differences in the yields obtained at 0.02% and
0.08% on day seven for F. moniliforme and all the
concentrations used on day five for A. niger (Table 3).

Gibberellic acid (g/L)

(Days) Fusarium moniliforme

0.74± 0.70± 0.70± 0.48±
a

0.11
2

3

7

3

4

5

6

7

Time (Days)

Figure 3. Effect of varying inoculum size on gibberellic acid yield
using F. moniliforme and A. niger grown on orange albedo.
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Figure 4. Effect of varying substrate concentration on gibberellic
acid yield using F. moniliforme and A. niger grown on orange
albedo.
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The highest GA yield was recorded using 2% inoculum
for both fermenting organisms. The yield of F.
moniliforme was 15.96 ±0.04 g/L and A. niger 10.74 ±0.04
g/L (Figure 3). The yield by F. moniliforme was the
highest yield in this study and was significantly higher
(p<0.05) than pre-optimized yields.
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Figure 2. Effect of varying pH on gibberellic acid yield using F.
moniliforme and A. niger grown on orange albedo
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Table 3. Gibberellic acid production by F. moniliforme and A.
niger grown on orange albedo supplemented with different
concentrations of copper sulphate.
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Peak yields of GA were obtained at substrate
concentration of 3 g for both F. moniliforme and A. niger.
F. moniliforme yielded 9.47 ±0.09g/L, while A. niger
yielded 10.78 ±0.08 g/L (Figure 4). These yields were also
significantly higher than pre-optimized yields.
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Values represented are means ±SD of amount of Gibberellic acid.
Means with the same superscript across a column are not
statistically different from each other (F. moniliforme and A.
niger were compared separately)
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3.3.6. Optimized Production of GA
The GA yield under optimized conditions recorded
9.39 ±0.16 g/L by F. moniliforme and 7.42 ±0.02 g/L by A.
niger both on day six of fermentation (Table 4). These
were significantly higher (p<0.05) than the peak yields
obtained from the CMC control under the same optimized
conditions. These yields were higher than those from the
pre-optimized fermentations which were 5.53±0.02 g/L
and 6.30±0.01 g/L by F. moniliforme and A. niger
respectively (Table 2). In addition, F. moniliforme
produced higher amounts of GA, although not significant
(p<0.05) than A. niger under optimized conditions.
Table 4. Production of gibberellic acid by submerged
fermentation of orange albedo using Fusarium moniliforme and
Aspergillus niger under optimized conditions.
Gibberellic acid (g/L)
Time Fusarium moniliforme
(Days)
Orange
CMC
albedo
(Control)
1
1.55±0.03a
0.91±0.03b

Aspergillus niger
Orange
albedo
1.72±0.02a

CMC
(Control)
1.31±0.03b

2

4.19±0.02a

2.75±0.03b

3.81±0.01a

1.81±0.03b

3

a

5.26±0.03

a

5.25±0.02

a

4.35±0.06

2.21±0.03b

4

5.64±0.03a

5.56±0.06a

3.84±0.03a

2.39±0.03b

5

b

5.48±0.01

a

6.84±0.06

a

5.60±0.02

3.45±0.04b

6

9.39±0.16a

7.03±0.04b

7.42±0.02a

4.28±0.04b

7

a

b

a

1.85±0.03b

8.95±0.05

3.80±0.09

3.80±0.01

Values represented are means ±SEM of gibberellic acid produced.
Means with the same superscript in a row are not statistically
different from each other (F. moniliforme and A. niger were
compared separately)

4. Discussion
Fruit wastes constitute part of the most abundant and
locally-available agricultural wastes containing high
carbohydrate content, which serve as fermentable substrate
for microorganisms (Bezalwar et al., 2013). The proximate
analysis of the OA substrate showed that it contained
57.15% carbohydrate, 27.67% crude fibre, 4.69% crude
protein, 0.62% lipids, 7.46% moisture and 2.41% ash
(Table 1). This is within the range reported by other
workers which have shown OA to contain between 40-64
% carbohydrate, 2-9% protein, 17-35% crude fibre and
0.85 – 13.4% ash (Oikeh et al., 2013; M’Hiri et al., 2015;
Taha et al., 2015; Hassan et al., 2016; Romelle et al.,
2016). The high carbohydrate content constituted a good
carbon source for the growth of the fermenting organisms.
In addition, the amount of carbohydrate relative to protein
gave a high C/N ratio which is recommended for a good
GA production (Kumar and Lonsane, 1989). The
production of gibberellins starts during fermentation when
nitrogen is depleted in the medium, and continues when
enough carbon is available in the substrate (Escamilla et
al., 2000). Nitrogen repression is a well-known regulatory
principle for secondary metabolite formation (Munoz and
Agosin, 1993). A good substrate should provide sufficient
nutrients for the initial mycelial growth of the fermenting
fungi in a nitrogen-limited but balanced medium
(Rodrigues et al, 2009). This substrate with 57.15%
carbohydrate and 4.69% protein fits this criterion. The
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presence of lipids in the OA is beneficial. Kawanabe et al.
(1983) and Tudzynski (1999) reported that the
biosynthesis of GA is based on acetate and follows the
isoprenoid pathway. Therefore, plant oils are inert for
catabolite repression. They also provide a pool of acetyl
CoA, and may yield precursors for GA biosynthesis.
The highest GA yield by F. moniliforme and A. niger
on OA before optimization was 5.53 g/L and 6.30 g/L
respectively with A. niger showing higher productivity
(Table 2). These differences in yields were statistically
significant (p<0.05). This yield was higher than 680 mg/L
reported by Muddapur et al. (2015) using Fusarium sp.;
2.86 g/L by G. fujikuroi (Escamilla et al., 2000); 0.7 g/L
by G. fujikuroi (Lale et al., 2006); 1.82 g/L by F.
moniliforme (Kobomoje et al., 2013); 2.8g/L by F.
moniliforme (Pastrana et al., 1993); and 460.06 mg/L by
G. fujikuroi reported by Cuali-Alvarez et al. (2011).
However they were lower than 11.3 g/L by F. moniliforme
(Bilkay et al., 2010) and 15 g/L and 32.8 g/L reported by
Rangaswamy (2012) and Omojasola and Benu (2016) on
Jatropha seedcake using F. moniliforme and A. terreus
respectively. The various differences in the GA yields may
be attributed to the differences in the conditions of
fermentation, substrates and fermenting organisms. F.
moniliforme and A. niger that were used for fermentation
in this study are highly cellulolytic (Dashtban et al., 2009)
and efficient in the utilization of the cellulosic substrate.
Physiological factors often determine the outcome of the
fermentation process, and may influence the yield of GA
(Kahlon and Malhotra, 1986; Karakoc and Aksoz, 2006).
In studying the effect of time on the GA yield, it was
observed that GA production commenced on day one of
fermentation (Figure 1). This correlates with the
observation of Ates et al. (2006) and Lale and Gadre
(2010) who also recorded GA yields within the first
twenty-four hours of fermentation. However, it is contrary
to some findings that GA was recorded about forty-six
hours after the commencement of fermentation following
nitrogen depletion in the medium (Escamilla et al., 2000;
Rodrigues et al., 2009; Rios-Iribe et al., 2011). The early
onset of GA production may be attributed to the small
amounts of protein in the OA substrate leading to its
speedy exhaustion (Shukla et al., 2005; Sleem, 2013). GA
production peaked on day six for F. moniliforme and day
five for A. niger (Figure 1). Peak GA yields have reported
between days 4-8 for F. moniliforme (Kumar and Lonsane,
1990; Meleigy and Khalaf, 2009; Rangaswamy, 2012;
Omojasola and Benu, 2016) and days 6-12 for A. niger
(Bilkay et al., 2010).
It was observed that the GA yield was highest at pH 5.0
and 5.5 for F. moniliforme and A. niger respectively
(Figure 2). This agrees with the works of other researchers
who also observed peaks in GA yields at similar pH ranges
(Qian et al., 1994; Shukla et al., 2005; Bilkay et al., 2010;
Kobomoje et al., 2013). Borrow et al. (1964) observed that
GA production decreased when pH was outside the range
of 3.0-5.5 in a stirred culture. The pH is considered one of
the most important factors on biomass and yield because
of its great influence on the physiological activities of the
fermenting organisms (Sleem, 2013).
Maximum GA yields were observed when 2%
inoculum of both F. moniliforme and A. niger were used
for the fermentations (Figure 3). However, statistical
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comparisons of means showed no significant differences
(p<0.05) between the peak yields obtained when 1.5% and
2% inoculum of F. moniliforme; and 1% and 1.5%
inoculum of A. niger were used. The use of sufficient
inoculum for fermentation purposes is important as
inadequate inoculum may lead to reduction in biomass and
GA production, while excessive inoculum can also lead to
low yields resulting from overpopulation and subsequent
competition for available nutrients by the fungi
(Omojasola and Benu, 2016).
The highest GA yields were recorded at 3 g substrate
concentration for both fungi (Figure 4). A balanced
amount of substrate is necessary for a good GA
production. GA is a secondary metabolite produced in the
log/stationary phase of growth. Low glucose concentration
(< 4%) is required for GA production and maintenance of
biomass in the production phase (Kumar and Lonsane,
1989), meanwhile GA biosynthesis is suppressed by high
amounts (>20%) of glucose (Bruckner, 1992).
Supplementation of the fermentation media with
different concentrations of copper sulphate appeared to
show negligible and no significant difference (p<0.05) in
GA yield (Table 3). This observation differs from the
report of Arakaki et al. (2011), who found improved
biomass production in yeasts grown under submerged
fermentation when CuSO 4 was incorporated. The inability
of the supplement to increase GA production may be
because it is not essential in the normal physiological
activities of both F. moniliforme and A. niger, especially
with respect to the production of GA.
After the optimization experiment, the peak production
of GA by F. moniliforme and A. niger, was observed on
day six of the fermentation (Table 4). This is in tandem
with Meleigy and Khalaf (2009) and Omojasola and Benu
(2016) who reported GA production by F. moniliforme and
A. niger respectively to be optimum on day six of the
fermentation. In contrast to the pre-optimized
fermentations, F. moniliforme showed higher productivity.
Generally, the optimization of fermentation conditions
provided significantly (p<0.05) higher yields compared to
pre-optimization. The optimized yields obtained on OA by
F. moniliforme and A. niger were 9.39 g/L and 7.42 g/L
respectively; corresponding to a 69.8% and 17.78%
increase respectively. These results are consistent
favorably with those of Ates et al. (2006) who reported
GA yields 13.0 mg/100 mL and 16.0 mg/100 mL by G.
fujikuroi and A. niger respectively, which increased to 17.5
mg/100 mL and 20.5 mg/100 mL respectively after the
optimization using silicone oil. The % GA recovery from
the fermentation medium was 5.6% equaling 56.0 mg of
GA per g of OA substrate fermented.
5. Conclusion
The production of GA through submerged fermentation
of OA by Fusarium moniliforme ATCC 10052 and
Aspergillus niger CBS 513.88 is described in this study.
The results indicate that orange albedo (OA) is a cheap and
readily available substrate for the production of GA.
Yields of GA produced by F. moniliforme and A. niger
were 9.39 g/L and 7.42 g/L respectively. However, in the
optimization experiments, yields of 15.97 g/L and 10.74
g/L were produced by F. moniliforme and A. niger

respectively, which are among the highest reported in
literature demonstrating that the OA substrate can be used
for the efficient production of GA. This indicates that high
yields are dependent on the use of appropriate physical and
nutritional conditions during fermentation. It can be
concluded that Fusarium moniliforme ATCC 10052 and
Aspergillus niger CBS 513.88 can be employed on a large
scale in the production of this valuable acid using the agrowaste of OA, which will also help reduce the
environmental pollution.
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Abstract
The use of botanicals as alternatives to synthetic insecticides offers a more environmentally friendly method of insect
control. The current study evaluated the toxic effects of the essential oils, aqueous and methanolic extracts of Piper nigrum
(black pepper) and Curcuma longa (turmeric) extracts on the larvae, pupae and adults of Anopheles gambiae. The moulded
insecticidal coils and essential oils of the plants were used to determine adults’ repellence in the laboratory. The essential
oils were most effective against A. gambiae larvae showing 100% mortality for both P. nigrum and C. longa with LC 50
values of 15 and 149 ppm for P. nigrum and C. longa, respectively. The methanolic extracts had LC 50 value of 27 and 214
ppm for P. nigrum and C. longa, respectively. Maximum (100%) concentration of the essential oils of C. longa and P.
nigrum oils gave 95.7% and 95.3% protection, respectively. The insecticidal coil (100% concentration) of P. nigrum and C.
longa, showed 76.7% and 70% knockdown action on the adult mosquitoes respectively. Therefore, P. nigrum and C. longa
can serve as repellents against A. gambiae, and can be used in integrated vector management control programs.
Key words: Piper nigrum extracts, Curcuma longa extracts, Botanicals, Anopheles gambiae, Plant extracts, Insecticidal coils.

1. Introduction
Malaria, the leading cause of morbidity and mortality
in Nigeria, causes about 1-2 million deaths (mostly
amongst pregnant women and children under five years)
annually in Africa (Breman, 2001; Muriu et al., 2013). In
south-eastern Nigeria, Anopheles gambiae Giles (Dip.,
Culicidae) is the major malaria transmitting vector,
followed by A. funestus (Uneke and Ibeh, 2009).
Vector control is an essential component of malaria
prevention. Such control has been proven to successfully
reduce or interrupt malaria transmission when coverage is
sufficiently high (Innocent et al., 2014). The two cores,
broadly applicable measures for malaria vector control are
long-lasting insecticidal nets and indoor residual spraying
(WHO, 2006). The burden of malaria is worsened by
mosquito resistance to synthetic insecticides (Guinovart et
al., 2006; Ranson and Lissenden, 2016), and malaria
parasites’ resistance to antimalarial drugs (Muriu et al.,
2013; Raj et al., 2014; Ashley et al., 2014)
The problem of high cost and development of
resistance in many mosquito species to several synthetic
insecticides has revived interest in the use of botanicals as
insecticides (Grainge and Ahmed, 1988). These bioactive
chemicals may act as insecticides, antifeedants, moulting
hormones, oviposition deterrents, repellents, juvenile
*
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hormone mimics, growth inhibitors, antimoulting
hormones, and attractants (Adewoyin et al., 2006).
Botanicals as an alternative to synthetic insecticides in
controlling mosquitoes, offer a more environmentally
friendly method of insect control (Irungu and Mwangi,
1995). Apart from being of low mammalian toxicity and
degradability, most insects find it difficult to resist the
toxic effects of botanicals. Various plant species have been
exploited, throughout the world, to control the mosquito
populations (Muthukrishnan et al., 1997). Piper nigrum L.
(black pepper) of the family Piperaceae, often called the
‘King of Spices’, is a universal table condiment used to
flavour all types of cuisines worldwide (Mathew et al.,
2001). The spicy taste can be attributed mainly to the
presence of the compound Piperine which is a pungent
alkaloid (Tripathi et al., 1996) that enhances the
bioavailability of various structurally and therapeutically
diverse drugs (Khajuria et al., 2002). It also contains small
amounts of safrol, pinene, sabinene, limonene, caryophyllene and linaonol compounds. Black pepper is also an
important traditional medicine used to treat asthma,
chronic indigestion, colon toxins, obesity, sinus,
congestion and fever, intermittent fever, cold extremities,
colic, gastric ailments and diarrhoea (Balasubramanian et
al., 2016). The plant has been credited with interesting
pesticidal properties against insect pests (Maenthaisong et
al., 2014; Custódio et al., 2016; Samuel et al., 2016).
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Curcuma longa (Turmeric), of the family
Zingiberaceae, is one of most essential spices used all over
the world particularly in the countries of the east
(Ravindran, 2007). It is a deep yellow-to-orange powder
that comes from the underground stems of the tropical
perennial herb. Primarily, phenolic compounds and
terpenoids have been identified from this spice (Li et al.,
2011). The plant has been credited with interesting
pesticidal properties against insects and fungi of
agricultural significance, including repellent properties
against mosquito species (Ali et al., 2015; Tisgratog et al.,
2016).
The aim of this study is to look for a more
environmental friendly way, and a cheap, and readilyavailable effective method to control A. gambiae. This
research was, therefore, carried out to investigate the
efficacy of the essential oils, crude aqueous extracts and
methanolic extracts of P. nigrum and C. longa against
larvae, pupae and adult stages of A. gambiae.
2. Materials and Methods
2.1. Collection and Preparation of Test Materials
The seeds of P. nigrum and fresh rhizomes of C. longa
were purchased from local markets in Lagos Nigeria. The
P. nigrum seeds were dried for ten days at room
temperature, then powdered using a Binatone blender. The
C. longa rhizomes were cut into smaller pieces and dried
for ten days before being grinded with blenders. The
powders were sieved using a mesh size of 0.05 mm2 to get
a fine powder stored in amber bottles on the laboratory
shelf for later use.
2.2. Preparation of Extracts
Crude aqueous extracts were obtained by separately
dissolving fifty g of P. nigrum and C. longa powder in 500
ml of distilled water leaving them for twenty-eight hours.
The liquid extracts were carefully collected by manually
squeezing the soaked powder out. Then they were kept in
amber bottles in a refrigerator to retain the potency of its
active components for future use. The same method was
adopted in the preparation of methanolic extract only that
methanol was used in the place of distilled water. Essential
oil was obtained by the hydro-distillation process using the
Clevenger apparatus of the Department of Chemistry at
Lagos State University in Ojo Lagos, Nigeria. Three
replicates of 200 g of powdered P. nigrum and C. longa
were separately introduced into the apparatus. The
concentration of the P. nigrum was 1.75%, while that of
the C. longa was 1.50%. The process lasted for three hours
each. Hexane was added in the process in order to make
the oil insoluble in water, and to demarcate the water from
the oil, and avoid evaporation. Oil was collected in amber
bottles and kept in the refrigerator to retain its potency
until needed. One ml of essential oil was dissolved in 0.3
ml of hexane, which was mixed in 100 ml of distilled
water to form a stock solution from which serial dilutions
were made. The larvae, pupae and adult mosquitoes were
obtained from a laboratory culture maintained in the
Department of Zoology and Environmental Biology of
Lagos State University, Lagos.

2.3. Bioassays and Test Procedures
Ten larvae of the second and third instar of A. gambiae
were introduced. Mortality rate was recorded after twentyfour hours. 50 ppm to 450 ppm serial dilutions (50, 100,
150, 200, 250, 300, 350, 400 and 450 ppm) were used for
turmeric, while 100 mL of distilled water served as a
control. Three replicates were set for each concentration.
The same procedure was carried out using a methanolic
extract.
A larva was classified dead if it did not move when
gently touched with the tip of moistened camel hairbrush,
or when found lying immobile at the bottom of the
container or not showing the characteristic diving reaction
when water is disturbed. Same procedures were used for
essential oils of the test plants on A. gambiae larvae.
Ten A. gambiae pupae were introduced into a
transparent plastic cup containing 100 mL of serial dilution
made from stock solution of aqueous extracts at various
concentrations ranging from 10 ppm to 90 ppm for black
pepper, and from 50 ppm to 450 ppm for turmeric extracts.
Mortality rates were recorded after twenty-four hours
using slandered units. Ten pupae in 100 mL of distilled
water in plastic cup served as control. Three replicates
were also set for each concentration. The same procedure
was carried out using a methanolic extract.
2.4. Preparation and Tests Using Insecticidal Coils
Ground fine plant powder and wood shavings were
used to mould coils of various concentrations ranging from
0% (control) to 100% (absolute plant powder mould). The
insecticidal coil is a smoke test used to check for the
repellent action of burnt plant extracts on mosquitoes.
Coils moulded into different concentrations were burnt in a
rectangular cage (measuring 59×44×45) containing twenty
adult mosquitoes. Three replicates were set for each
concentration with the wood shavings alone serving as the
control. The dried coil was lit and the number of dead
mosquitoes or those knocked down were counted and
recorded for thirty minutes.
2.5. Data Analysis
The data of different treatments and different
concentration of the same treatment were statistically
analyzed using Finney (1947) formula to correct for
mortality. The LC50, LC99, parameter estimates and chisquare values were calculated by using probit analysis
(Finney, 1947). Data obtained from larval mortality and
repellent activity were subjected to the analysis of variance
(ANOVA). The statistical software SPSS was used for
data analysis. Means were compared using Duncan’s
Multiple Range Test at 0.05% level of significance.
3. Results and Discussion
3.1. The Effect of Aqueous, Methanolic Extracts and
Essential Oil on Anopheles gambiae Larvae
The concentration of the extracts was positively
correlated with the mortality of the larvae. The correlation
was 0.84, 0.94 and 0.96 for essential oils, aqueous and
methanolic extracts of P. nigrum, respectively (Figure 1).
As for the C. longa, the correlation was 0.94, 0.97 and
0.98, respectively (Figure 2). After a twenty-four-hour
treatment, using 90 ppm concentration of P. nigrum, the
mortality rate of A. gambiae larvae was 100%, 90% and
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83.3% using essential oil, methanol and aqueous extracts,
respectively (Table 1). On the other hand, 450 ppm
concentration of C. longa gave 100, 86.7% and 76.7%
mortality rates, respectively (Table 2). There was no
mortality in the control treatment after twenty-four hours.
In almost all the concentrations of the botanicals used,
the essential oil was significantly more toxic and effective
on the mortality of larvae than the methanolic extract,
which was significantly (P<0.05) more toxic than the
aqueous extract (Tables 1 and 2). Moreover, 90 ppm of the
essential oils of P. nigrum gave 100% larval mortality after
twenty-four hours, while 450 ppm of C. longa gave the
same mortality rate using the same time. The LC 50 for the
essential oils of P. nigrum on A. gambiae larvae was 15.4
ppm, while that for C. longa was 148 ppm. Amer and
Mehlhorn (2006) reported larvicidal activity of P. nigrum
with LC 50 values between 10 and 105 ppm against A.
stephensi Liston, Ae. aegypti and Culex quinquefasciatus
after a twenty four-hour exposure. On the other hand,
Kalaivani et al. (2012) found the LC 50 of C. longa extract
to be effective against the larvae of Ae. aegypti at 115.6
ppm. Similar results by Srivastava et al. (2003) of the
aqueous and methanolic extract of Nerium indium lattices
against the C. quinquefasciatus showed that different
dilutions of the lattices delay the post embryonic
development of Culex larvae, and was 1.8 times more
toxic than the aqueous extract. Moreover, Akinneye and
Afolabi (2014) showed that the aqueous extract of
Cleisthopholis patens was relatively ineffective against the
larvae of Anopheles gambiaee. They concluded that the
ineffectiveness of aqueous extract may be attributed to the
fact that water was used for the extraction, and water is a
polar solvent. Fafioye et al. (2004) reported that the
ethanolic oil extracts of Parkia biglobosa and Raphia
vinifera were more potent against the juvenile of Clarias
gariepinus than the aqueous forms. This is due to the
polarity, volatility and ethanol’s power to dissolve more of
the active ingredients.
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The crude extracts and essential oils of plant species
have a complex mix of chemical elements. These
secondary metabolites have been used empirically in
vector control and causal agents of the disease (GranadosEchegoyen et al., 2014). The developmental stage of the
mosquito species determines the effectiveness of the plant
extract (Ebe et al., 2015). The mosquito larvae stage is the
most susceptible to any treatment, and is restricted to the
common aquatic habitats (Bisset et al., 2014)

Figure 1. Effect of aqueous, methanolic and essential oils of
Piper nigrum on larvae of Anopheles gambiae after 24
hours.

Figure 2. Effect of aqueous, methanolic and essential oils of
Curcuma longa on Anopheles gambiae after 24 hours of
treatment.
Table 1. Effect of the different extracts of Piper nigrum (Black pepper) on Anopheles gambiae larvae after 24hours of treatment.
Conc. (ppm)

Mean mortality

Mortality %

Aqueous

Methanolic

Essential oil

Aqueous

Methanolic

Essential oil

Control

0.00±0.00 a

0.00±0.00 a

0.00±0.00 a

0

0

0

10

1.67±0.58a

2.67±0.58b

4.33±0.58c

16.7

26.7

43.3

20

3.00±0.00a

3.67±0.58a

5.67±0.58b

30

36.7

56.7

30

3.67±0.58b

5.00±0.00b

6.67±0.58c

36.7

50

66.7

40

4.33±0.58a

5.67±0.58b

7.33±0.58c

43.3

56.7

73.3

50

5.67±0.58a

6.67±0.58b

8.67±0.58c

56.7

66.7

86.7

60

7.00±1.00a

7.33±0.58a

9.33±2.15b

70

73.3

93.3

70

7.33±0.58a

8.33±0.58b

9.33±1.15c

63.3

83.3

93.3

80

8.00±1.00a

8.67±0.58a

10.00±0.00b

80

86.7

100

90

8.33±1.15a

9.00±1.00b

10.00±0.00c

83.3

90

100

A total of three replicates for each concentration and 10 larvae in each replicate were used
Mean mortality with different superscripts in the same row are significantly different from each other at P<0.05.
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Table 2. Effect of the different extracts of Curcuma longa (turmeric) on Anopheles gambiae larvae after 24hours of treatment.
Conc. (ppm)

Mean mortality

Mortality %

Aqueous

Methanolic

Essential Oil

Aqueous

Methanolic

Essential Oil

0

0.00±0.00 a

0.00±0.00 a

0.00±0.00 a

0.0

0.0

0.0

50

0.00±0.00a

0.00±0.00a

1.00±1.00 a

0.0

0.0

10.0

100

0.67±0.58a

1.67±0.58b

2.33±0.58 c

6.7

16.7

23.3

150

2.00±0.00a

3.33±0.58b

4.67±0.58 c

20.0

33.3

46.7

200

3.33±1.53a

4.67±0.58b

6.33±1.53 c

33.3

46.7

63.3

250

4.33±0.58a

5.67±1.15b

7.66±1.15 c

43.3

56.7

76.7

300

5.00±1.00a

6.33±1.53 b

8.67±1.53 c

50.0

63.3

86.7

350

6.33±1.15a

7.67±0.58 b

9.00±1.00 c

63.3

73.3

90.0

400

7.00±1.00a

8.33±1.15 b

9.33 ±1.15 c

70.0

83.3

93.3

450

7.67 ±0.58a

8.67±1.53 b

10.00±0.00 c

76.7

86.7

100.0

A total of three replicates for each concentration and 10 larvae per replicate
Mean mortality with different superscripts in the same row are significantly different from each other at P<0.05.

3.2. The Effects of Extracts on Anopheles gambiae Pupae
There was no mortality observed in the pupae test in
both aqueous and methanolic extracts. After a forty-eighthour treatment, most pupae had metamorphosed to adult in
both P. nigrum and C. longa treatments. Murty et al.
(1997) reported that when treated with a leaf extract of
Polyalthia longifolia adults of Culex quinquefasciatus
emerged deformed from pupae being caught in the outer
shell of the insect. However, Candido et al. (2013)
evaluated the effects of extracts from Cnidosculos
phyllacanthus, Ricinus communis, and Coutarea hexandra
on the developmental periods of A. aegypti larvae and
pupae. They reported that the promising effects of these
products on the pupal stage of A. aegypti are related to the
morphological differences between the pupae and larvae,
indicating that the mode of action of these products occurs
through contact or choking, but not swallowing, because
the pupal stage does not involve ingestion.
3.3. The Effect of Insecticidal Coils from Extracts on Adult
Anopheles gambiae
The insecticidal coil repellency increased with the
increase in the concentration of extracts and time of
exposure. A. gambiae adult mortality rate of 76.7% and
70% was observed with P. nigrum and C. longa plants
respectively. The LC 50 and LC 95 for P. nigrum coils were
52 and 499 while that for C. longa, was 63 and 468,

respectively (Table 4). Similar results were obtained by
Pavitha and Poornima, (2014) on the repellent potential of
Tagetes erecta and Callistemon brachyandrus against
Anopheles stephensi, Culex infulus and Aedes Aegypti.
This is in accordance with Pavitha and Poornima (2014)
who found that the repellent activity test for the cream
formulation showed 89.87%, 87.5% and 90% protection
while the smoke toxicity test for the incense coil showed
66.25%, 70% and 67.5% protection against An. stephensi,
Cx. infulus and Ae. aegypti, respectively.
3.4. Toxicity Tests
The LC 50 of the P. nigrum for the larvae of A. gambiae
was the least and highest in essential oils (15ppm), and the
aqueous extracts (52.4 ppm), respectively. The same trend
was observed with C. longa. It was 148 ppm and 276 ppm
for the larvae of A. gambiae, respectively. Anyaele et al.
(2002) found that the methanolic extract Piper guineense
(Schum) showed high toxicity on the third instar larvae of
Aedes aegypti with LC 50 of 1.7±0.84g/mL and had a
mortality rate of 77% of the larvae. The result was also in
agreement with the study of Karunamoorthi et al. (2014)
on the mosquito repellent activity of the essential oil of
Juniperus procera against Anopheles arabiensis at 1 and 5
mg/ cm2 concentrations. The result showed repellency and
protection (80.60% in 311 min) against A. arabiensis.

Table 4. Toxicity of Piper nigrum and Curcuma longa extracts on Anopheles gambiae.
LC 50 (95% C.L)

LC 95 (95% C.L)

SLOPE±S.E

PROBIT LINE EQUATION

222.9 (150.1-441.9)

2.10±0.30

Y=0.89x+7.8

Methanolic extract on
larvae

26.8 (20.49-32.59) 177.7 (122.4-337.7)

2.00±0.29

Y=0.94x+14.9

Essential oil on larvae

15.4 (10.85-19.51)

79.5 (61.5-118.5)

2.31±0.32

Y=0.95x+28.4

499.1 (317.6-1013.8)

1.68±0.19

Y=0.43x+4.1

Aqueous extract on larvae 276.4 (246.9-213.6) 827.5 (640.9-1255.2)

3.45±0.45

Y=0.19x-6.3

Methanolic extract on
larvae

214.1 (188.1-240.9) 659.5 (528.8-925.1)

3.38±0.40

Y=0.21x-1.63

Essential oil on larvae

148.5 (127.2-168.6) 441.5 (368.4-571.8)

3.48±0.38

Y=0.24x+5.8

1.89±0.25

Y=0.41x+3.0

Piper nigrum
Aqueous extract on larvae 36.9 (30.08-43.89)

Coil on adult mosquitoes 52.4 (45.37-61.07)
Curcuma longa

Coil on adult mosquitoes 63.2 (53.9-74.7)

468.1(299.8-984.4)
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4. Conclusion
The present study showed the acute toxicity and repellency of P.
nigrum and C. longa against larvae and adult A. gambiae at varied
concentrations. Extracts of P. nigrum and C. longa have shown
strong toxicity and repellent activities against A. gambiae larvae
and adults. Since these botanicals safe, cheap, abundant, and
biodegradable, they can be used in the control of malaria vectors
in rural areas.
More studies should, however, be carried out especially on P.
nigrun that has a lower LC 50 to discover, identify, and isolate the
insecticidal compounds that can control the malaria vector. The
government should encourage, empower and establish research
institutes, give financial support for further research into the
bioactivity of these plants to be able to formulate insecticidal coils
that can be used to repel and prevent mosquito bites, which may
eventually reduce the use of synthetic insecticides.
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Abstract
The diversity and population structure of twenty-two genotypes of peas (Pisum sativum L.) grown in Iraq were estimated
using microsatellite [simple sequence repeats (SSRs)]. Nineteen SSR primers generated sixty-eight polymorphic bands with
an average of 3.789 polymorphic bands per primer. The highest number of polymorphic bands stated for the locus AA5
(eight alleles). Means of gene diversity, PIC, marker index, resolving power and Shannon index were 0.562, 0.513, 2.090,
2.703 and 0.833, respectively. Principal component analysis and hierarchical cluster analysis clustered the pea genotypes
into three major clades. Genotypes G1 (ORP-2), G5 (ORP-11) and G6 (ORP-12) and G7 (ORP-13) were genetically the
most distant from the other genotypes. Analysis of molecular variance (AMOVA) revealed that differences among the
populations accounted for 14 % of the total variation, whereas difference within the population was 86 %. The population
structure assay conceded that the genotypes were grouped into two evident subpopulations. Only three genotypes: G4 (ORP10), G11 (Ns minima) and G17 (Karina) were considered to be admixture. The multi-locus F ST analysis revealed strong
differentiation within the populations and significant isolation by distance. The results of this study revealed that different
origins of genotypes had played a remarkable role in shaping the current patterns of genetic variation among these
populations, many of which serve as good candidates for conservation and breeding programs.
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1. Introduction
Pea (Pisum sativum L.) was the basic model organism
used in Mendel’s discovery of the laws of inheritance,
making it the basis of modern plant genetics. Nevertheless,
subsequent progress in pea genomics has become last
among other crop species. Pea is a diploid plant with
chromosome number 2n = 14 (Smýkal et al., 2012), it
represents a major pulse crop grown for its protein
content. In different zones of the world, it is an essential
component of agro-ecological cropping systems.
Genotypes identification and the evaluation of genetic
variation of populations are important in genotypes
protection and breeding program (Smýkal et al., 2012).
Global climate change and the new technologies make pea
breeders conduct more effective methods of selection and
take benefit of the large genetic diversity present in the
Pisum sativum gene pool (Smýkal et al., 2012).
Geneticists and plant breeders have affirmed the need
for additional development in capturing and harnessing
genetic variability. Several approaches are accessible to
assess the diversity of genotypes. Traditional
morphological or biochemical markers are restricted and
*
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are not fully-reliable because of the influence of the
environment. The markers have been superseded by DNAbased methods that generate fingerprints (Hollingsworth,
2006). On this basis, various studies have been so far
conducted on peas employing Random Amplification of
Polymorphic DNA (RAPD), Simple Sequence Repeats
(SSRs), Retrotransposon-Based Insertion Polymorphism
(RBIP) markers, Single Nucleotide Polymorphism (SNP)
marker, and Targeted Induced Local Lesions In Genomes
(TILLING). These have been established as useful
methods for the genetic diversity assessment (Deulvot et
al., 2010; Ahmad et al., 2015; Tahir et al., 2016). Among
the most widely-used markers in crop species are the
microsatellite [Simple Sequence Repeats (SSRs)]
(Sarikamiş et al., 2010). SSR technique amplifies
repetitive or motifs region (ranging in length from 1-6 or
more base pairs) of DNA. The best benefits of
microsatellite analysis include the accuracy, high
polymorphism, co-dominance and genome coverage
(Tahir, 2010; Lateef, 2015). These types of markers are
frequently used for genome mapping, estimation of genetic
diversity, gene tagging and marker-assisted selection
(Smýkal et al., 2008). In the majority of the cultivated
crops, very limited genome sequence information is
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available especially for pea compared to other legume
crops (Deulvot et al., 2010). The present study was carried
out to test the suitability of applying SSR techniques on
pea genotypes, and to asses the efficency of the defined
markers set for diversity studies in a collection of Pisum
sativum.
2. Materials and Methods
2.1. Genotypes Collection

the extracted genomic DNA was diluted to 40 ng/μL and
stored at (-20 °C).
2.3. Molecular Marker (SSR) Assay
Out of the twenty-four markers, nineteen primers (Reis
and Diogo, 2012; Bouhadida et al., 2013; Ahmad et al.,
2015) were found to be polymorphic, and those were
utilized for diversity and structure studies (Table 2). PCR
reaction was conducted in a 20 μL reaction containing 1X
PCR buffer, 200 mM dNTPs, 0.40 μL of primer, 4mM
MgCl 2 , 1μL Taq polymerase and 80ng templates DNA.
PCR amplification was conducted using Applied
Biosystems Thermocycler following the PCR protocol:
Initial denaturation at 94ºC for seven minutes, thirty-seven
cycles at 94ºC for one minute, 50, 54, 55 and 60ºC for one
minute, 72ºC for two minutes and a final extension step at
72ºC for seven minutes. Amplified products were resolved
on 2.4% agarose gels at 87 V in 1X TBE buffer, and
fragment sizes were determined by 100-bp DNA ladder
(Invitrogen, USA).
R

A total of twenty-two pea genotypes were investigated
in the present work (Table 1); these genotypes were
gathered from the Agriculture Research Station, Ministry
of Agriculture in Sulaimani, Kurdistan region, Iraq.
Table 1. Name and origins of pea (Pisum sativum L.) genotypes
examined in this study.
No.

Code

Genotype Name

Origin

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22

ORP-2
ORP-3
ORP-8
ORP-10
ORP-11
ORP-12
ORP-13
ORP-15
ORP-58
ORP-D1
Ns minima
Green sage
Oregon
Provence
Javor
Legacy
Karina
Topaz
Vada nunheins
Bolero
Lancet
Rainer

Iraq
Iraq
Iraq
Iraq
Iraq
Iraq
Iraq
Iraq
Iraq
Iraq
Australia
USA
USA
Italy
Australia
Turkey
Turkey
Turkey
Turkey
Turkey
Germany
Turkey

2.2. DNA Extraction
By performing cetyltrimethylammonium bromide
(CTAB), Genomic DNA was isolated from fresh pea
leaves (Doyle, 1991). Then, the concentration and quality
of the extracted DNA were determined by 1% (w/v)
agarose gels using a Bio-Rad gel imaging system. Finally,

R

2.4. Statistical Data Analysis
The scorable bands were coded manually as either
present (1) and absent (0). Scored data were applied for the
calculation of Jaccard’s similarity coefficient using
XLSTAT 2017 software (XLSTAT, 2017). The Jaccard’s
coefficient was converted to dissimilarity. The Jaccard’s
coefficient was converted to dissimilarity. The
dissimilarity matrix was used for unweighted pair-group
method with arithmetic averages (UPGMA) dendrogram
constructed by using XLSTAT 2017 software. The
Polymorphism information content (PIC) for SSR markers
was calculated using the following formula: PIC i =1-ΣPij2,
where PICi is the PIC of marker i; Pij is the frequency of
the jth pattern for marker i (Kumari et al., 2013). Gene
diversity and major of allele frequency were computed by
using Power Marker version 3.25 software (Liu and Muse,
2005). To determine the relationship among different
genotypes, the principal component analysis (PCA) was
conducted by XLSTAT 2017 software. GenAlEx (version
6.5) software also used to estimate the molecular variance
among and within the populations (Peakall and Smouse,
2012). Marker index (MI) and resolving power (RP) are
measured according to (Powell et al., 1996; Prevost and
Wilkinson, 1999). For the population structure, a model
analysis was fulfilled to infer the genetic structure and to
clarify the number of sub-populations using the software
STRUCTURE (version 2.3.4) (Pritchard et al., 2000). The
number of supposed populations (K) was set from one to
ten, and the analysis was repeated two times. For each run,
the burn-in and MCMC were fixed to 50,000 each, and
iterations were deposited to 5. The run with the maximum
likelihood was employed to set genotypes into subpopulations.
P

R

P

R

P

P
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Table 2. Name, sequence, and annealing temperature of SSRs primers used in this research.
No

SSR markers

F 5’- 3’

R 5’- 3’

AT

1

A5

GTAAAGCATAAGGGGTTCTCAT

CAGCTTTTAACTCATCTGACA

50

2

A6

CTTAAGAGAGATTAAATGGACAA

CCAACTCATAATAAAGATTCAAA

50

3

AA205

TACGCAATCATAGAGTTTGGAA

AATCAAGTCAATGAAACAAGCA

50

4

AA355

AGAAAAATTCTAGCATGATACTG

GGAAATATAACCTCAATAACACA

50

5

AB53

CGTCGTTGTTGCCGGTAG

AAACACGTCATCTCGACCTGC

50

6

AD61

CTCATTCAATGATGATAATCCTA

ATGAGGTACTTGTGTGAGATAAA

50

7

AA92

AAGGTCTGAAGCTGAACCTGAAGG

GCAGCCCACAGAAGTGCTTCAA

50

8

AD73

CAGCTGGATTCAATCATTGGTG

ATGAGTAATCCGACGATGCCTT

50

9

AA372.1

GAGTGACCAAAGTTTTGTGAA

CCTTGAACCCATTTTTAAGAGT

50

10

D23

ATGGTTGTCCCAGGATAGATAA

GAAAACATTGGAGAGTGGAGTA

50

11

AA5

TGCCAATCCTGAGGTATTAACACC

CATTTTTGCAGTTGCAATTTCGT

50

12

AD59

TTGGAGAATGTCTTCTCTTTAG

GTATATTTTCACTCAGAGGCAC

50

13

A9

GTGCAGAAGCATTTGTTCAGAT

CCCACATATATTTGGTTGGTCA

50

14

X13.1a

GAACTAGAGCTGATAGCATGT

GCATGCAAAAGAACGAAACAGG

50

15

PSGAPA1a

GACATTGCCAATAACTGG

GGTTCTGTTCTCAATACAAG

54

16

PEACP LHPPSa

GTGGCTGATCCTGTCAACAA

CAACAACCAAGAGCAAAGAAAA

54

17

PSBLOX13.2a

CTGCTATGCTATGTTTCACATC

CTTTGCTTGCAACTTAGTAACAG

54

18

PSCAB66a

CACACGATAAGAGCATCTGC

GCTTGAGTTGCTTGCCAGCC

54

19

PSMPSAA278b

CCAAGAAAGGCTTATCAACAGG

TGCTTGTGTCAAGTGATCAGTG

60

3. Results and Discussion
3.1. Diversity Parameters
The SSRs are suitable markers of choice employed by
different researchers for genetic variation analysis in
different crops (Sarikamiş et al., 2010). In the present
study, twenty-four SSRs primers were employed for the
studying of twenty-two pea genotypes. Nineteen SSRs
primers exhibited clear fragments and polymorphism on
profiling (Tables 3). Nineteen SSRs makers produced
sixty-eight polymorphic alleles with an average of 3.789,
ranging from two to eight per primer. The level of
polymorphism reported here is consistent with the data
obtained in Burstin et al.(2001) where 3.6 alleles per
polymorphic marker were observed for thirty-one markers
derived from gene sequences, even though the panel
included twelve genotypes. Cupic et al. (2009) reported an
average of 4.5 alleles per locus using thirty SSRs markers
in a population of eighteen pea accessions. However, a
higher mean of 5.9 alleles per locus was detected in twenty
pea varieties and fifty-seven wild pea accessions using ten
SSRs markers (Nasiri et al., 2010). This greater mean of
alleles per locus may be due to the wild pea genotypes in
their study thus making the average of total detected
alleles higher. In this study, the highest number of
polymorphic bands were stated for the locus AA5 (8
alleles), and the minimum was detected for A6, AD73,

AA205 and PSMPSAA278b markers (2 alleles). Similarly,
Nasiri et al. (2010) observed 8 alleles for marker
AF004843. The number of unique positive bands was 7
across all genotypes. The maximum number of unique
bands was recorded by PEACPLHPPSa (2 bands). PIC,
marker index and resolving power values indicate the
relative informativeness of each marker and the average
PIC, marker index and resolving power values, in the
present research, were found to be 0.513, 2.090 and 2.703,
respectively. PIC, marker index and resolving power
values ranged between 0.228 for PSCAB66a to 0.935 for
AA5, 0.507 for A6 to 7.476 for AA5 and 0.636 for AA205
to 7.636 for AA5, respectively. This result suggests that
alleles of marker AA5 were uniformly distributed among
pea genotypes. In the present study, the high value of
polymorphism parameters is owing to the efficiency of the
selected SSRs primers. Heterozygosity was detected to be
very low which may be due to autogamous nature of pea.
Gene diversity calculated according to Nei (1973) varied
from 0.298 (A6) to 0.938 (AA5) with the average of 0.562
(Table 3). Shannon index was determined, and was stated
between 0.276 and 2.416 with a mean of 0.833. Loridon et
al. (2005) obtained a PIC value of 0.73 for locus AA206.
The PIC in this research is higher than that reported by
Burstin et al. (2001) (four alleles). Ahmad et al. (2015)
stated that marker AA121 was highly informative and had
the maximum level of polymorphism with the highest PIC
value of 0.887 and a resolving power value of 0.901.

© 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 2

204

Table 3. Details of 19 SSRs primers and their genetic diversity parameters used for genotyping in the 22 pea genotypes.
Major Allele
Gene
Frequency Diversity
0.591
0.603

0.569

Marker
index
2.276

Resolving
power
3.909

0.931

0.298

0.253

0.507

2.000

0.474

0.736

0.709

3.546

2.727

1.264

0.682

0.479

0.427

0.854

0.636

0.276

0.636

0.541

0.496

1.489

2.818

0.528

Primers

TAF

TPB

TPB%

Size

NUB

A5

4

4

100.000

200-1000

0

A6

2

2

100.000

150-180

0

0.818

A9

6

5

83.333

340-1200

0

0.455

AA205

3

2

66.667

260-660

0

AA355

4

3

75.000

190-720

1

PIC

H

AA372.1

5

4

80.000

225-1150

0

0.318

0.777

0.744

2.974

3.273

1.037

AA430902a

2

2

100.000

420-450

0

0.545

0.496

0.373

0.746

2.000

0.689

AA5

8

8

100.000

180-840

0

0.091

0.938

0.935

7.476

7.636

2.416

AA92

8

5

62.500

150-950

1

0.364

0.744

0.706

3.530

2.636

1.119

AB53

5

4

80.000

250-1200

1

0.591

0.545

0.471

1.884

2.818

0.517

AD59

5

4

80.000

530-1240

0

0.818

0.322

0.311

1.245

2.273

0.316

AD61

7

7

100.000

120-500

1

0.364

0.806

0.786

5.505

6.364

1.493

AD73

3

2

66.667

220-275

0

0.545

0.591

0.522

1.045

1.909

0.653

D23

3

3

100.000

150-200

0

0.409

0.649

0.574

1.721

2.000

1.070

PEACP LHPPSa

5

3

60.000

150-650

2

0.818

0.318

0.302

0.905

2.000

0.368

PSCAB66a

4

3

75.000

200-700

1

0.864

0.244

0.228

0.685

0.455

0.576

PSGAPA1a

4

3

75.000

150-1200

0

0.409

0.702

0.653

1.958

1.909

0.842

PSMPSAA278b

2

2

100.000

180-200

0

0.727

0.397

0.318

0.636

2.000

0.586

X13.1a

3

2

66.667

250-750

0

0.591

0.483

0.367

0.733

2.000

0.677

81.928

0.560

0.562

0.513

2.090

2.703

0.833

Total

83

68

Mean

4.368

3.789

7

TAF: Total number of fragments, TPB: Total number of polymorphic bands, NUB: Number of unique bands, PIC: Polymorphism
information content, H: Shannon Index.

3.2. Clustering and Genetic Relationship
Clustering and principal component analysis (PCA)
avail as a platform to supply a spatial clarification of the
comparative genetic dissimilarity between the genotypes.
It also estimates the robustness of the differentiation
among the clusters assorted by the dendrogram (Liu et al.,
2013). A fan dendrogram of the SSRs data demonstrated
clear groupings of pea genotypes on the basis of origin
(Figure 1). The UPGMA depended on cluster analysis for
SSRs alleles which exhibited that twenty-two genotypes
were clustered into three major clades at the dissimilarity
coefficient of 0.520. Clade I had four genotypes: G3
(ORP-8), G8 (ORP-15), G7 (ORP-13) and G11 (Ns
minima). Clade II is the large cluster including thirteen
genotypes which are represented by five sub-groups at a
dissimilarity coefficient of 0.45. The first sub-group
consisted of G17 (Karina), G18 (Topaz), G19 (Vada
nunheins), G20 (Bolero) and G22 (Rainer). G10 (ORPD1), G4 (ORP-10), G14 (Provence) and G13 (Oregon)
belonging to sub-group two. The third sub-group
composed of G12 (Green sage) and G15 (Javor) while the
two genotypes G16 (Legacy) and G21 (Lancet) created the
fourth and fifth sub-groups, respectively. Group III could
be divided into two sub-clades at a dissimilarity coefficient
of 0.48. The subgroup I consisted of two genotypes, viz.,

G2 (ORP-3) and G9 (ORP-58). The subgroup II comprised
G1 (ORP-2), G5 (ORP-11), and G6 (ORP-12). The
minimum genetic dissimilarity of 0.179 was found
between G12 (Green sage) and G15 (Javor) followed by
0.216 between G18 (Topaz) and G19 (Vada nunheins).
The maximum genetic dissimilarity of 0.707 was found
between G5 (ORP-11) and G12 (Green sage) followed by
0.705 between G5 (ORP-11) and G21 (Lancet). Ahmad et
al. (2015) scored a range of 0.075-0.875 of genetic
similarity among thirty-five accessions of pea using SSRs
markers.
In our PCA scatter plots, the first two principal
components stated 9.80 and 16.70% of the total variation,
respectively. In accordance with the dendrogram result,
pea genotypes were clearly separated into three major
clusters (Figure 2). As shown in Figures 1 and 2, the
genotype G1 (ORP-2), G5 (ORP-11) and G6 (ORP-12),
and G7 (ORP-13) were far distant genotypes from the
others. These results reveal that the genotypes taken in the
study are genetically diverse. The genetic distance
identified in this research can be employed in the crossing
programs. The number of clusters in the current study is
higher than that obtained by Bouhadida et al. (2013) (2
clusters) and Reis and Diogo (2012) (2 clusters), and is
lower than that stated by Ahmad et al. (2015) (4 clusters).
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pea. Wang et al. (2015) has demonstrated 41% of
differentiation among populations in 266 grass pea
accessions. The differentiation within the population in
this study is far greater than that found by (Teshome et
al., 2015; Wang et al., 2015)
Table 4. AMOVA among six populations (origins) and within
population based on 22 SSRs loci of pea genotypes.
Source

Figure 1. Clustering of 22 genotypes using UPGMA based on
SSRs data. Genotypes: G1:ORP-2, G2:ORP-3, G3:ORP-8,
G4:ORP-10, G5:ORP-11, G6:ORP-12, G7:ORP-13, G8:ORP15, G9:ORP-58, G10:ORP-D1, G11:Ns minima, G12:Green
sage, G13:Oregon, G14:Provence, G15:Javor, G16:Legacy,
G17:Karina, G18:Topaz, G19:Vada nunheins, G20:Bolero,
G21:Lancet and G22:Rainer.

df

SS

MS

Among Pops 5

78.717

15.743 1.622**

14%

0.002

Within Pops

18

180.200 10.011 10.011** 86%

0.002

Total

23

258.917

3.3. Analysis of Genetic Variation Among Pea Genotypes
using AMOVA
For the assessment of genetic differentiation among
the tested pea genotypes six populations (in term of
origins), analysis of molecular variance (AMOVA) was
conducted. The result exhibited that the pea genotypes
were significantly distinct from their relatives at P-value
of 0.002 (Table 4). The variance among the populations
clarified 14% and within the populations illustrated 86%
of genetic divergence. The pair-wise PhiPT value (which
is corresponding to FST in the assessment of genetic
differentiation) was 0.139 and denoted relatively large
deal of discrimination among pea populations. This result
indicated that the degree of variation within the
population is higher than that obtained among
populations suggesting the existence of a significant
number of specific and rare alleles and a divergence in
allele frequencies among the genotypes. In the current
research, the variation among populations is lesser than
the mean of differentiation among populations (41%)
reported by Teshome et al. (2015) in the Ethiopian field

11.633

P

100%

3.4. Population Structure Analysis
Based on nineteen SSRs markers, the estimation of
the population structure of twenty-two pea genotypes was
performed by STRUCTURE software with Pritchard
correction. The structure simulation with STRUCTURE
HARVESTER displayed that the L (K) value had the
maximum peak at K = 2 (Figure 3), inferring that two
populations can incorporate all individuals from the
twenty-two genotypes with the highest likelihood. This
suggested the existing of two major model populations,
which were visualized in the graph (Figure 4). Based on
the membership fractions, the genotypes with the
probability of ≥ 80% were assigned to corresponding
subgroups or subpopulations with others categorized as
an admixture (Table 5). Subgroup-1 or subpopulation-1
included eight genotypes with most of the genotypes
being of local origin, and subgroup-2 consisted of eleven
genotypes composed of non-Iraqi genotypes. Only three
genotypes: G4 (ORP-10), G11 (Ns minima), and G17
(Karina) were considered to be admixture (Table 5). The
population differentiation (FST) metric for the subgroup1 and subgroup-2 was 0.0478 and 0.267 (Table 6),
respectively suggesting that the diversity in subgroup-2
genotypes is greater than the variation in subgroup-1. The
heterozygosity presenting among genotypes in
subpopulation-1 is higher than that existing in
subpopulation-2 (Table 6). These results revealed high
genetic variation. Teshome et al. (2015) have
successfully detected nine subgroups in their study of pea
population with large admixture genotypes. Wang et al.,
(2015) have identified three subpopulations among 256
pea genotypes. Based on thirty-one SSRs markers, Jain et
al. (2014) have divided a collection of ninety-six
cultivars of pea into four groups.
0T

0T

Figure 2. PCA of 22 pea genotypes based on 19 SSRs loci. The
two PCA axes accounted for 16.70 and 9.80 % of the total
genetic variation. Genotypes: G1: ORP-2, G2: ORP-3, G3: ORP8, G4: ORP-10, G5: ORP-11, G6: ORP-12, G7: ORP-13, G8:
ORP-15, G9: ORP-58, G10: ORP-D1, G11: Ns minima, G12:
Green sage, G13: Oregon, G14: Provence, G15: Javor, G16:
Legacy, G17: Karina, G18: Topaz, G19: Vada nunheins, G20:
Bolero, G21: Lancet and G22: Rainer.

Est. Var. %

0T5

0T5

0T5

0T

5T

Figure 3. Graph of estimated membership fraction for the
optimal value of K for 22 genotypes. The maximum of Ln prob
determined by structure harvester is K = 2.
0T
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0T

0T5

5T
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4. Conclusions

Figure 4. Population structure of 22 pea genotypes organized
stand on inferred ancestry based on membership fractions, the
genotypes with the probability of ≥ 80 % was set to the
corresponding subpopulation, genotypes: 1: ORP-2, 2: ORP-3, 3:
ORP-8, 4: ORP-10, 5: ORP-11, 6: ORP-12, 7: ORP-13, 8: ORP15, 9: ORP-58, 10: ORP-D1, 11: Ns minima, 12: Green sage, 13:
Oregon, 14: Provence, 15: Javor, 16: Legacy, 17: Karina, 18:
Topaz, 19: Vada nunheins, 20: Bolero, 21: Lancet and 22:
Rainer.
Table 5. Population structure cluster of pea genotypes based on
inferred ancestry values.
Genotypes

Subpolpulation-1

SubInferred
polpulation-2 cluster

G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22

0.984
0.945
0.936
0.254
0.985
0.986
0.979
0.836
0.961
0.200
0.582
0.017
0.103
0.084
0.027
0.029
0.655
0.020
0.016
0.071
0.051
0.036

0.016
0.055
0.064
0.746
0.015
0.014
0.021
0.164
0.039
0.800
0.418
0.983
0.897
0.916
0.973
0.971
0.345
0.980
0.984
0.929
0.949
0.964

1
1
1
1 and 2 (admixture)
1
1
1
1
1
2
1 and 2 (admixture)
2
2
2
2
2
1 and 2 (admixture)
2
2
2
2
2

Genotypes: G1: ORP-2, G2: ORP-3, G3: ORP-8, G4: ORP-10,
G5: ORP-11, G6: ORP-12, G7: ORP-13, G8: ORP-15, G9:
ORP-58, G10: ORP-D1, G11: Ns minima, G12: Green sage,
G13: Oregon, G14: Provence, G15: Javor, G16: Legacy, G17:
Karina, G18: Topaz, G19: Vada nunheins, G20: Bolero, G21:
Lancet and G22: Rainer.
Table 6. Fixation indices (Fst) and heterozygosity within
population created by structure population.
Mean value of Fst-subpopulation-1
Mean value of Fst-subpopulation-2
Heterozygosity of subpopulation-1
Heterozygosity of subpopulation-2

0.0478
0.267
0.324
0.276

Based on different statistical analyses including PCA
and AHC, the current study identified three clades with
2-3 sub-clusters within twenty-two
pea genotypes
selected for performing the association mapping panel
and breeding program. The allele information and
diversity parameters have indicated the existence of a
large genetic base in this collection. The output structure
analysis in this investigation is not in accordance with the
clustering method and principal component analysis.
Thus, the results of this study indicate that the
determination of genetic variation among pea genotypes
by SSR markers can be useful for parental genotype
selection in breeding programs.
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Abstract
The present study was designed to identify the different bacterial species causing the subclinical mastitis in she-camels in
Algeria, and to determine their evolution during the lactation period. One hundred and fifty three milk samples were
collected from seventeen lactating she-camels from southeastern Algeria. The results showed that, 106 (69.28%) of the 153
samples examined contained bacteria, of which 84 (54.90 %) gave pure culture, 21 (13.72%) gave mixed isolations of two
types of bacteria or more, and 1 (0.65%) showed contamination of culture. Furthermore, the percentage of the sub-clinical
mastitis cases in the Algerian camels was not significantly different (p> 0.05) on the basis of the lactation stage. On the other
hand, the Bacteriological examinations of the milk samples revealed that coagulase negative staphylococci (CNS) were the
most predominant species causing the subclinical mastitis in she camels 39 (46.43%), followed by Enterobacteriaceae at 16
(19.05%), coagulase positive staphylococci (CPS) 15 (17.86%), and Micrococcus spp. at 6 (7.14%), in addition to other
bacteria types. Among the CNS isolated, Staphylococcus arlettae (11.91%) and Staphylococcus muscae (9.53%) were the
most dominant species. From the CPS species isolated, Staphylococcus aureus (7.14%) and Staphylococcus hyicus (7.14%)
were the major species isolated, and from the Enterobacteriaceae, E.coli (10.72%) was the main species isolated. Other
species, including Bacillus cereus, Streptococcus spp., Aeromonas hydrophila, Achromobacter spp. and Flavobacterium spp.
were also isolated with low percentages.
Keywords: Algeria, Bacteria, She-camels, Subclinical mastitis.

1. Introduction
The dromedary camel (Camelus dromedarius) is the
most important livestock species in the desert and semidesert areas of Northern and Eastern Africa as well as in
the deserts of the Arabian Peninsula (Al-Juboori et al.,
2013). On the whole, camels are considered as the main
source of both milk and meat production in these areas
(Lyer et al., 2014).
The she camel milk, similar to that of other dairy
animals, contains all the essential nutrients and is regarded
a perfect nutritious drink (Tuteja et al., 2013).
Furthermore, it contains a high proportion of antibacterial
substances and higher concentrations of vitamin C in
comparison with the cow milk (Barlowska et al., 2011).
People in arid, semi-arid and desert areas consume raw
camel milk as one of the main components of their diet
(Siboukeur, 2007). This poses a health risk to humans
since the milk is a very nutritious medium; readily
supporting the growth of microorganisms originating from
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environmental contaminants (Kotb et al., 2010), or as a
result of clinical and subclinical mastitis (Wanjohi, 2014).
Mastitis is a complex disease which affects all dairy
animals without discrimination. It causes great economic
losses if not detected and treated promptly (Lyer et al.,
2014). Mastitis can be defined as an inflammation of the
parenchymal tissue of the mammary gland. Regardless of
cause, it is characterized by a range of physical and
chemical changes in the milk in addition to pathological
changes in the glandular tissue which include swelling,
heat, pain, and edema of mammary gland. The most
important changes in the milk include discoloration,
presence of clots and presence of a large number of
Leukocytes (Radostits et al., 2007).
Moreover, camel mastitis has been estimated to affect
more than 40 % of the lactating she-camels (Ahmad et al.,
2011; Regassa et al., 2013). It was also known to cause
approximately a 70% loss in milk production (Fazlani et
al., 2011). The sub-clinical mastitis in she camels is
considered as the most prevalent type (Ahmad et al., 2011;
Alamin et al., 2013; Husein et al., 2013). It refers to the
existence of inflammation with an absence of gross
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inflammatory changes in the udder, making it difficult to
be diagnosed early. It can be detected only through
laboratory testing (Abdel Gadir, 2014). Some reports have
indicated that the sub-clinical infection in the udder of
dromedary causes lower milk production, and changes in
the milk properties which impair the processing and
preservation of the milk (Saleh and Faye, 2011). On these
accounts, the comprehension of its pathogenesis and the
early diagnosis are of vital importance in the treatment of
mastitis (Khan et al., 2013).
Bacterial infections are the primary causes of mastitis
in domestic animals (Seifu and Tafesse, 2010). For this
reason, many different bacteria have been isolated from
mastitic mammary glands of she-camels. The major
pathogens of mastitis in she-camels are Staphylococcus
aureus, Streptococcus agalactiae, Bacillus cereus,
Actinomyces pyogenes, Escherichia coli, Micrococcus spp.
and Corynebacterium bovis (Abdel Gadir, 2014), in
addition to, Streptococcus dysgalactiae (Husein et al.,
2013; Regassa et al., 2013), coagulase negative
staphylococci (Abdurahman, 2006; Husein et al., 2013;
Wanjohi et al., 2013), Pasteurella spp., and Pseudomonas
aeruginosa (Al-Juboori et al., 2013).
According to a review study, during the last decades,
cases of mastitis in dromedary camels have been reported
from many of the camel-rearing counties of Africa and
Asia, such as Kenya, Somalia, Sudan, Egypt, Saudi
Arabia, Iraq and UAE (Abdel Gadir, 2014). There is slight
literature on bovine mastitis, and to a lesser extent on
ovine and caprine mastitis in Algeria. However, there is no
published data about mastitis in she camels. Accordingly,
the present study was undertaken to identify the most
significant species of bacteria involved in causing
subclinical mastitis in she-camels, and to evaluate the
evolution of this disease throughout the lactation period.
2. Materials And Methods
2.1. Study Area
The present study was conducted at Bir Naam, South
East of Algeria. This region is characterized by an arid
climate with an average summer temperature of 42 °C, and
low monthly precipitation of 10.72 mm. The rainy period
extends from November to January with a 23.8 mm
maximum in January, and pastures in this region are
considered arid for the rest of the year. The vegetation
commonly consists of steppe plants such as Stipa
tenacissima and Ampelodesmos tenax.
2.2. Management of Camels
This study was conducted from November, 2014 to
September, 2015. Seventeen multiparous and healthy
lactating she-camels kept under grazing and supplementary
farming systems were randomly selected. The she-camels
were kept grazing in open areas surrounding the farm from
the morning times until mid-day then they were taken
inside the farm for milking and for supplemental feeding.
They were given supplemental barley concentrate and dry
hay straw. The animals were provided with water
regularly. The calving occurs mostly during the winter
season, starting as early as November. The milking was
manual. A good number of the she-camels were infested
with the ecto-parasite (ticks).

2.3. Sampling Procedure
The milk samples were collected during three
different stages of lactation (early, mid and late
respectively). Three samples were taken from each animal
at each lactation stage. A total of 153 milk samples were
collected for this study. Before the collection of the
samples, udders of the she-camels were examined visually,
and by palpating for the presence of any lesions, and for
redness, pain, heat, and swelling. After that, the camels
were allowed for udder preparation by washing with water
and by the disinfection of the teats with alcohol 70 °C. The
raw camel-milk samples were collected in the early
morning in sterilized bottles after eliminating the first
streams. The milk samples were labeled, stored in an ice
box, and were taken immediately within 2-4 hours after
collection to the laboratory for the Bacteriological
analysis.
2.4. Bacteriological Analysis
All milk samples were randomly selected, and used for
Bacteriological analysis for the detection of specific
bacteria causing the sub-clinical mastitis. A loopful of
each milk sample was streaked on defibrinated sheep (7%)
blood agar, nutrient agar, BCP (Bromcresol Purple
Lactose) agar, and Chapman agar. Plates were incubated at
37°C for 24- 48 hours. The grown colonies were subjected
to the following tests as recommended by the National
Mastitis Council (NMC, 1987): the presumptive
identification of the isolates based on the colony
morphologic features, Gram stain reaction, hemolytic
characteristics, catalase test and biochemical classic tests.
Based on the Gram stain technique, there was pure Grampositive cocci, pure Gram-negative, and mixed isolates.
Staphylococci and Micrococci were identified based on
their growth characteristics on triple sugar iron agar,
mannitol salt agar, nitrate reductase test, urease test,
coagulase and catalase tests (Forbes et al., 2002; Quinn et
al., 2011). Isolates that were tentatively identified as
streptococci were evaluated according to growth
characteristics on sheep blood agar, catalase production
and sugar fermentation tests. Gram-negative isolates were
sub cultured on BCP agar and were further tested using
triple sugar iron agar, testing motility, the IMViC test
(Indole, Methylred, Voges–Proskauer, and citrate
utilization tests) and the urease test (Forbes et al., 2002;
Quinn et al., 2011). Samples with a growth of 5 or more
identical colonies (Contreras et al., 1997; Pradieé et al.,
2012) were considered positive for subclinical mastitis.
The growth of two or more morphological types (> 5 CFU
per type) was considered as contamination, and the result
was excluded from the analysis (Gonzalo et al., 2002;
Pradieé et al., 2012).
2.5. Statistical Analysis
Data were recorded in Microsoft Excel, 2007 spread
sheets for statistical analysis. Descriptive statistics were
used to summarize the data and calculate the sample
statistics and the various proportions. Additionally, the
effect of the stage of lactation on the occurrence of
subclinical mastitis was analyzed by Cochran Q Test using
SPSS (version 16). Probabilities of p<0.05 were
considered significant.
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3. Results
The nature of the milk samples recorded in the present
study is given in Table 1. Out of the 106 culture-positive
milk samples examined, 84 (54.90%), 21 (13.73%) and 1
(0.65%), were determined having pure, mixed bacteria
with two species or more, or contaminated cultures,
respectively. It is clear from the present investigation, that
pure infection was common as compared to mixed or
contaminated infections (Table 1). On the other hand 47
out of 153 examined milk samples (30.72%) were
bacteriologically negative cultures.
Table 1. The bacterial nature of milk samples of the she-camels.
Nature of isolates

Number Percentage %

Culture-positive samples

106

69.28

Nature of samples

Pure samples

84

54.90

Mixed samples

21

13.73

Contamination

1

0.65

Culture-negative Samples

47

30.72

Total

153

100

The data available on the relative frequency of different
types of organisms encountered in the udder infection
(Table 2) revealed that coagulase negative staphylococci
(CNS) were the most important organisms involved in the
causes of subclinical mastitis in she-camels (46.43%).
Enterobacteriaceae came next in significance at (19.05%),
followed by coagulase positive staphylococci (CPS) at
(17.86%). The percentage of Micrococcus spp. was
(7.14%), and other bacteria types were low (9.52%) (Table
2).
Table 2. The number and percentage of the predominance of
different bacteria in subclinical mastitis of she-camels.
Isolates
Number Percentage %
Coagulase negative staphylococci (CNS)
39
46.43
Enterobacteriaceae
16
19.05
Coagulase positive staphylococci (CPS)
15
17.86
Micrococcus spp.
6
7.14
Other bacteria
8
9.52
Total
84
100
As indicated in Table 3, the percentage of subclinical mastitis in
this study was not affected significantly by the lactation stage
(p>0.05).
Table 3. The percentage of subclinical mastitis in she-camels
based on the stage of lactation.
Lactation stage
0-2
3-5
6-9
Total
(months)
Number of samples 51
51
51
153
Number and
29
24
31
84
percentage of
(56.86 %) (47.06%) (60.78%) (54.90%)
positive samples
Effect of lactation
stage
NS
NS
NS
(P-value)
* p< 0.05, ** p< 0.01, NS: no significant p> 0.05.

Table 4 shows the identification and differentiation of
bacterial species causing the subclinical mastitis in shecamels in the current study. The most common isolated
CNS species were S. arlettae (11.91%), S. muscae
(9.53%), S. epidermidis (5.95%), S. saccharolyticus (5.95%), S. cohnii (4.77%), S. succinus (3.57%), S.
saprophyticus (2.38%), S. auricularis (1.19%) and S.
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capitis (1.19%), respectively. Although, from the CPS
species, S. aureus (7.14%) and S. hyicus (7.14%) were the
most dominant causes of subclinical mastitis in she-camels
followed by S. intermedius (3.57%), respectively.
However, from Enterobacteriaceae, the Escherichia coli
(10.72%) was the most dominant species, followed by
Pseudomonas aeruginosa (2.38%), Providencia spp.
(2.38%), Morganella morganii (1.19%), Proteus mirabilis
(1.19%) and Serratia spp. (1.19%). Nevertheless other
bacteria were isolated such us: Micrococcus spp. (7.14%),
Bacillus cereus (3.57%), Streptococcus spp. (2.38%),
Aeromonas hydrophila (1.19%), Achromobacter spp.
(1.19%) and Flavobacterium spp. (1.19%).
Table 4. The percentage of bacterial species in subclinical
mastitis of she-camels.
Gram
stain
result
Coagulase
negative
staphylococci
(CNS)
Gram
positive

Gram
negative

Bacteria Species

Number Percentage
%

S.arlettae

10

11.91

8
5
5
4
3
2
1
1
6

9.53
5.95
5.95
4.77
3.57
2.38
1.19
1.19
7.14

6
3
6
2
9

7.14
3.57
7.14
2.38
10.72

2

2.38

2
1

2.38
1.19

1
1
3
1

1.19
1.19
3.57
1.19

1
1
84

1.19
1.19
100

S.muscae
S.epidermidis
S.saccharolyticus
S.cohnii
S.succinus
S.saprophyricus
S.auricularis
S.capitis
Coagulase positive S.aureus
staphylococci
(CPS)
S.hyicus
S.intermedius
Micrococcus spp.
Streptococcus spp.
Enterobacteriaceae Escherichia coli

Other bacteria

Pseudomonas
aeruginosa
Providencia spp.
Morganella
morganii
Proteus mirabilis
Serratia spp.
Bacillus cereus
Aeromonas
hydrophila
Achromobacter spp.
Flavobacterium spp.
Total

4. Discussion
In this study, samples containing a single bacterial
organism were the most common (54.90%), than those
containing two bacterial species or more (13.73%). This
finding was consistent with the results of Abdurahman
(2006) and Regassa et al. (2013), who reported that
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compared to mixed infections, pure infections were more
common in the milk samples of the she-camels infected
with subclinical mastitis. On the other hand, Younan et al.
(2001) reported that infections in the udder of the lactating
camels are quite widespread. Generally speaking, bacteria
in the milk can occur through colonization of the teat canal
or an infected udder (clinical or subclinical mastitis), or as
contaminants (Younan, 2004). Moreover, the current study
revealed the presence of tick infestation on udders which
causes skin and teat lesions. Furthermore, these lesions
facilitate bacterial entry and cause permanent tissue
damage (Megersa, 2010).
The results of the present study indicated that the
proportion of sub-clinical mastitis cases in camels was not
significantly different with the variation of the lactation
stage. This result was in agreement with Ali et al. (2016).
However, Ahmad et al. (2011); Aljumaah et al. (2011);
Husein et al. (2013) and Regassa et al. (2013) stated that
the percentage of mastitis in the early stage of lactation
was significantly higher. On the other hand, Suheir et al.
(2005) declared that the last stage of lactation was found to
be associated with a high rate of subclinical mastitis. This
variation could be attributed to other factors which were
important for predisposing mastitis in she-camels such as
the hygienic milking process (Ahmad et al., 2011), the use
of anti-suckling devices to prevent suckling by the camel's
calves, tick bites on the udder, deformities of the udder
tissue due to the thorny bushes in the pastoral areas, and
camel pox (Abdel-Gadir, 2014), in addition, to age
(Ahmad et al., 2011), breed, parity number (Abdurhmann,
2006; Ahmad et al., 2011; Aljumaah et al., 2011) and the
production system (Ahmad et al., 2011).
Among the bacterial isolates, CNS were identified in
this study as the predominant organisms causing
subclinical mastitis in she-camels. This finding agreed
with the reports of Abdurahman (2006) and Husein et al.
(2013). However, Wanjohi et al. (2013) declared that the
most isolated bacterium from mastitic camel’s milk in
Ethiopia was Klebsiella/Enterobacter followed by CNS,
respectively. Other reports stated that the CPS bacteria
were the most dominant causes of mastitis in she-camels
(Ahmad et al., 2011; Alamin et al., 2013; Al-Juboori et al.,
2013; Regassa et al., 2013). CNS bacteria are known as
the facultative or minor pathogens isolated from
subclinical mastitis (Abdel-Gadir et al., 2005). The
frequent occurrence of CNS was most probably due to the
contamination of the samples through the teat canal or teat
skin. Moreover, CNS were mainly present in air, soil and
water of camels (Kotb et al., 2010) which served as a
source of contamination, and were associated with
subclinical mastitis in camels’ udders.
The
current
study
suggests
that
the
Enterobacteriaceae bacteria were the second cause of
subclinical mastitis in she-camels. This finding agreed
with that reported by Al-Juboori et al. (2013) in UAE. In
contrast to the results of this study, many authors reported
that Streptococcus spp. bacteria were the second most
common cause of mastitis in camel herds (Abdurahman,
2006; Seifu and Tafesse, 2010; Ahmad et al., 2011; Husein
et al., 2013; Regassa et al., 2013). However, Wanjohi et
al.
(2013)
reported
that
the
Enterobacteriaceae (Klebsiella/Enterobacter and E.coli species) were
the most predominant causes of she-camel mastitis in a

study conducted in Ethiopia. The contaminated
environment of breeding was the main source of
Enterobacteriaceae (Kotb et al., 2010), which mostly
predisposed the udders towards bacterial infections.
The percentage of CPS noted in our study was in
agreement with the finding of Suheir et al. (2005), but it
was lower than that reported by Ahmed et al. (2011);
Alamin et al. (2013) and Wanjohi et al. (2013) in milk
samples collected from Gharissa districts in Ethiopia.
However, the obtained percentage of CPS was higher than
that (14.3%) recorded by Wanjohi et al. (2013) in milk
samples from Wajir districts. The frequency of
Staphylococcus varied according to different studies, but
there is practically no recent or even previous publication
on the Bacteriological pathogens in mastitis affecting shecamels where staphylococci are not stated.
The present study also identified a low proportion of
Micrococcus spp. which was in consistent with the
findings of other studies (Saleh and Faye, 2011; AlJuboori et al., 2013), even though Regassa et al. (2013)
found lower percentage. In contrast to our results, Hawari
and Hassawi (2008) recorded that Micrococcus spp.
bacteria were the predominant mastitis-causing organisms
in she-camels. Similarly, Suheir et al. (2005) stated that
these organisms are an important causative of the mastitis
among camels. This bacterium was mainly frequent in the
camel environment, particularly, in soil, air and water
(Kotb et al., 2010), which subjected the milk to the
microbial contamination existing in the surroundings
elevating the contamination. The low frequency of
Micrococcus spp. observed in this study could be
attributed to the existence of adequate hygiene during the
milking and in the management system.
The isolated CNS species in positive samples were S.
arlettae, S. muscae, S. epidermidis, S. saccharolyticus, S.
cohnii, S. succinus, S. saprophyticus, S. auricularis and S.
capitis. However, Alamin et al. (2013) recorded that the
commonly isolated CNS species in persistent subclinical
mastitis in camels were S. epidermidis, S. simulans, S.
haemolyticus, S. kloosii,, S. lentus , S. delphini, S.
saprophyticus, S. lugdunensis, S. sacchrolyticus, S.
carnosus and S. chromogenes. In this study, S. arlettae
and S. muscae followed by S. epidermidis and S.
saccharolyticus were the most prevalent causative
microorganisms involved in she-camel mastitis, Other
authors reported that S. epidermidis was the most frequent
CNS isolated from the camel milk (Abdel Gadir et al.,
2005; Al-Juboori et al., 2013).
Among the isolated CPS, S. aureus and S. hyicus were
the most predominant species followed by S. intermedius.
This result was in agreement with Woubit et al. (2001),
who recorded that S. aureus and S. hyicus were
predominant subclinical mastitis-causing organisms in
camels in Ethiopia. However, Alamin et al. (2013)
reported that S. aureus was the main organism involved in
causing subclinical mastitis in camels and S. intermiduis
came next in significance, followed by S. hyicus. Other
reports suggested that S. aureus was the most isolated CPS
species (Seifu and Tafesse, 2010; Saleh and Faye, 2011;
Al-Juboori et al., 2013; Husein et al., 2013). This is
probably related to the fact that S. aureus is well adapted
to survive in the udder, and usually establishes a mild
subclinical infection of a long duration, from which it shed
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in milk, facilitating the transmission to healthy animals,
mainly during the milking procedure (Radostits et al.,
2000).
The relative number of Streptococcus spp. isolated in
this study, was very similar to that reported by Alamin et
al. (2013). However, it was much lower than previous
studies (Seifu and Tafesse, 2010; Saleh and Faye, 2011;
Al-Juboori et al., 2013, Husein et al., 2013). The low
proportion of Streptococcus spp. could be explained by the
possible premedication of the animals with antibiotics,
especially that it is known that mastitis caused by
Streptococcus spp. is susceptible to eradication via the use
of antibiotics (Hawari and Hassawi, 2008; Alqurashi et al.,
2013).
The percentage of E. coli recorded in this study is equal
to the earlier findings of Ahmad et al. (2011) and Saleh
and Faye (2011), but it was much lower than that reported
by Wanjohi et al. (2013). The low rate of E. coli isolates
might be partially associated with effective udder washing
and drying, post milking teat dipping, and keeping
washing towels clean. Because E. coli is a common
intestinal bacterium, the isolation of this bacterium was
taken as indicator of fecal contamination that is
contamination of one of the milking hygiene conditions.
This is significant because the feces may have contained
pathogenic organisms (Wanjohi, 2014). But, camel feces
are dry, and do not normally contaminate the udder skin
(Eberlein, 2007). However, its presence in milk cannot be
avoided completely, but can be rather minimized by good
management and hygienic milking practices.
The present study also identified a low rate of
Pseudomonas aeruginosa, which was in agreement with
that reported by Al-Juboori et al. (2013). Other bacterial
species were isolated including Providencia spp., Serratia
spp., Proteus mirabilis, Morganella morganii and
Flavobacterium spp., but with very low percentage
originating possibly from the camel environment.
According to Kotb et al. (2010) Providencia, Serratia and
Proteus resulted from the contamination of the water and
the soil. Moreover, Younan (2004) declared that under
pastoral
production
conditions,
environmental
contamination was likely to play a bigger role in
contaminating the raw camel milk than the initial bacterial
contamination of the camel milk. On the other hand, the
camel milk has a high antimicrobial activity as compared
to that of other animal species, and it’s able to inhibit
Gram-positive and Gram-negative pathogens. But the
natural antimicrobial factors can only provide a limited
protection against specific pathogens and for a short period
of time (Benkerroum et al., 2003).
A low proportion of Bacillus cereus was recorded
through the present study which complied with the results
of most investigations stating that the B. cereus species
was not a pathogen of importance in camel milk (Ahmad
et al., 2011; Alamin et al., 2013). The high percentage of
B. cereus reported by Wanjohi et al. (2013) could be due
to poor management and unhygienic milking practices.
On the whole, the findings of the present study were in
accordance with the observations of several previous
studies, with only minor variations, possibly attributable to
different geographical climates, the management system,
and individual variations in susceptibility. However, the
failure of some pathogen to grow in the current study such
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as Corynebacterium spp., Klebsiella spp., and other
mastitis pathogens could be explained by the possible
premedication of the infected animals with antibiotics.
5. Conclusion
In conclusion, the results of the current study contribute
to the overall knowledge about the main species causing
subclinical mastitis in camels in Algeria. It is concluded
from this work that pure infection was common in camels
as compared to mixed infections and that CNS were the
dominant mastitis isolated pathogens, followed by
Enterobacteriaceae. Furthermore, S. arlettae, E. coli and
S. muscae were the main frequent bacterial isolates from
the camels infected with subclinical mastitis in the study
area. On the other hand, the present study confirmed that
the percentage of sub-clinical mastitis cases in Algerian
camels was not significantly different with the difference
of the lactation stage. Moreover, adequate hygienic
conditions in the environment, identification of subclinical
infected glands, clinical treatment of the infected shecamels, dry-period therapy, and performing a systematic
regular ecto-parasite control of the livestock are all
required in order to minimize the occurrence of subclinical
mastitis in the study area and. therefore, reduce the adverse
effects of mastitis on the production and quality of camel
milk.
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Abstract
Phosphorous deficiency is a major constraint to crop production due to the rapid binding of the applied phosphorous into
fixed forms making it not available to the plants. The aim of this study is to isolate phosphate solubilizing bacteria, and
assess their effect on the growth of cowpea plant. When tested for its phosphate solubilizing potential, Pseudomonas
aeruginosa FP6, a known biological control agent against several phytopathogens, showed 52.38 % solubilizing efficacy.
P. aeruginosa FP6 showed optimum phosphate solubilization with glucose (181.75 µg/ml) and ammonium sulphate
(184.75µg/ml). The presence of soluble phosphates, with different concentrations of KH 2 PO 4 supplemented in Pikovskaya
agar media (PVK), suppressed tri-calcium phosphate (TCP) solubilization activity by FP6. When grown on Tris buffered
phosphate medium P. aeruginosa FP6 showed reduction in biocontrol traits except hydrogen cyanide (HCN) production. In
pot experiments P. aeruginosa FP6 inoculation with TCP soil amendment (100 mg/ kg) showed significant increase in
biometric parameters suggesting that the application of P. aeruginosa FP6 along with the right dose of a phosphate fertilizer
could be considered as a sustainable substitute to a higher dose of a phosphorus fertilizer for the cowpea cultivation.
Keywords: Phosphate solubilization, P. aeruginosa FP6, Cowpea, TCP

1. Introduction
Phosphorus (P) is one the most essential elements for
plant growth after nitrogen. Phosphorus plays a significant
role in several physiological and biochemical plant
activities like photosynthesis, the metabolic process of
energy transfer, signal transduction, macromolecular
biosynthesis, and respiration chain reactions (Khan et al.,
2010). One of the advantages of feeding the plants with
phosphorus is to create deeper and more abundant roots.
Phosphorus causes early ripening in plants, decreasing
grain moisture, improving crop quality and it is a sensitive
nutrient to soil pH (Soleimanzadeh, 2010).
Despite its wide distribution, phosphorus is one of the
least available and the least mobile mineral nutrients for
plants in the soil (Mahdi et al., 2012). Many soils have a
high reserve of total phosphorus accounting for about
0.05% of soil content on average; however, only 0.1% of
the total phosphorus is available to plants (Sharma et al.,
2011). Therefore, phosphatic chemical fertilizers that
contain large amounts of soluble phosphorus have been
applied to the agricultural ﬁelds to maximize the
production (Shen et al., 2011). This soluble phosphorus in
phosphatic fertilizers is easily and rapidly precipitated to
insoluble forms with cations such as Ca2+, Fe3+, Al3+, Co2+
*
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or Zn2+, and is adsorbed to calcium carbonate, aluminium
oxide, iron oxide, and aluminium silicate depending on the
particular properties of the soil (Mittal et al., 2008). This
transformation decreases the efficiency of soluble
phosphorus to be taken up by the plants, and decreases the
effectiveness of the fertilizer resulting in the application of
increasing amounts of phosphatic fertilizers in the
agricultural ﬁelds. This unmanaged use of phosphatic
fertilizers has increased the agricultural costs and also
instigated negative environmental impacts (Karpagam and
Nagalakshmi, 2014). Recently, phosphate solubilizing
microorganisms have attracted the attention of
agriculturists as soil inoculums to improve the plant
growth and yield (Nisha et al., 2014).
Phosphate solubilizing microbes play fundamental
roles in biogeochemical phosphorus cycling in the natural
and agricultural ecosystems. Phosphate-solubilizing
microbes can transform the insoluble phosphorus into
soluble forms HPO 4 2- and H 2 PO 4 - by acidiﬁcation,
chelation, exchange reactions, and polymeric substances
formation (Mahidi et al., 2011). Therefore, the use of
phosphate-solubilizing microbes in agricultural practices
would not only offset the high cost of manufacturing
phosphatic fertilizers, but would also mobilize insoluble
phosphorus in the fertilizers and soils to which they are
applied (Tarkka et al., 2008). Bacteria belonging to
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Mesorhizobium, Rhizobium, Klebsiella, Acinetobacter,
Enterobacter, Erwinia, Achrobacter, Micrococcus,
Aerobacter and Bacillus have been reported as phosphate
solubilizers, but strains belong to Pseudomonads are
considered as efficient phosphate solubilizers due to their
biofertilizing and biocontrol properties (Baudoin et al.,
2010). The application of phosphate-solubilizing microbes
around the roots of plants in soils, and in fertilizers has
been shown to release soluble phosphorus, promote plant
growth, and protect plants from pathogen infection
(Walpola and Yoon, 2012).

media reported in literature. Compositions of different
media are given in Table 1 (Halder et al., 1991; Kim et al.,
1997; Vassileva et al., 1998; Nautiyal, 1999; Pikovskaya,
1948). The 250 mL flasks containing 50 mL of media
inoculated with 500 µL bacterial culture (108 CFU/mL)
was incubated at 28°C upto 7 days. Uninoculated media
under a similar set of conditions was used as the control.
An aliquot of 5 mL was collected every day and cells were
removed by centrifugation at 7,500 x g for 10 min. The
phosphorus content in culture filtrates was estimated by
Fiske and subbarow method (Fiske and Subbarow, 1925).
Phosphate solubilizing activity was expressed in terms of
tricalcium phosphate (TCP) solubilization, which in turn
represents μg/mL of available orthophosphate as calibrated
from the standard curve of KH 2 PO 4 (0-100 μg/mL). The
pH variation in different media during the growth of
P. aeruginosa FP6 isolate was also observed. The rest of
the experiment was performed using Pikovskaya medium
(PVK) with 0.5 % TCP.
A rock phosphate sample (RP-140) having a P 2 O 5
(phosphorous pentoxide) content of about 18.8% was used.
Quantitative estimation of the phosphate solubilization
activity was carried out in a PVK medium amended with
0.5% (w/v) rock phosphate with the other conditions being
the same as for TCP solubilization for duration of seven
days.

2. Materials and Methods
2.1. Bacterial Strain
The phosphate producing bacterium was isolated from
the rhizospheric soil of vegetable crops from in and around
Bangalore, India. The potential isolate was identified as
P. aeruginosa by 16S rDNA sequence analysis. The
nucleotide sequence of the 16S rRNA of P. aeruginosa
FP6 has been deposited in the GenBank database under the
accession number JN861778 (Sasirekha et al., 2013).
2.2. Phosphate Solubilisation in Different Media
Quantitative estimation of inorganic phosphate
solubilization was done in six different types of liquid
Table 1. Composition of different media used in this study.
Media Components
(g/L)
Glucose
(NH 4 ) 2 SO 4

Medium1
(AYG; Halder
et al., 1991)

Medium2 (Kim
et al., 1997)

Medium3
(Vassilev et al.,
1998)

Medium 4 (PVK;
Pikovskaya,
1948)

Medium 5
(NBRIY;
Nautiyal, 1999)

Medium 6
(NBRIP;
Nautiyal, 1999)

20

10

100

10

10

10

1

-

-

0.5

0.5

0.1

MgSO 4 .7H 2 O

0.5

0.4

0.2

0.1

0.1

0.25

Yeast Extract

0.2

0.5

-

0.5

-

-

-

-

-

0.2

0.2

0.2

NaCl

-

1

-

0.2

0.2

-

FeCl 3

Trace

-

-

-

-

-

0.002

0.002

-

MnSO 4 .H 2 O

Trace

-

-

0.002

0.002

-

MgCl 2 .6H 2 O

-

-

-

-

-

5.0

CaCl 2

-

0.2

-

-

-

-

NH 4 NO 3

-

1.5

0.5

-

-

-

ZnSO 4

-

-

0.004

-

-

-

KCl

FeSO 4 .7H 2 O

Ca 3 (PO 4 ) 5
pH

-

-

-

5.0

5.0

5.0

6.8

7

5

7

7

7
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2.3. Effect of Carbon and Nitrogen Sources on P
Solubilisation

bacteria to bind the seeds. Control seeds were soaked in
sterile distilled water .

The effect of different carbon sources on the P
solubilization was done with the addition of 1% of
respective sugars (sucrose, maltose, fructose, xylose,
galactose) in place of the glucose in the PVK medium.
Similarly for determining the effect of different nitrogen
sources, ammonium sulphate (NH 4 ) 2 SO 4 in PVK medium
was replaced by 0.5% of different nitrogen salts such as
casein, urea, potassium nitrate (KNO 3 ), sodium nitrate
(NaNO 3 ), ammonium chloride (NH 4 Cl) and sodium nitrite
(NaNO 2 ).

2.7.2. Pot Experiments

2.4. Effect of Soluble Phosphate Source on P
Solubilisation
The effect of soluble P on the phosphate solubilization
ability of the P. aeruginosa FP6 was carried out in a PVK
medium amended with KH 2 PO 4 (10 - 150 mM) for a
duration of seven days. The broth was inoculated with a
FP6 isolate and incubated at 28°C.
2.5. Effect of Tris on P Solubilization
Sterile Tris buffer (pH, 8.0) at 0, 20, 30, 40, 60, 60, 70
and 80 mM concentrations (Sambrook et al., 1989) was
added to the PVK broth. 100 µL of the overnight broth
culture of the isolate was inoculated and incubated for 24 h
at 37°C. The effect of P solubilization in buffered
condition in the presence of Tris buffer in the media was
assessed by noting the change in pH, and by estimating the
amount of P solubilized. Control media was without Tris
buffer.
2.6. Multiple Biocontrol Traits of P. aeruginosa FP6
under Buffered Condition
The effect of buffering on phosphate solubilization and
other biocontrol traits of FP6 was determined in 100M
Tris-HCl (pH-8.0) buffered minimal medium containing
(g/L) glucose-10; tricalcium phosphate [Ca 3 (PO 4 ) 2 ]-5;
ammonium sulphate [(NH 4 ) 2 SO 4 ]- 0.5; sodium chloride
[NaCl]- 0.2; magnesium sulphate [MgSO 4 .7H 2 O]- 0.1;
potassium chloride [KCl]- 0.2; yeast extract- 0.5;
manganese sulphate [MnSO 4 .H 2 O]- 0.002; ferrous
sulphate [FeSO 4 .7H 2 O]-0.002. The Culture filtrate was
screened for its phosphate solubilization ability along with
its antagonistic activity, siderophore production (Schwyn
and Neilands, 1987), HCN production (Kremer and
Souissi, 2001) and IAA production (Bric et al., 1991). The
same was compared with non- buffered condition (PVK
media).
2.7. Effect of P. aeruginosa FP6 on Biometric Parameters
2.7.1. Inoculum Preparation for Pot Experiment
FP6 was grown in King’s B broth for forty-eight hours
under shaking condition (150 rpm) at room temperature
(28±2°C). Cell pellet was collected by centrifugation and
suspended in distilled water to give a final concentration of
108 CFU/ mL. The seeds of cowpea, (C-152), were used
throughout the study They were surface-sterilized in 70%
ethanol for two minutes and in 2% sodium hypochlorite
for five minutes, followed by washing (ten times) in sterile
distilled water. Surface sterilized cowpea seeds were
soaked in aqueous solution containing P. aeruginosa FP6
(108 CFU/mL) and were left for one hour to allow the

A mixture of soil: sand (1:1) was autoclaved at 121°C
for fifteen minutes. The autoclaved soil: sand was
supplemented with three different levels of TCP and two
different levels of single super-phosphate (SSP) as
insoluble (bound) and soluble phosphate sources, in six
different combinations (Table 3). A total of twelve
different treatments, including six combinations of
phosphate sources (TCP and SSP) and two levels of
inoculum treatment
(control and test) with three
replications of each, were used for conducting the pot
studies on the plant growth enhancement of cowpea. The
seedlings were watered daily to maintain the moisture at
approximately 60% water holding capacity of the soil. The
values were expressed as their mean. All experiments were
carried out in triplicate. The effects of promoting the
bacterial-growth treatments were assessed by measuring
the biometric parameters.
2.7.3. Control and Test Pots
Control pots were supplemented with three
different levels of tricalcium phosphate and two different
level of single super-phosphate. Surface sterilized seeds
were placed in control pots. Test pots contained surfacesterilized cowpea seeds coated with P. aeruginosa FP6.
2.8. Statistical Analysis
Each data presented was the mean of three replicates.
All data were subjected to one way analysis of variance
and the mean difference was compared with the least
significant difference (LSD). Comparison with p< 0.05
was considered significantly different. The analysis of
variance was performed using SPSS (version 18) statistical
package and mean comparison were carried out using
Duncan’s multiple range test.
3. Results
FP6 isolate showed a distinct zone of clearance around
the colony on PVK medium after five days of incubation
due to solubilization of inorganic phosphate. Maximum
solubilization efficiency and an index of 52.38 % and 2.26
were observed on PVK media. The results of the present
study demonstrated P. aeruginosa FP6 to be a potent
phosphate solubilizer.
The analysis of media formulation for phosphate
solubilization by P. aeruginosa FP6 showed maximum
phosphate solubilization in medium 6 (NBRIP) containing
1% glucose and 0.01% (NH 4 ) 2 SO 4 (412.5 µg/mL), with a
drop in pH from 7.2 to 4.9 on the third day followed by
medium 5 (NBRIY) 330 µg/mL (pH 7.2 to 4.7) and
medium 4 (PVK) 270 µg/mL with a decrease in pH from
7.2 to 5 (Figure. 1) while pH being stable in control. Low
levels of P solubilization were observed in other phosphate
media. FP6 also solubilized rock phosphate (202.5 μg
/mL) by seven days of incubation. Results showed
p = 0.39) between
negative correlation (r2 = -0.159,
decrease in pH and phosphate solubilization in PVK
medium.
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failed to support growth of FP6. Though casein showed a
pH drop to 4.52, it showed only marginal P solubilization
(44.25 µg/mL). Correlation between phosphate
solubilization and acidification was found to be
statistically significant (r2 = -0.74, p = 0.038).

Figure 1. Effect of different media on phosphate solubilization.
Different letters above the bars indicate significant difference
between different media, according to LSD (p< 0.05).

Considering the amount of glucose used in the medium,
and the corresponding efficacy of P solubilization, the
PVK medium proved to be the most cost effective without
compromising the solubilization. Therefore, PVK medium
was used for further studies.

Figure 3. Effect of different nitrogen sources on phosphate
solubilization. Different letters above the bars indicate significant
differences between nitrogen sources, according to LSD (p< 0.05).

3.1. Effect of Carbon and Nitrogen Sources on P
Solubilization

3.2. Effect of KH 2 PO 4 (free Soluble Phosphate) and Tris
on Phosphate Solubilization

The Phosphate solubilization activity of FP6 when
evaluated in the presence of five different carbon and
seven nitrogen
sources by replacing glucose and
(NH 4 ) 2 SO 4 of the PVK medium showed maximum
phosphate solubilization with a decrease in pH in the
medium containing glucose (pH 4.85; 181.75 µg/mL) after
twenty-four hours of incubation followed by fructose (pH
5.83; 168.25 µg/mL), and xylose (pH 5.64; 57.75 µg/mL)
(Figure. 2), whereas sucrose and maltose showed
negligible amount of phosphate solubilization with no
decrease in pH. A significant negative correlation (r2 = 0.77, p = 0.04) was observed between phosphate
solubilization and the reduction in pH.

The presence of free soluble phosphate in the form of
KH 2 PO 4 in the medium inhibited phosphate solubilization
by FP6 (Figure. 4).The solubilization of phosphate
exhibited a negative correlation with a reduction in pH (r =
−0.29, r ≤ 0.480).

Figure 4. Effect of KH 2 PO 4 on phosphate solubilization.
Different letters above the bars indicate significant differences
between KH 2 PO 4 concentrations, according to LSD (p< 0.05).

Figure 2. Effect of different carbon sources on phosphate
solubilization. Different letters above the bars indicate significant
differences between carbon sources, according to LSD (p< 0.05).

Nitrogen salts having either ammonium or nitrate
groups were used as nitrogen source. Nitrogen salts with
ammonium group- ammonium sulphate and ammonium
chloride were found to be the best in reducing the medium
pH to 4.87 and 5.22, respectively with simultaneous
solubilization of 184.75 µg/mL and 169 µg/mL of P
(Figure 3) after twenty-four hours of incubation. Other
nitrogen sources in the form of urea, nitrate and nitrite

Since the results of the present study showed a drop in
pH corresponding to phosphate solubilization, the ability
of the strain to solubilize phosphate in different buffering
conditions was carried out. Phosphate solubilization was
observed up to 80mM Tris, and optimum phosphate
solubilization was seen in the presence of 30mM Tris (82.5
µg/mL) with concomitant drop in pH to 4.6. Additions of
Tris from 40mM onwards resulted in a drastic decrease in
phosphate solubilization with no absolute drop in pH
(Figure 5). A statistically significant (r2 = -0.91, p =
0.0017) negative correlation was developed between the
solubilization of phosphate and the decline in pH.
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aeruginosa control indicating the phosphate solubilizing
efficacy of the strain (Table 3). However, the combined
application of TCP (100 mg/ kg) with P. aeruginosa FP6
showed significant a stimulatory effect in biometric
parameters compared to control. This increase can be
attributed to the absorbance of more P from the soil and its
accumulation, resulting in increased shoot length (27.88
cm), root length (10.5 cm), fresh shoot weight (0.51g), and
fresh root weight (0.07g). This indicates a positive
influence of the combined inoculation regarding the
nutrient availability and plant growth.
Table 3. Influence of P. aeruginosa FP6 inoculation on the
growth of cowpea in the presence of different phosphorus sources

Figure 5. Effect of different concentration of Tris on P
solubilization. Different letters above the bars indicate significant
differences between Tris concentrations, according to LSD (p<
0.05).

3.3. Multiple Biocontrol Traits of P. aeruginosa FP6
under Phosphate Deficient Condition (Buffered Condition)
In the environment, the plant growth is limited by the
availability of P despite the abundance of PSBs in the
rhizosphere due to the high buffering capacity of soils and
the reduced/ loss of P solubilizing efficiency of bacteria
under buffered conditions. P. aeruginosa FP6
demonstrated P solubilization ability under buffered
conditions (upto 80mM Tris). Therefore in the present
study we explored biocontrol and PGPR abilities of this
strain under phosphate deficient conditions. When grown
on Tris-buffered (100mM) PVK media (P deficient),
P. aeruginosa FP6 showed three fold reductions in IAA,
and siderophore production as compared to unbuffered
PVK medium (P sufficient). However, a threefold increase
in the HCN production was observed in a P-deficient
medium (Table 2). There was a concurrence of Psolubilization phenotype, and multiple biocontrol traits in
P. aeruginosa FP6 under P-deficient conditions, and only
the HCN production was found to be independent of the P
solubilization trait.
Table 2. Biocontrol traits in PVK medium and Tris buffered PVK
medium.
PGPR traits
Phosphate solubilization
IAA

PVK medium

Tris buffered PVK
medium

Phosphate
treatment
(Soil)

Treatment

Shoot
length
(cm)

Control
TCP 0 SSP 0 P.
aeruginosa
FP6 (test)
Control
TCP 0 SSP 1 P.
aeruginosa
FP6 (test)
Control
P.
TCP 1 SSP 0 aeruginosa
FP6

Fresh weight
Root
Root
length Shoot
weight
weight
(cm)
(g)
(g)

16.81a

6.69a

0.29a

21.13b

8.19a,b 0.37a,b,c

0.02a

20.43b

8a

0.33a,b

0.05a

26.31c,d,e

9a,b

0.42b,c,d

0.08a

21.13b

6.59a.b 0.33a,b

0.04a

27.88d,e

10.5b

0.07a

23.39b,c,d

7.65a,b 0.40a,b,c,d 0.04a

26.88d,c

9.54a,b 0.49c,d

0.51d,e

0.02a

(test)
Control
TCP 1 SSP 1 P.
aeruginosa
FP6 (test)

0.37a,b,c

0.03a

24.4b,c,d,e

8.68a,b 0.42b,c,d

0.04a

22.75b,c

7.13a,b 0.43b,c,d

0.02a

TCP 2 SSP 1 P.
aeruginosa
FP6 (test)

25.4c,d,e

8.3a,b

0.55e

0.039a

Control
TCP 2 SSP 0 P.
aeruginosa
FP6 (test)
Control

24.31b,c,d,e 8.6a,b

0.05a

310 µg/mL

100 µg/mL

F value

91.62

115

101.83

6.94

CD @
0.05 %

3.40

1.17

0.07

0.02

6 µg/mL

2µg/mL

Siderophore

5 µM

2 µM

HCN (O.D)

0.05

0.15

3.4. Biometric Parameters in the Cowpea Plant
The effect of P on plant growth performance of the cow
pea in pot conditions was studied. Compared to the
control, a significant increase in all the growth parameters
was observed with increasing the concentration of
phosphate, but significant difference was not observed,
except in shoot weight when treated with 100 and 165 mg/
kg of TCP and superphosphate. Significant increase in
shoot length and fresh shoot weight was observed in the
combined application of phosphate source (TCP and
superphosphate) and P. aeruginosa compared to P.

TCP (tri-calcium phosphate), SSP (single superphosphate);
Subscripts 0, 1 and 2 for TCP indicate concentrations of 0, 100
and 200 mg/ kg soil respectively. Subscripts 0 and 1 for SSP
indicate concentrations of 0 and 165 mg/ kg soil respectively.
Values represent mean. Mean values followed by the same letter
are not significantly different at the 0.05 level of confidence.

4. Discussion
Phosphorus is one of the most essential elements for
the growth of plants, yet it is not a renewable resource, and
its future use in agriculture will be impacted by its
declining availability and increased cost (Hameeda et al.,
2008). P gets precipitated with calcium, iron and
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aluminium and becomes unavailable to plants. Theoretical
estimates have suggested that the accumulated P in the soil
is sufficient to sustain crop yields worldwide for about 100
years (Khan et al., 2010). Phosphatic biofertilizers in the
form of microorganisms can help increase the availability
of accumulated phosphates for plant growth by
solubilization.
Several species of Pseudomonas fall within the
promising category of growth-promoting rhizobacteria,
and a number of them have been studied for their
phosphate solubilising activity (Sharma et al., 2011).
The lack of correlation between phosphate
solubilization and pH indicated that solubilization of
Ca 3 (PO 4 ) 2 was not predominantly due to organic acid
release, but alternatively, can also be attributed to other
mechanisms such as the release of protons accompanying
respiration or NH 4 + assimilation.
Depending on the composition of the bacterial medium
and the final pH of the cultured medium, bacterial P
solubilization reported in the literature ranges from 31.5
mg/L to 898 mg/L (Ma et al., 2009; Oliveira et al., 2009).
The present study is in agreement with the above
mentioned reports.
The slow rate of rock phosphate solubilization could be
attributed to its structural complexity and particle size, as
well as the nature and quantity of the organic acid secreted
by the microorganisms, which suggests the good
adaptation of this strain to its ecological niche.
Furthermore, the inherent ability of a strain to solubilize
these natural forms of insoluble rock P can possibly be
improved by optimizing the growth parameters.
The results of the present study on the carbon source
effect are in agreement with those of Son et al. (2006) and
Pallavi and Gupta (2013) who found glucose to be the best
carbon source for phosphate solubilization in
Pseudomonas species. The role of carbon sources is
important in phosphate solubilization because the nature of
the produced acid is affected by the carbon source.
Glucose and fructose are the most frequent and abundant
sugars detected in plant exudates that might possibly affect
the microbial population which solubilize insoluble
phosphates. The increased phosphate solubilization with
glucose may be attributed to the greater availability of the
energy source for the growth of the organism and for the
acid production.
The present study results on the effect of nitrogen
source correlates with earlier reports (Sharma et al., 2013;
Karunai Selvi and Ravindran, 2012). The Phosphate
solubilization in ammonium salts, as the nitrogen source,
was substantially higher than with other nitrogen sources,
which suggested a P solubilization by the production of
organic acids through NH 4 +/H+ exchange mechanisms.
Relwani et al. (2008) have stated that the nitrate increased
the solubilization of several phosphates. The nitrate uptake
by the cell stimulates acid secretion to compensate the
cellular ionic potential. Such a stimulus was not observed
in the present study.
The inhibition of phosphate solubilization in the
presence of soluble phosphate indicates that the phosphate
solubilization ability is a stress-induced response. Similar
results have also been reported by Srividya et al. (2009).
The buffering capacity of the medium reduced the
effectiveness of FP6 strain in releasing P from TCP. This

could be attributed to the resistance in pH change by the
buffering activity of Tris. A similar observation has been
reported by Joseph and Jisha (2009).
Joseph and Jisha (2009) reported a loss of the P
solubilization in phosphate solubilizing bacteria due to
buffering. In contrast to the above-mentioned studies, FP6
isolate showed a considerable amount of phosphate
solubilization, and other PGPR ability in buffered
condition indicating that FP6 can perform better in acidic
soils.
Walpola and Yoon (2013) linked the highest growth
performance and P uptake of the mung bean to coinoculating PSB strains and adding TCP. Several studies
have shown increase in plant growth and P uptake due to
the addition of phosphate-solubilising bacteria (Velineni
and Brahmaprakash 2011; Hameeda et al., 2008). Malviya
et al. (2011) showed a significant increase in dry matter
and the groundnut yield in phosphate solubilizing fungi
inoculated soil compared to control soil.
5. Conclusion
The current study highlights the phosphate solubilising
ability of P. aeruginosa FP6. The use of this strain as
bioinoculant could be a sustainable practice to enhance the
soil fertility and plant growth. The successful use of
phosphate solubilising microorganisms along with
indigenously available cheaper sources such as the lowgrade rock phosphate (RP) can be economical.
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Abstract
In Nigeria and most West African countries, the most common pest of animal products which also infest smoked-dry fish is
Dermestes maculatus (fish weevil). The bio-insecticidal potentials of Ageratum conyzoides (goat weed) leaf powder and
extract on fish weevils was evaluated with different doses of the plant materials (0.5 – 3.0 g and 50.0-100 mg-ml). Twenty
unsexed adult weevils were exposed to these plant treatments which were all replicated thrice. The mortality rate was
observed daily for 120 hours and 72 hours (h) with the use of the powder and extract respectively. The results of this study
showed that mortality increased with the increase in gram (g) and the extract (mg-ml) concentration of A. conyzoides.
Statistically, this indicates that the application of the A. conyzoides powder of different concentrations had a significant
effect (P < 0.05; F = 13.69) on the mean percentage mortality of D. maculatus over a 120-hour period of exposure with a
Median Lethal Concentration (LC 50 ) of 0.59 g, and Median Lethal Time (LT 50 ) of 22.80 h at 3.0 g. Comparatively, the
extract application had no significant effect (P > 0.05) on the mean percentage mortality of D. maculatus over a seventytwo-hour exposure (P = 0.2573; F = 1.7422). The minimum LC 50 of the extract required to kill 50% of D. maculatus was
determined as 36.86 mg-ml. The overall results showed that the extract was more toxic than the powder. The effectiveness of
the phytochemical components of A. conyzoides against D. maculatus, as well as the local availability of the plant make it an
attractive choice in pest-management practices. Therefore, dry fish traders are advised to use A. conyzoides for the protection
and storage of smoked-dry fish against weevil infestations.
Keywords: Insecticidal, Toxicity, Mortality, Weevil, Dermestes maculatus, Ageratum conyzoides

1. Introduction
Smoked fish is one of the most widely distributed and
cheapest animal protein product available in Nigeria. It is
also an important source of food and income for many
people, especially in the Southern part of Nigeria, where
over 25% of the population depend on it as a rich source of
protein, essential amino acids, vitamins and minerals
(Azam et al., 2004; Aderolu and Akpabio, 2009 and Ito,
2017). In West Africa, particularly Nigeria; the total
annual consumption of fish is 1.2 million tons (FAO, 2004
and FDF, 2005) of which 45% of the total fish catch are
utilized as smoked fish (FAO, 2002).
In Nigeria and most West African countries, the most
common pest of animal products, which also infest
smoked fish, is the hide weevil Dermestes maculatus
(Degeer). A large-scale deterioration in quality, and 50%
losses in quantity of dried fish, due to dermestid
infestation, have been reported (Egwunyenga et al., 1998
and Odeyemi et al., 2000). Ito and Ighere (2017a) stated
*
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that during storage, transportation and marketing, smoked
fish is readily attacked by several species of insects,
notably Dermestes maculatus, D. frischii, D. ater and
Necrobia rufipes. These weevils form aggregations of 1 –
13 weevils around food sources where individuals feed and
mate (McNamara et al., 2008).
Problems of pest resistance/resurgence, residual/
vertebrate toxicity, widespread environmental hazards, and
the increasing costs of the application of synthetic
insecticides have created a need for the utilization of
effective, ecofriendly and biodegradable botanicals such as
Ageratum conyzoides (goat weed), a promising botanical
insecticide. The use of plant products in the control of
insect pests is influenced by its availability, safety and
effectiveness. A. conyzoides is a common weed found in
several countries in tropical and sub-tropical regions,
including Nigeria where its control is often difficult. The
aqueous extracts of the whole plant have been used by
Shabana et al., (1990) to cause a significant reduction of
larvae emergence of root knot nematode, Meloidogyne
incognita. Gbolade et al., (1999) also confirmed the
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insecticidal properties of the volatile oil of A. conyzoides
against Callosobruchus maculatus and Tribolium
cataneum (Singh et al., 2014). The aqueous extracts of the
leaves or whole plants have been used to treat colic, colds
and fevers, diarrhea, rheumatism, spasms; they have been
used also as a tonic (Negrelle et al., 1988; Oliveira et al.,
1993). A. conyzoides contains monoterpenoids,
diterpenoids, sesquiterpenoids and other compounds,
including alkaloids, cumarins, flavonoids, chromenes
(conyzorigum), benzofurans, sterols and terpenoids, which
exhibit ovicidal, larvicidal, repellent, deterrent,
antifeedant, and toxic effects in a wide range of insects.
This study is aimed at evaluating the bioinsecticidal
potentials of the leaf powder and extracts of goat weed, (A.
conyzoides), on fish weevils (Dermestes maculates).
2. Materials and Methods
2.1. Preparation of Plant Powders
The leaves of A. conyzoides were dried under shade for
several days to prevent breakdown and loss of
phytochemical components. The dry leaves were ground
by an electric blender and were sieved to obtain the
powder which was stored in an air tight container.
2.2. Preparation of Crude Extracts
The extract of the A. conyzoides plant material was
prepared by dissolving 50 g of the powder in 1000 mL of
95% ethanol, giving a concentration of 0.05 g/mL each.
The extraction was done using the Soxhlete extractor. The
process was repeated several times, and the supernatant of
the plant extracts were decanted. A crude extract was
obtained after the complete removal of the solvents with
vacuum evaporation at temperature <40ºC to produce a
thick liquid and syrupy material. From the main extract,
1.5 g, 2.25 g and 3 g were taken and dissolved in 30 mL of
the solvent in a separate jar to produce a concentration of
50 mg-ml 75 mg-ml and 100 mg-ml extract concentration
which was used for the test.
2.3. Insect Culture and Maintenance
The Dermestes maculatus weevils used in this study
were obtained from infested catfish (Clarias gariepinus)
bought locally from Abraka market in Delta State, Nigeria.
The pest was cultured in the Department of Animal and
Environment Biology Laboratory, Delta State University,
Abraka. Heavily infested catfish were put in different
plastic containers covered with muslin cloth, and held
tightly in a place to prevent the entry and exit of the
weevils. A new generation of D. maculatus was obtained
from the stock cultured by infesting clean uninfected
catfish with adult D. maculatus. The newly emerged
insects were then collected and used for the study
(Egwuyenga et al., 1998).
2.4. Toxicity Test of A. conyzoides Powders
The current study was carried out using four different
doses (0.5, 1, 1.5, 2, 2.5 and 3 g) of A. conyzoides
powders. Each dose was placed in a clean Petri dish and
replicated three times. Ten grams of uninfested dry catfish
(C. gariepinus) were put into the different Petri dishes
containing the plant powder. This was done in the replicate
of the different doses. Each Petri dish was shaken

mechanically to ensure that the powder and dry catfish
were thoroughly mixed. Twenty unsexed adult weevils
were collected from the culture, and added to each treated
catfish in the Petri dishes. The dishes were then covered to
prevent the weevils from escaping. A control experiment
consisting of ten grams of catfish and twenty weevils was
also setup and replicated. The experimental set-up was
observed for pest mortality over a period of 120 hours (5
days).
2.5. Toxicity Test of Crude Plant Extracts of A. conyzoides
This study was carried out using three different
concentrations (50, 75, and 100 mg-ml) of the A. conyzoides
leaf extract. Each concentration (50, 75 and 100 mg-ml)
was used to treat the filter paper placed on a clean Petri
dish, and was left for twenty-four hours to dry. These were
replicated three times for each concentration. Ten grams of
uninfected dry catfish (C. gariepinus) were put into the
different Petri dishes containing the plant extract. This was
done in the replicate of the different concentrations.
Twenty unsexed adult weevils (D. maculatus) were
collected from the culture and added to each treated Petri
dish. The dishes were then covered to prevent the escaping
of the weevils. A control experiment consisting of ten
grams of catfish and twenty weevils was also setup and
replicated. The experimental set-up was observed for a
period of seventy-two hours for pest mortality.
2.6. Statistical Analysis
The data collected were analyzed by finding the
average number of dead D. maculates during the 120-hour
exposure to the different concentrations, and then
converting it to mortality percentage.
The mean
percentage mortality obtained was then subjected to a twoway ANOVA to determine the significant difference using
SPSS 17, and the results were interpreted accordingly.
3. Results
The results of the assessment of the biopesticidal
efficacy of A. conyzoides (goat weed) at different
concentrations of powders and extracts against D.
maculatus (fish weevil) over a 120-hour period of
exposure are presented in Tables 1 – 4.
3.1. Toxicity of A. conyzoides Powder on D. maculatus
Table 1 shows that the daily (24 h interval) mean
mortality of the unsexed catfish weevils under the effect of
the A. conyzoides powder over a 24 – 120-hour exposure
period gave a cumulative mean percentage mortality of
43.33, 76.67, 88.33, 96.67, 98.33 and 100% at 0.5, 1, 1.5,
2, 2.5, and 3 g concentrations respectively. This study also
showed that mortality increased as the gram (g)
concentration of the powder of A. conyzoides increased
from 0.5 – 3.0 g. Statistically, this indicated that the
application of the A. conyzoides powder with different
concentrations had a significant (P < 0.05; F = 13.69)
effect on the mean percentage mortality of D. maculatus
over a 120-hour period of exposure. The data presented in
Table 1 revealed also that the A. conyzoides powder at its
peak concentration (3.0 g) gave the highest mortality (100
%) of fish weevils. The first twenty-four hours of
application of the plant powder recorded the highest
weevil mortality with all the concentration of A.
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conyzoides (Table 1). However, no mortality was observed
in the negative control (triplicates without plant treatment).
The results of the probit analysis percentage for the
median lethal concentration (LC 50 ) on the mortality of D.
maculatus is presented in Figure 1. The minimum
concentration required to kill 50% of the fish weevils was
determined to be a concentration of 0.59 g (Table 1).
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presented in Table 2. The minimum time required to kill
50% of D. maculatus at 0.5 – 3.0 g of A. conyzoides was
determined (Figures 2 – 7). The LT 50 value for gram
concentration after the treatment indicated that 3.0 g was
the most toxic at the minimum time giving an LT 50 of
22.80 h (Table 2). 0.5 g was the least effective dose
causing a mortality rate of 50% of D. maculatus over an
exposure time of 115.2 hours.

3.1.1. Median Lethal Time LT 50 of A. conyzoides Powder
The respective regression equation, R2 and LT 50 values
caused by the plant powders at different concentrations are

Table 1. Mean percentage mortality (Mean ± S.E) of D. maculatus exposed to A. conyzoides leaf dust in 120 hours.
Plant
powder
Doses
(g)

Mean Mortality (%)

24h

48h

72h

96h

120h

Control

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.5

11.67 ± 1.67

11.67 ± 1.67

10.00 ± 0.00

6.67 ± 1.67

1.0

25.00 ± 2.89

18.33 ± 1.67

15.00 ± 2.89

1.5

30.00 ± 2.89

25.00 ± 5.00

18.33 ± 4.41

2.0

28.33± 6.01

25.00 ± 5.77

2.5

31.67 ± 1.67

3.0

41.67 ± 4.41

No. of
Dead
weevil

Cumulative Mean
% Mortality at
120h

LC 50
(g)

0.00 ± 0.00

0.00

0.00

0.59

3.33 ± 1.67

26.00

43.33

10.00 ± 2.89

8.33 ± 3.33

46.00

76.67

8.33 ± 4.41

6.67 ± 1/67

53.00

88.33

25.00 ± 2.89

13.33 ± 4.41

5.00 ± 2.89

58.00

96.67

28.33 ± 3.33

30.00 ± 5.77

5.00 ± 5.00

3.33 ± 3.33

59.00

98.33

26.67 ± 4.41

25.00 ± 2.89

6.67 ± 6.67

0.00 ± 0.00

60.00

100.00

Exposure Hours (h)

Percentage values are mean of triplicates observations with 20 weevils per replicate; F = 13.69; P<0.05
Table 2. Cumulative mean mortality (%) of D. maculatus, regression equation and median lethal time (LT 50 ) caused by A. conyzoides leaf
dust.
Plant
powder
Doses (g)

Cumulative Mean Mortality (%)
Exposure Hours (h)
R2 value

Correlation (%)

LT 50 (h)

24h

48h

72h

96h

120h

Regression equation

0.5

11.67

23.34

33.34

40.01

43.33

y = 0.4266x + 1.12

0.9264

92.64

115.2

1.0

25.00

43.33

58.33

68.33

76.67

y = 0.5347x + 15.83

0.9732

97.32

64.20

1.5

30.00

55.00

73.33

78.33

88.33

y = 0.5972x + 22.67

0.9277

92.77

45.60

2.0

28.33

53.33

78.33

91.66

96.67

y = 0.7291x + 17.17

0.9384

93.84

45.60

2.5

31.67

60.00

90.00

95.00

98.33

y = 0.7013x + 24.50

0.8659

86.59

36.00

3.0

41.67

68.34

93.34

100.00

100.00

y = 0.618x 36.17

0.8524

85.24

22.80

Figure 1. Percentage probit kill of D. maculatus exposed to A.
conyzoides gram concentration at

Figure 2. Time-mortality (LT 50 ) response of D. maculatus
exposed to 0.5 g of A. conyzoides dust.
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Figure 3. Time-mortality (LT 50 ) response of D. maculatus
exposed to 1.0 g of A. conyzoides dust.
Figure 7. Time-mortality (LT 50 ) response of D. maculatus
exposed to 3.0 g of A. conyzoides dust.

3.2. Toxicity of A. conyzoides Extract on D. maculatus

Figure 4. Time-mortality (LT 50 ) response of D. maculatus
exposed to 1.5 g of A. conyzoides dust.

The mortality caused by A. conyzoides also showed a
similar mortality trend similar to the powder. Here,
mortality of D. maculatus increased with increasing the
concentration (mg-mL) of the extract used in the test;
hence the mortality was concentration-dependent. The
extract of A. conyzoides at 75.0 and 100.0 mg-mL per ten
grams of smoked catfish exhibited the highest cumulative
mean mortality of 93.34 % and 100.0% respectively (Table
3). ANOVA showed that the application of A. conyzoides
extract at different concentrations had no significant effect
(P > 0.05) on the mean percentage mortality of D.
maculatus over a seventy-two-hour period of exposure (P
= 0.2573; F = 1.7422). The results for the probit analysis
percentage for median lethal concentration (LC 50 ) on the
mortality of D. maculatus is presented in Figure 8. The
minimum concentration required to kill 50% of the fish
weevils was determined to be an extract concentration of
36.86 mg-ml (Table 3).
3.2.1. Median Lethal Time LT 50 of the A. conyzoides
Extract

Figure 5. Time-mortality (LT 50 ) response of D. maculatus
exposed to 2.0 g of A. conyzoides dust.

Figure 6. Time-mortality (LT 50 ) response of D. maculatus
exposed to 2.5 g of A. conyzoides dust.

The regression equation, (R2 and LT 50 ) values caused
by the leaf extract of the plant at different concentrations
are presented in Table 4. The minimum time required to
kill 50% of D. maculatus at 50.0 – 100.0 mg-mL of A.
conyzoides was also determined and presented in Figures 9
– 11). The LT 50 value for all the extract concentrations
after the treatment indicated that 100.0 mg-mL was the
most toxic with the minimum time giving an LT 50 of 15.40
h (Table 4). The least effective dose was 50.0 mg-mL,
causing 50% mortality of D. maculatus after 26.48 hours
of exposure.
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Table 3. Mean percentage mortality (Mean ± S.E) of D. maculatus exposed to A. conyzoides leaf extract in 72 hours.
Mean Mortality (%)
Plants’ Extract
Conc. (mg/mL)
Control

Exposure Hours (h)
24h

48h

72h

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

No. of Dead
weevil

Cumulative Mean %
Mortality at 120h

LC 50 (mg-ml)

0.00

0.00

36.86

50.0

43.33 ± 0.33

33.33 ± 0.33

13.33 ± 0.33

54.00

89.99

75.0

45.00 ± 0.58

31.67 ± 0.33

16.67 ± 0.33

56.00

93.34

100.0

53.33 ± 0.33

36.67 ± 0.88

10.00 ± 0.58

60.00

100.00

Percentage values are mean of triplicates observations with 20 weevils per replicate; F = 1.7422; P > 0.05
Table 4. Cumulative mean percentage mortality of D. maculatus, regression equation and median lethal time (LT 50 ) caused by A.
conyzoides leaf extract.
Plants’ Extract
Conc. (mg/mL)

Cumulative Mean Mortality (%)
Exposure Hours (h)
Regression equation

R2 value

Correlation (%)

LT 50 (h)

24h

48h

72h

50.0

43.33

76.66

89.99

y = 0.9721x + 23.33

0.9423

94.23

26.48

75.0

45.00

76.67

93.34

y = 1.0071x + 23.33

0.9689

96.89

26.00

100.0

53.33

90.00

100.00

y = 0.9723x + 34.44

0.9018

90.18

15.40

Figure 8. Percentage probit kill of D. maculatus exposed to A.
conyzoides extract concentration at LC 50 ; Regression equation
inclusive.

Figure 10. Time-mortality (LT 50 ) response of D. maculatus
exposed to 75.0 mg-ml of A. conyzoides extract.

Figure 9. Time-mortality (LT 50 ) response of D. maculatus
exposed to 50.0 mg-ml of A. conyzoides extract.

Figure 11. Time-mortality (LT 50 ) response of D. maculatus (fish
weevil) exposed to 100.0 mg-ml of A. conyzoides extract.
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4. Discussion
The current study showed that the A. conyzoides
powder treatment was toxic to D. maculates, and the
application of the powder at different concentrations had a
significant effect (P < 0.05) on the mean percentage
mortality of the weevils over a 120-hour period of
exposure. A high mortality rate of 100.0% of the weevils
was recorded at 3.0 g of the A. conyzoides powder per ten
grams of the substrate (dry smoked catfish). This finding is
in agreement with Singh et al., (2014) who reported a
100.0% mortality rate of T. castaneum using A.
conyzoides. Similarly, Akinwumi (2011) also documented
a 100.0% rate killing D. maculatus with ten grams of
powder per 100.0 g of fish using Dennettia tripetala,
Eugenia aromatic, Piper guineense, and Monodora
myristica. The current study also revealed that the
minimum concentration required to kill 50% of the fish
weevils was 0.59 g of the plant/10.0 g of smoked-dried
fish (Table 1).
In the present study, there was no significant difference
(P>0.05) in the percentage of mortality of D. maculatus
using A. conyzoides extracts as shown by the statistical
analysis. In all treatments, mortality was relatively more at
higher doses (2.5 g and 3.0 g), and more with the extract
concentration being (75 and 100 mg-ml) than lower extract
concentration (50 mg-ml). This shows that A. conyzoides
has promising bioactive properties for dry-smoked fish
traders in the tropics. The crude plant extracts of the plant
have also showed insecticidal and pesticidal activities
against various types of insects and pests (Kamboj and
Saluja 2008). The application of the ethanol extract and
powder on D. maculatus exhibited high insecticidal
activity against the weevils (Table 3). The findings of the
current study are in accordance with those of other
researchers, who had reported earlier that the plant
powders and extracts, including those of A. conyzoides are
toxic to insects (Singh et al., 2014; Ito et al., 2015;
Uwamose et al., 2017 and Ito and Ighere 2017b). The
mortality percentage was significantly (P < 0.05) higher
with the use of the powder of A. conyzoides, but not the
ethanolic extract (P > 0.05). The extracts caused more
than 80% mortality rate at all extract concentrations.
Although no mortality was observed in the control set-up.
The results obtained in this study are in accordance with
Ito and Ighere (2017b) who reported that ethanolic extracts
of the plant usually contain more active insecticidal
ingredients than the powder.
The extract of A. conyzoides gave better mortality
effects than the leaf powder (Table 1 and 3). The different
effects may can be attributed to the presence of higher
proportions of active chemical components in the extract
than in the powder. A wide range of chemical compounds,
including alkaloids, cumarins, flavonoids, chromenes,
benzofurans, sterols, and terpenoids have been isolated
from A. conyzoides. Extracts and metabolites from this
plant have been found to possess pharmacological and
insecticidal activities (Vyas and Mulchandani, 1980). A.
conyzoides contain bioactive compounds, such as
terpenics, mainly precocenes, with antijuvenile hormonal
activity that may affect the growth and development of the
insect, rather than being the direct cause to insect
mortality. Vyas and Mulchandani (1980) reported the

action of chromenes (precocenes I and II) isolated from
Ageratum plants that accelerate larval metamorphosis
resulting in maintaining the juvenile forms or producing
weak and small adults. They also stated that conyzorigum
is the active ingredient of chromene in A. conyzoides
which could be the reason for the high mortality observed
in this present study. The two chromenes have been
reported to act synergistically, and they survived
metabolism for at least twelve days (Fagoonee and Umrit,
1981).
Comparatively, the mortality of weevils fed on fish
substrate, and treated with the extract of the A. conyzoides
leaf at both concentrations was very much higher than
those fed on substrate and treated with the powder. This
indicates that the leaf powder of A. conyzoides has less
bioactive substances than the extract. The cause of the high
mortality of D. maculatus adults within three to five DAT
could be due to conyzorigum substances in A. conyzoides
which act as an antifeedant and a stomach poison. There is
a possibility that the active component, conyzorigum,
whose synergetic effects of precocenes I and II was at the
highest concentration in the extract resulting in rapid
mortality of adult D. maculatus.
5. Conclusion
The use of indigenous plant-based products by
individuals and communities can provide prophylactic
measures for the protection against various insect pest
infestations. Therefore, smoked-fish traders are advised to
use the A. conyzoides plant, commonly called “shell leaf,
in Nigeria, for the better protection and storage of their
products, because of its effectiveness, less hazards,
availability and easy accessibility, and also for its
medicinal functions. The ethanolic extract of A. conyzoides
is a better botanical insecticide; however, further studies
need to be conducted to ascertain which phytochemical is
the active ingredient responsible for the D. maculatus
mortality.
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Abstract
Surgical site infections (SSIs) represent a major healthcare challenge. This retrospective study aimed to assess the frequency
of SSIs, the bacterial profile, and the antibiogram of the isolates, from a tertiary hospital in Jordan. Data regarding SSIs were
obtained from hospital records throughout the year 2015. The prevalence rate of SSIs was 5.4%. Gram-negative bacteria
were more common than Gram-positive (57% vs. 43%). Staphylococcus aureus (35%) and Escherichia coli (24.5%) were
the most common etiologies. Among Gram-positive isolates resistance was highest for ampicillin, and least for linezolid,
teicoplanin, and vancomycin. Among Gram-negative isolates, resistance was highest for ampicillin, ciprofloxacin, and
amoxicillin-clavulanate, and least for gentamicin, piperacillin-tazobactam, and meropenem. Surveillance of SSIs, the
causative bacteria, and the bacterial antibiograms, are necessary for implementing strict infection control measures, and in
the selection of effective antibiotic treatments to decrease the mortality and morbidity rates associated with SSIs. Most SSI
cases were detected in individuals aged fifty-five years old or more, and combined with comorbidities, ex. diabetes mellitus.
Keywords: Surgical site infection, Prevalence, Antibiogram, Jordan, S. aureus, E. coli.

1. Introduction
Surgical site infections (SSIs) represent a major part of
the health-care associated infections worldwide, and are
responsible for the increasing morbidity and mortality
rates, length of hospital stay, and health-care costs (Owens
and Stoessel, 2008).
Despite advances in infection control and surgical
procedures, SSIs are considered a serious healthcare
problem with an estimated incidence rate of 2-20%, even
in modern hospital settings (Hohmann et al., 2012; Owens
and Stoessel, 2008; Vikrant et al., 2015). For example, SSI
incidence rates in different socioeconomic level countries
were 20.3% in Nigeria, 16% in India, and 14.7% in Japan
(Qasem and Hweidi, 2017).
SSIs can be attributed to endogenous or exogenous
bacteria during primary infections (infections detected, and
causative agents isolated from the patients before starting
the surgery). They may occur also as secondary infections
after surgeries (Vikrant et al., 2015). Multiple host and
pathogen factors affect the risk of SSIs, including old age,
existing co-morbidities, prolonged duration of surgery, and
preoperative preparation and sterilization techniques
(Masaadeh and Jaran, 2009; Owens and Stoessel, 2008).
Bacteriological causes of SSIs vary depending on
factors such as geographical location, hospitals, wards, and
type of surgical procedures (Owens and Stoessel, 2008).
This can become more complicated in places where over*
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crowding, improper infection-control procedures, and
antibiotic misuse exist. In particular, this is true in
developing countries with low resources, where even basic
operations such as appendectomies can lead to an
increased mortality rate due to the high rates of infections
(Vikrant et al., 2015).
Surgical site infections are encountered in Jordan in
healthcare settings associated with high rates of mortality
and morbidity. For instance, SSI incidence in coronary
artery bypass graft surgery (CABG) in Jordan reaching
16.8% (Qasem and Hweidi, 2017).
The aim of this study is to assess the bacterial profiles
and the associated antibiotic susceptibility profiles in SSIs
which occurred in a 450-bed tertiary hospital in Amman,
the capital of Jordan.
2. Materials and Methods
This retrospective study was carried out in a tertiary
hospital in Amman, Jordan. The hospital has a 450 bed
capacity, and performs approximately 1900 surgeries per
year.
The scientific approval for this study was obtained
from Mutah University, Faculty of Medicine, Jordan.
(19/5/2014)
Data on patients with confirmed SSIs for the year 2015
were collected from medical records. Data included age,
sex, type of surgery, and presence of comorbidities.
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The data on laboratory sample type, isolated species,
and their antibiotic susceptibility, were collected
electronically using Hakeem program (Electronic health
solutions, 2014).

most commonly isolated species, and was found in 36
(35%) cases. Eight methicillin-resistant S. aureus (MRSA)
isolates were also reported (7.8%). The second mostcommon species was E. coli which was found in 25 cases
(24.5%). Other common bacteria included Pseudomonas
spp. (15.6%) and Citrobacter spp. (9.8%).
The highest rate of resistance within the Gram-positive
isolates was for ampicillin (75%) and ciprofloxacin
(45.5%), but all isolates were susceptible to linezolid,
teicoplanin, vancomycin, and cefoxitin (Table 1). The
highest rate of resistance among Gram-negative isolates,
was for ampicillin (87.2%), and the least was for
meropenem (8.2%) (Table 2).
Patients with comorbidities, in particular patients with
diabetes mellitus, were at a significantly higher risk of
developing SSIs (data not shown).

3. Results
A total of 102 cases were confirmed as SSIs
constituting an overall incidence rate of about 5.4%. The
mean age of patients was 55.1 years with a range of 25-75
years. Peak incidence was at ages older than fifty-five
years. Males represented 46% of the cases with no
statistically significant difference from females.
Isolated bacteria and their antibiograms are shown in
tables 1 and 2 for Gram-positive and Gram-negative
bacteria, respectively. Gram-positive bacteria (Table 1)
were isolated from 44 (43%) cases, compared to 58 (57%)
for Gram-negative bacteria (Table 2). S. aureus was the
Table 1. Antibiotic sensitivity for Gram-positive isolates.
Pathogen/count
(Total 44)

Antibiotic susceptible isolates’ count, %
AMP

CIP

SXT

GN

AMC

LNZ

TEC

VAN

CEF

S. aureus / 36

9, 25%

20, 55.5%

27,75%

22,61%

23, 63.8%

36, 100%

36, 100%

36, 100%

36, 100%

MRSA / 8

0

4, 50%

6, 75%

5, 62.5%

NT

8, 100%

8, 100%

8, 100%

8,100%

AMP: ampicillin, CIP: ciprofloxacin, SXT: trimethoprim sulfamethoxazole, GN: gentamicin, AMC: amoxicillin-Clavulanate, LZD:
linezolid, TEC: teicoplanin, VAN, vancomycin, CEF: cefoxitin. NT: not tested.

Table 2. Antibiotic sensitivity for Gram-negative isolates.
Pathogen/count
(Total 58)

Antibiotic susceptible isolates’ count, %
AMP

CIP

CTX

SXT

GN

E. coli / 25

9, 36%

18, 72%

20, 80%

16, 64%

24,96%

Pseudomonas/ 16

0

4, 25%

NT

5, 31.2%

Citrobacter / 10

0

7, 70%

0

Proteus spp./ 4

1, 25%

2, 50%

Klebsiella / 3

0

2, 66.6%

AMC

CAZ

TAZ

MEM

17,68%

NT

25, 100%

25, 100%

14, 7.5%

4, 25%

11, 8.7%

13,81.2%

15,93.7%

5, 50%

7, 70%

0

NT

7,70%

9, 90%

2, 50%

2, 50%

3, 75%

3,75%

NT

3, 75%

3, 75%

1, 33.3%

2,66.6%

2, 66.6%

0

NT

2, 66.6%

3,100%

AMP: ampicillin, CIP: ciprofloxacin, CTX: cefotaxime, SXT: trimethoprim sulfamethoxazole, GN: gentamicin, AMC: amoxicillinclavulanate, CAZ: ceftazidime, TAZ: piperacillin-tazobactam, MEM: meropenem. NT: not tested.
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4. Discussion
Surgical site infections (SSIs) are still a challenging
healthcare problem despite the advances in the surgical
techniques, and the infection prevention measures (Owens
and Stoessel, 2008; Vikrant et al., 2015). The rate of SSIs
varies from hospital to hospital with a range of 2.5% to
41.9% (Vikrant et al., 2015; Malik et al., 2011). In this
study, the SSIs rate was 5.4%, which is consistent with
what was previously reported (Malik et al., 2011), but
higher than SSIs rates in the United States (2.5%) and
Europe (2-5%) (Satyanarayana et al., 2011). Crowdedness
and improper infection-control measures could explain the
higher incidence in the current study compared to that in
developed countries.
There was no significant difference regarding incidence
between males and females, as they represented 46% and
54% of the cases, respectively. However, incidence rate
increased with the increasing age, and the presence of
comorbidities, mainly diabetes mellitus (data not shown).
The mean age of patients was 55.1 years, and the peak
incidence was at the age older than 55 years. Patients older
than 55 years represented 60% of all SSIs cases. Advanced
age and presence of underlying co-morbidities are
important factors that increase the rate of SSIs due to
conditions such as low immunity and slow healing wounds
(Khan et al., 2013).
In this study, the predominant species was S. aureus
(35%), which is in agreement with previous studies that
reported S. aureus to be the most common cause of SSIs
(Chakarborty et al., 2011; Mulu et al., 2012). S. aureus is
part of the normal flora and can lead to endogenous
infections. However, healthcare workers, the environment,
and contaminated instruments, may also be the source of
such infections (Anguzu and Olila, 2007; Isibor et al.,
2008). All S. aureus isolates were susceptible to linezolid,
teicoplanin, vancomycin, and cefoxitin, which is important
to note when antibiotic guidelines are updated.
On the other hand, E. coli was the most common
isolated Gram-negative species in this study with a rate of
23.1%, followed by P. aeruginosa at a rate of 14.8%. This
is consistent to what has been reported previously by other
studies (Ahmed, 2012; Anguzu and Olila, 2007; Mulu et
al., 2012; Vikrant et al., 2015). Endogenous fecal flora
could be the reason for the observed high incidence of E.
coli, in addition to poor hospital hygiene (Malik et al.,
2011; Vikrant et al., 2015). Susceptibility was highest for
meropenem, and least for ampicillin.
The rate of SSIs in this study was comparable to that in
other studies. However, the antibiogram was different than
what was previously reported (Masaadeh and Jaran, 2009;
Sohn et al., 2002; Vikrant et al., 2015). This could be due
to differences in the prevalence of bacterial strains among
the population, variable infection-control measures and
surgical techniques, and a high-likelihood of antibiotics
misuse.
5. Conclusion
The findings of the current study give an additional
significant insight into the SSIs prevalence and the
antibiotic profile which are necessary for a better
implementation of infection-control measures and
antibiotic use guidelines. The findings create an awareness
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which would in turn decrease patients’ mortality and
morbidity rates, and provide guidance for the proper use of
antibiotics and the implementation of strict infectioncontrol measures. Studies with a bigger sample size and at
a national level are recommended for more statistically
relevant conclusions.
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Abstract
Mediterranean spotted fever (MSF) is a tick-borne disease caused by Rickettsia conorii. The classic clinical triad comprises
high fever, an inoculation eschar, and a maculopapular non-pruritic rash. Serological testing is the most frequently used
diagnostic method. Treatment involves antibiotics, preferably doxycycline. A two-day-old neonate developed sepsis and a
skin rash. There was a high index of suspicion for MSF because the mother and four of her children were diagnosed with
MSF in synchronization with the clinical presentation of this neonate. As far as one knows, congenital rickettsia as a cause
of early neonatal sepsis has not been reported. However, limited data were reported using animal models. There are several
challenges regarding its diagnosis and the selection of proper antibiotics for this age group. This paper discusses the
challenges of its diagnosis, treatment, and impact on the neonate, this paper also reviews the literature regarding placental
transmission of Rickettsia conorii. To the best of our knowledge, this is the first case study reporting that the early neonatal
sepsis is caused by R. conorii (the Moroccan strain) in Jordan. Physicians caring for pregnant women and neonates living in
areas with endemic MSF should consider the possibility of MSF in febrile patients and initiate early appropriate treatment
based on a high index of suspicion.
Keywords: Mediterranean spotted fever; Rickettsia conorii; Neonate; Placenta; Doxycycline; Jordan

1. Introduction
Mediterranean spotted fever (MSF), also known as
Boutonneuse fever, is an acute febrile zoonotic disease
caused by Rickettsia conorii. It is transmitted to humans
through a tick bite of the brown dog, Rhipicephalus
sanguineus. It is one of the oldest recognized vector-borne
infectious diseases (Parola et al., 2009). R. conorii is an
obligate intracellular bacterium that infects vascular
endothelial cells. MSF is an endemic disease present in
many countries, especially those that surround the
Mediterranean Sea. The first case of MSF was reported in
1910 in Tunisia; however, in the past few decades, the
incidence of this tick-borne disease has remarkably
increased in several countries (Rovery et al., 2008),
including Jordan.
The clinical course of MSF is usually mild. However, it
can be severe in some cases, and therefore requires special
attention. The mortality rate of cases diagnosed with MSF
has been estimated at approximately 2.5% (Bacellar et al.,
2003). After an asymptomatic period of approximately one
week following the infection, high fever usually arises
*
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with flu-like symptoms, and a black eschar at the tick-bite
site usually occurs (Raoult and Roux, 1997). Between one
to seven days (median, four days) following the onset of
fever, a generalized maculopapular rash develops. Patients
usually recover within ten days without any sequelae.
However, severe forms of the disease are associated with
different complications, including major neurological
manifestations and multi-organ involvement in 5 to 6 % of
the cases (Raoult, et al., 1983).
Diagnosis is usually based on the clinical symptoms
and serology. In addition, common nonspecific laboratory
abnormalities in rickettsiosis include mild leukopenia,
anemia, and thrombocytopenia. Moreover, hyponatremia,
hypoalbuminemia, and hepatic and renal abnormalities
may occur, but testing for these non-specific abnormalities
is not essential for establishing the diagnosis of MSF
(Raoult et al., 1997). With respect to serological tests, a
comparison of acute- to convalescent-phase serology is
required; hence, it is only helpful in retrospect. To the best
of the authors’ knowledge, this is the first case report
discussing the occurrence of early neonatal sepsis in
Jordan as a result of the Mediterranean spotted fever (R.
conorii; the Moroccan strain).
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2. Case Presentation
The patient in the present case study was born in AlKarak Hospital at a thirty-eight-week gestational age. The
mother is twenty-nine years old, gravida 7, para 6. The
results of her antenatal screening tests were as follows:
rubella-immune; the venereal disease research laboratory
test was nonreactive, hepatitis B serum antigen was
negative, group B Streptococcus (GBS) status was
unknown, and her blood type was B+. This pregnancy was
uneventful until thirty-seven-week gestation (four days
prior to admission) as the mother experienced fever,
documented as 39°C when measured orally, together with
dizziness, chills, diffuse skin rash, dry cough, and
headache.
Her medical and surgical history was not relevant. Her
family history revealed that four of her children had
similar clinical profiles of high-grade fever, skin rash, and
headaches. These children were admitted to the pediatric
ward one day prior to her admission.
The general physical examination of the mother yielded
normal results except for high-grade fever (39°C).
However, the skin examination showed diffuse
maculopapular rashes, which started four days prior to
admission, and involved the entire body. The obstetric
examination showed a thirty-eight-week single viable fetus
in vertex presentation, with adequate amniotic fluid,
anterior placenta, and no obvious gross congenital
anomaly. The mother’s other physical examinations were
normal. Her basic investigations haven’t revealed any
abnormalities except for ESR which was 110 mm/hr.
The mother was admitted to the obstetrics ward with a
chest infection, and was administered antibiotics
(Ceftriaxone and Azithromycin). After three days of
treatment, she was stable and afebrile. The non-stress test
showed a normal reactive fetus. Induction of labor was
initiated. Intrapartum prophylaxis for group B
streptococcus was started using 2 g of ampicillin as the
loading dose followed by 1 g every eight hours. The
membranes were ruptured eight hours before delivery, and
the liquor was clear. All stages of labour were uneventful.
The newborn’s APGAR score was 7/8, weight was 3 kg,
and head circumference was 35 cm. The routine neonatal
care was provided, and no specific resuscitation
procedures were needed. Therefore, the newborn was
discharged with his mother twelve hours after delivery
following the routine postnatal examination.
The newborn was readmitted to hospital on day two of
life with a history of high-grade fever associated with a
maculopapular skin rash and diarrhea. In addition, he was
hypoactive with poor feeding, and had been lethargic for
twelve hours prior to admission. The general physical
examination showed an ill-looking baby who was
hypoactive but conscious and not distressed. The vital
signs were as follows: temperature 39°C measured
rectally; heart rate 140 bpm; Respiratory rate 60; O 2
saturation 96% in room air; blood pressure normal; and
capillary refill time within two seconds. The newborn was
hypoactive with weak crying, and jaundiced with acrocyanosis, but no central cyanosis or pallor. The skin
examination showed maculopapular skin rashes over the
antecubital area, groin, and anterior aspect of the neck,
which diffused later to involve the entire body. His

neurological examination showed poor motor reflexes,
poor sucking reflexes, and poor response to tactile
stimulation, the anterior fontanelle was open and not
bulging. All suture lines were normal, with no signs of
birth trauma. There were no dysmorphic features. His
cardiovascular, respiratory, and genitourinary examination
results were normal.
The newborn was admitted for treatment of early
neonatal sepsis. His initial septic work-up was negative for
the usual-early neonatal sepsis-microorganisms (Table 1),
the baby was administered ampicillin and gentamicin. A
few hours after admission, he developed more diffuse skin
rashes. The serological test results for his brother and
sisters came back strongly positive for rickettsia (Table 2).
Because the mother’s serological test results were
equivocally positive on day ten following the start of her
symptoms, it was suspected that the newborn had
congenital rickettsia. Therefore, he was administered
doxycycline plus imipenem and vancomycin. His mother’s
serology for rickettsia was retested on day fourteen after
the start of her symptoms, which again showed strongly
positive results. The newborn’s serological test results on
days two and five after admission were negative, and on
day ten they changed to weakly positive. The test used in
this study was Vircell Rickettsia conorii plate: 96-wells
plate coated with R. conorii antigen, strain Moroccan
(ATCC VR-141) (Vircell S.L., Granada, Spain). The
identification of the Rickettsia serotype (using the
American Type Culture Collection VER-141) proved that
it was R. conorii (the Moroccan strain) in all the positive
cases of newborn’s family. The newborn status improved
forty-eight hours after admission. Fever subsided, skin
rashes started to disappear, and his activities (including
motor and sucking reflexes) significantly improved. He
restarted feeding, and achieved full feeding on day nine of
admission. The results of his laboratory examination for
rickettsia-related complications were normal.
Table 1. Diagnostic data of the newborn
Laboratory

CBC : WBC, 15.5×103/µL
g/dl
Plt, 267×109/L

Hb, 18.5
Mo, 8%

Gr, 59
Lymph, 33%
CSF: WBC, 2HPF; RBC, abundant traumatic
tab; sugar and protein were normal.
Acute phase reactant: CRP: positive
Cultures

No growth for blood, urine and CSF cultures

Radiology

Brain CT: hyperdense tiny area seen in the
left hemi-cerebellum may represent
hemorrhage.
CXR: Normal

CBC, complete blood count; RBC, red blood cell count; Hb,
hemoglobin; WBC, white blood cell count; Plt, platelet; Mo,
monocyte; Gr, granulocyte; Lymph, lymphocyte; CXR , chest Xray; HPF, high-power field;
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Table 2. Diagnostic Data of the Mother and the Siblings
Presentation

LFT*

ESR*

Sodium*

The mother

Age
(Years)
29

Fever, Skin
rash

Normal

Elevated

decreased

Sibling 1

7

Fever, Skin
rash

Slightly
elevated

Elevated

Sibling 2

6

Fever, Skin
rash

Slightly
elevated

Sibling 3

5

Fever, Skin
rash

Sibling 4

3

Patient

The
newborn

Serology
day 1
Negative

Serology
day 7
Equivocal
positive

Serology
day 14
Strongly
Positive

decreased

Strongly
Positive

Strongly
Positive

Strongly
Positive

Elevated

decreased

Strongly
Positive

Strongly
Positive

Strongly
Positive

Slightly
elevated

Elevated

decreased

Strongly
Positive

Strongly
Positive

Strongly
Positive

Fever, Skin
rash

Slightly
elevated

Elevated

decreased

Strongly
Positive

Strongly
Positive

Strongly
Positive

Fever, Skin
rash

Slightly
elevated

Elevated

Normal

Negative

Negative

Weakly
positive

*LFT (liver function test), ESR (erythrocyte sedimentation rate) and sodium are positive tests usually been abnormal in Rickettsia infections

3. Discussion
3.1. Diagnosis and Work-up
The case presented here demonstrates the difficulties
associated with the diagnosis and treatment of congenital
MSF. The authors searched the medical literature in the
PubMed database using the key words vertical
transmission and trans-placental transmission, which were
cross-matched with R. conorii, MSF, Boutonneuse fever,
and rickettsiosis. Relevant references cited in the selected
articles were also reviewed. During this search, we found
very limited data describing congenital rickettsiosis in
animal models. In consistence with the findings of these
small publications, no vertical transmission was
demonstrated. It has been demonstrated that rickettsiosis
caused by R. conorii and R. ricketsii during pregnancy
presented no risk of vertical transfer of these pathogens to
offspring (Stallings, 2001). However, the possibility of
trans-placental transmission in other groups of pathogens,
for example, R. prowazekii, transmitted by P. humanus in
guinea pigs, has been demonstrated (Kurganova and
Klimchuk, 1996). This small published data on animal
models regarding congenital rickettsiosis due to R. conorii
does not provide sufficient evidence supporting that the
trans-placental transmission does not occur. Furthermore,
this problem of trans-placental transmission of R. conorii
needs to be additionally investigated in mammals, which
can serve as reservoir species (Jasik et al., 2015).
Because congenital R. conorii infections are not wellreported for the neonatal age group, the diagnosis of MSF
for this patient was not straightforward. The ultimate
diagnosis was confirmed using his maternal history, family
history, clinical presentation, and the epidemiological data
of the disease in the study area.
3.2. Epidemiological Data
During the past few years, many cases of high-grade
fever, skin rashes, and hyponatremia were observed.
However, a black crusted eschar (tache noir), which is
considered to be the site of the tick bite, was absent in
these cases. Moreover, some of these cases were severe,
and led to the development of thrombocytopenia and rapid
multi-organ failure, resulting in a high mortality rate.

Although comprehensive laboratory tests including
polymerase chain reaction assays of several viruses were
performed, no clear diagnosis could be made at the time.
In the early summer of 2013, a small outbreak of cases
occurred among patients all living in the same rural area
and having close contacts with animals. Therefore,
serological tests were performed for several diseases,
including Rickettsia. In June 2013, the first case of
Rickettsia was diagnosed at the formerly-mentioned
hospital in Jordan. Since then, the same diagnosis has been
given for each case presented with a high-grade fever and
skin rash. In 2017, the authors published a retrospective
observational study describing the epidemiological
patterns of Mediterranean spotted fever (MSF), as well as
its treatment and impact on children in southern Jordan
(Nafi et al., 2017). Over a thirty-month period (from June
2013 to December 2015), we recorded fifty-five pediatric
cases of MSF in that southern province, with an incidence
rate of 7.9 cases per 100,000 inhabitants. MSF affected
89% of those individuals during summer. 74.5% of those
patients were living in a rural area with tent housing, and
100% of them had contact with animals. All cases had
fever, and 94.5% had a skin rash. Serological tests were
positive in 87.2% of the cases. The incidence rate in
Jordan is higher than that in Spain, but is lower than that in
Bulgaria (Nafi et al., 2017).
The strong epidemiological link between this newborn
and R. conorii was the history of his siblings and his
mother, who were diagnosed and treated with R. conorii a
few days before his birth. The diagnosis of R. conorii was
confirmed by serological testing, and R. conorii (the
Moroccan strain) was present in all the positive cases of
his family.
3.3. Family History and Clinical Presentation
The clinical presentation of MSF in Jordan is similar to
that in Europe (Nafi et al., 2017). Patients usually have a
classic triad of fever and chills, severe headaches, and/or
myalgia, in addition to a typical rash (Font-Creus et al.,
1985; Raoult et al., 1986). The presence of a black crusted
eschar (tache noir), which is considered to be the site of
the tick bite, is very rare in MSF patients in Jordan (Nafi et
al., 2017; Font-Creus et al., 1985; Raoult et al., 1986;
Mumcuoglu and Keysary, 2002; Wolach et al., 1989).
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The newborn of this study had three sisters and one
brother who were admitted to the pediatric ward with the
classic triad symptoms of MSF (fever and chills, severe
headache, and myalgia). They also had a typical macular
erythematous rash which appeared three days after the
abrupt onset of fever. A black crusted eschar was absent in
all the siblings. Based on the epidemiological data of the
family and their clinical presentation, they were all
admitted for suspicion of MSF, which was confirmed by
the immunofluorescence assay on the same day of
admission and by serotype testing on day seven after
admission.
Although the clinical presentation of the mother at the
disease onset was ambiguous, her diagnosis was
established based on MSF findings in other family
members and the epidemiological data of the family.
Therefore, the mother was retested for R. conorii infection
using the immunofluorescence assay on day two after the
admission of her newborn (or day ten of her own disease
onset). Results showed equivocal results initially, but they
were strongly positive fourteen days after the disease
onset, confirming that the mother had the Moroccan strain
of R. conorii.
The newborn had a clinical profile similar to that of his
family members, who were all (including the mother)
confirmed to have MSF due to the infection with R.
conorii. His initial septic work-up results were negative for
the usual microorganisms. Because positive serology often
requires waiting for convalescent titers, the decision was
made to treat the patient for MSF due to R. conorii
infection on day two of his admission. Nevertheless,
diffuse skin rashes started to appear despite the fact that
his mother’s initial serological test results were equivocal.
Most importantly, the clinical profile of R. conorii
infection during early neonatal sepsis was not adequately
studied, and there is very limited information in the
published literature regarding its clinical presentation in
the neonatal age group. Moreover, the early diagnosis and
treatment of the disease are essential for an uncomplicated
recovery. Because there are no convenient tests to
diagnose the disease during its early course (Mumcuoglu
and Keysary, 2002), the authors had to rely on a high
index of suspicion despite the negative initial serology. As
demonstrated in the mother’s case, positive serology does
require waiting for convalescent titers (Bentov et al.,
2003).
3.4. Serologic Tests
Although the serologic tests are the most widelyavailable diagnostic tools for spotted fever, they are less
than optimal for the diagnosis of rickettsia diseases’ acute
phases (Paddock et al., 1989). Moreover, the
underdiagnosis of the fatal spotted fever may be attributed
to the nonspecific clinical features and the insensitive
acute-phase serologic studies (Weinberger et al., 2008).
Serologic tests for the R. conorii infection in the newborn
on day two of his admission (day ten of his mother’s
illness) yielded negative results (for both immunoglobulins
IgM and IgG). On day ten of his illness, IgG results
remained negative, and the IgM results were weakly
positive. This may be attributed to the immature immune
responses of neonates, or the fact that the mother was
already treated with azithromycin, one of the alternative

drugs for treating R. conorii infections during pregnancy
(Bentov et al., 2003).
The importance of an early diagnosis and initiation of
treatment in clinically-significant cases is reinforced by the
fact that severe complications may develop, and the
disease may unexpectedly take a rapid, fatal course.
Fatalities have been reported in 1.4-5.6% of the
hospitalized patients in Israel, France, and Portugal
(Raoult et al., 1986; Mumcuoglu and Keysary, 2002;
Aharonowitz et al., 1999; Botelho et al., 2012; LucioVillegas et al., 1990). Based on this, and due to the high
index of suspicion, the diagnosis of MSF was made.
3.5. Treatment
In regions where MSF, caused by the R. conorii
infection, is epidemic, an antibiotic therapy helps prevent
the severe progression of the disease, and mortality
(Lucio-Villegas et al., 1990; Anton et al., 2015). Although
the clinical presentations and serological findings at the
onset of disease in the patient were ambiguous, early
treatment is considered to be essential for an
uncomplicated recovery. Fatal outcomes in this region
have been reported of previously- healthy children because
the appropriate and timely antimicrobial drug-treatment
was not administered in 2013 (Nafi et al., 2017).
Therefore, the administration of doxycycline pending the
results of initial blood and CSF cultures, later showed no
growth of the usual microorganism suspected during early
neonatal sepsis.
The classic antibiotic therapy consists of tetracycline or
chloramphenicol. The use of
Chloramphenicol in developed countries is limited due
to its bone marrow toxicity (Bentov et al., 2003; Anton et
al., 2015; Woodward 1991; Brouqui et al., 2007; Shaked
et al., 1989). The first line of antibiotics for treating
rickettsial diseases are tetracycline’s (Bentov et al., 2003;
Maurin and Raoult, 1997; Herbert et al., 1982).
Doxycycline has replaced chloramphenicol as the drug of
choice for this indication in children because of the
recommendations of the American Academy of Pediatrics
in 1991. Doxycycline has also become a common
alternative for tetracycline, especially for children, because
of its prolonged half-life enabling single or double daily
doses, and because it is less prone to causing dental
staining (Yagupsky et al., 1987). In 2015, Todd et al
published a study indicating that children who received
short-term courses of doxycycline at ages younger than
eight years did not develop dental staining, enamel
hypoplasia, or tooth color differences. That study provided
the largest sample size and best evidence to date that short
courses of doxycycline (such as those used to treat
rickettsial diseases) do not cause dental staining when
administered to children younger than eight years of age.
Both in vitro and in vivo studies have shown that
doxycycline is highly efficacious for treating rickettsiosis
(Anton et al., 2015). Even short-term treatments with
doxycycline are highly effective (Anton et al., 2015; BellaCueto et al., 1987) Doxycycline is the gold standard
treatment for MSF, and it is the most commonly used
treatment for this disease (Anton et al., 2015). Clinical
studies have demonstrated that doxycycline shortens the
course of MSF and induces a rapid remission of symptoms
(Botelho et al., 2012; Lucio-Villegas et al., 1990; Anton et
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al., 2015). Recent evidence suggests that despite the
potential side effects, doxycycline should be considered
the drug of choice for children of all ages in whom a
rickettsial disease is considered during the differential
diagnosis of illness (Purvis and Edwards, 2000). Despite
this, a national survey conducted in 2012 showed that only
35% of clinicians correctly chose doxycycline as the
treatment of choice for suspected MSF in children younger
than eight years old. The centers for disease control
highlighted these issues in 2015. Doctors often avoid
prescribing doxycycline to young children because of the
warning that tooth staining may occur when used for
children younger than eight years old. This misconception
about the use of doxycycline for children prevented them
from receiving a lifesaving treatment.
Based on previous evidence, doxycycline was
administered to the patient of this study because it is
believed to be the most effective treatment for all
rickettsial diseases, and because previous studies have
shown that other antibiotics are less effective, and are
associated with a higher number of deaths (case fatality
rate). The patient was discharged on day ten of admission,
and was doing well, with full feedings achieved, afebrile
status, and no skin rashes. He had regular follow-up
examinations until he was eight months old, which showed
that all of his growth parameters were within the normal
ranges, including weight, body length, head circumference,
hearing test, ophthalmic examination, and laboratory
evaluations.
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This case underscores the difficulties involved in
establishing the diagnosis of MSF during pregnancy and
the neonatal period. The absence of both, eschar and
positive serology, which usually necessitates awaiting
convalescent titers, is an obstacle to a correct diagnosis.
For this reason, physicians caring for pregnant women and
neonates living in areas with endemic MSF should
consider the possibility of MSF in febrile patients and
initiate early appropriate treatments based on a high index
of suspicion. The suspicion could be attributed to the
clinical presentation and the epidemiological data of the
patient despite the negative initial serology. Doxycycline is
the gold standard and most commonly-used treatment for
MSF.
Based on the case of this study, R. conorii can
assumingly penetrate the placental barrier and lead to the
infection of the fetus and the newborn; this may be subject
to evolutionary fitness. It has been shown through the
review of literature that the mechanism for this pathogen
to cross the placental barrier has been discussed in few
model studies, but there is much ambiguity. For this
reason, the issue of vertical transmission requires further
attention.
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