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ABSTRACT
Mycotoxins and pesticides are major contaminants that commonly co-occur in the agricultural
products, and thus of important concern for human and animal health. The present study was designed to
investigate the effect of aflatoxin B1 (AFB1) and/or chlorpyrifos (CPF) on reproduction in Wistar
rats. For this purpose, 24 adult male rats were divided into four groups. Animals in group 1 were
kept as control, while those in groups 2-4 were given CPF (13.5mg/kg b. wt) daily, AFB1 (55µg/kg
b. wt) on alternate days and CPF+AFB1 respectively by gastric gavage for 60 days. The results
revealed significant reduction in the weights of reproductive organs, epididymal sperm count, viable, motile-, and HOS-tail coiled sperm and testicular daily sperm production in rats treated with either
CPF or AFB1. Testicular 3β- and 17β-hydroxysteroid dehydrogenase activities and serum
testosterone levels were also decreased significantly in rats treated with either CPF or AFB1.
Conversely the levels of lipid peroxidation elevated significantly with decreased activity levels of
superoxide dismutase and catalase in the testis of rats treated with either CPF or AFB1. Exposure to
either CPF or AFB1 resulted in deterioration in testicular architecture with a reduction in epithelial
thickness and seminiferous tubule diameter. The toxicological effects were more pronounced in the
rats given both the chemicals in combination.
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1. INTRODUCTION
Every day more and more consumers, worldwide are becoming aware of food safety and the
risks associated with its contamination by microorganisms and by toxic compounds1.Mycotoxins and
pesticides are major contaminants that commonly co-occur in agricultural products and thus of major
concern for human and animal health. The indiscriminate use of pesticides and poor agricultural
practices makes the occurrence of these substances above permissible levels in food and feed. The
co-existence of mycotoxins and pesticides in food are associated with number of physiological
alterations including reproductive disorders. Once these toxic chemicals are introduced into the
environment, they travel beyond their point of application or discharge shows adverse effects on
non-target organisms.
Chlorpyrifos is one of the environmental pollutants which potentially affect the male
reproduction. Studies of Joshi et al.2suggested that prolonged exposure of chlorpyrifos alters semen
quality and sperm chromatin, reduces sperm motility, viability and increases sperm morphological
abnormalities and damage to vital organs. Another study of Shittuet al.3 reported a significant
increase in malondialdehyde in the testis of chlorpyrifos treated rats indicating elevated oxidative
stress. Some of the earlier studies have demonstrated that low testosterone production results in
suppression of spermatogenesis4. Exposure to chlorpyrifos also resulted in seminiferous tubules
shrinkage, rupture of epithelium and mild changes in spermatogenic cells in rats 5-6.
Aflatoxin B1 is the most abundant mycotoxin in nature. 75% of the world population was
exposed to aflatoxin B1, through contaminated food. Previous studies reported that Aflatoxins
caused decrease in spermatogenesis and steroidogenesis, deterioration in testicular architecture,
reduction in the weights of testes results in disrupted male reproductive structure and function7-14.
Administration of aflatoxin B1 resulted in degenerative changes in seminiferous tubules and
reduction in the number of mature spermatids in albino rats and rabbits15 and decreased sperm quality
and quantity16. Oral administration of AFB1 (50µg/kgbw/day) for 35 days resulted in spermatotoxic
effects on mouse epididymal sperm count, motility and sperm abnormalities7.Previous studies in our
laboratory reported that AFB1 binds competitively to StAR protein there by interferes cholesterol
transport into mitochondria resulting in reduced biosynthesis of testosterone17.
Although a large number of studies have been reported on deleterious effects of aflatoxin B1
and chlorpyrifos on reproduction individually, there have been no reports dealing particularly with
the detrimental effects of combination of aflatoxin B1 and chlorpyrifos on reproduction. Since, these
chemicals co-occur in food/feed in nature, the effect of co-exposure to AFB1 and CPF on
reproduction in male Wistar rats was undertaken for the present study.
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2. MATERIALS AND METHODS
2.1 Procurement and maintenance of experimental animals
Adult male Wistar strain rats with a body weight ranging from 200-230 gm (90 days old)
were obtained from an authorized vendor (M/S Raghavendra Enterprises, Bengaluru, India). Upon
arrival, rats were housed in polypropylene cages (47cm × 34cm × 20cm) containing sterile paddy
husk as bedding material. All the animals were maintained under the controlled laboratory conditions
temperature, 22-25ºC, lighting, 12: 12h light: dark cycle. The rats were reared on a standard pellet
diet (HLL Animal feed, Bengaluru, India) and tap water ad libitum. The experiments were carried
out in accordance with the guidelines and protocol approved by the Institutional Animal Ethical
Committee (Regd.No.438/01/a/CPCSEA/dt.17.07.2001), S. V. University, Tirupati.

2.2 Chemicals
Aflatoxin B1, dihydroepiandrosterone, androstenedione, bovine serum albumin (BSA),
nicotinamide adenine dinucleotide (NAD) was purchased from Sigma Chemical Company, St.
Louis, Missouri, USA. Chlorpyrifos was purchased from Bhagiradha Chemicals and Private
Limited, Hyderabad, India. All other chemicals used in the study were of analytical grade and
obtained from local commercial sources.

2.3 Experimental design
Rats were weighed and randomly divided into four groups, consisting of six rats per group,
where the first group served as control and were allowed ad libitum access to tap water. Rats in
the second group were dosed with CPF 13.5 mg/kg body weight (1/10 of LD 50) 2, 18-19. daily for
60 days in 0.6ml of corn oil by oral gavage, while animals in third group received AFB1 (55 µg/
kg body weight, 1/10 of LD 50) in 0.6 ml of DMSO by oral gavage in alternate days for 60 days.
The dosage levels of AFB1 were based on previous studies on rats7-8, 17, 20-21.Rats in fourth group
were received both CPF and AFB1 as in group 2 and 3. Both control and experimental rats were
fasted overnight, and killed by cervical dislocation on the day following the last treatment. Testes
and other reproductive organs were isolated and weighed after clearing off the adhering tissues.
Tissue somatic index (TSI) was calculated using following formula:
TSI = weight of the tissue (g)/body weight of the animal (g) × 100.
Testes were used for determination of daily sperm production, biochemical analysis and
histological changes where ascaudaepididymides were used for sperm analysis.
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2.4 Sperm analysis
Epididymal sperms were counted by using a Neubauerhaemocytometer as described by
Belsey et al.22, within 5 min following their isolation from cauda epididymis at 37 0C and the data
were express as millions/ml. The motility of sperm was observed on a Neubauer chamber and the
data expressed as a percentage of motile sperm of the total sperm counted by Belseyet al.22. The
number of viable sperms was determined using 1% tryphan blue reagent23. The membrane integrity
of the sperm was determined by exposing the sperms in hypo osmotic solution and observed for
coiled tails under the microscope and the percent of coiling was estimated using the method
described by Jayendranet al.24. Daily sperm production was determined in the testes of adult rats by
the method of Blazaket al.25 and the numbers of sperm were express as millions per gram.

2.5 Assay of Steriodogenic marker enzymes
The testicular tissue was homogenized in ice-cold Tris-HCl (pH 6.8). The microsomal
fraction was separated and used as the enzyme source. The activity levels of (3β-HSD) (EC 1.1.1.51)
and (17β-HSD) (EC 1.1.1.61) were determined by the method described by Bergmeyer26 and
expressed as nmol of NAD converted to NADH/mg/protein/min (3β- HSD) or nmol of NADPH
converted to NADP/ mg protein/ min (17β-HSD). Protein content in the enzyme source was
estimated by the method of Lowry et al. 27 using bovine serum albumin as standard.

2.6 Determination of lipid peroxidation
The levels of lipid peroxidation in the testis was measured in terms of malondialdehyde
(MDA; a broken product of lipid peroxidation) content and determined by using the thiobarbituric
acid (TBA) reagent. The reactivity of TBA is determined with minor modifications of the method
adopted by Hiroshi et al.28.

2.7 Assay of anti-oxidant enzyme activities
Superoxide dismutase (EC 1.15.1.1) was assayed by the method of Mishra and Fridovich29
according to its ability to inhibit the auto oxidation of epinephrine at alkaline medium. The activity
of SOD was expressed in units/mg protein/min. Catalase (EC 1.11.1.6) activity was determined
according to its ability to decompose H20230 and expressed in µmol of hydrogen peroxide
consumed/mg protein/min.
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2.8 Determination of serum hormonal measurements
Serum level of testosterone was determined by Chemiluminescent immunoassay (CLIA) by
using autobiotesto kit (catalog number is CL1104-2) purchased from Autobio diagnostic Co. Ltd,
China. The sensitivity of the assay was calculated as 0.002ng and intra assay variation was found to
be 6.75%.

2.9 Histological evaluation of testes
The right testis was collected from control and experimental rats and fixed individually in
Bouin’s solution for 24 h. The fixed specimens were dehydrated in ascending alcohol series and after
clearing in xylol, embedded in paraffin wax. Sections at 6 microns thickness were cut and stained
with hematoxylin and eosin6.

2.10 Statistical analysis
The data were statistically analyzed using one-way analysis of variance (ANOVA) followed
by Tukey-alpha multiple comparison test using the Statistical Package for Social Sciences (SPSS) 20
version. The data were presented as mean ± S.D. Differences were considered to be significant at
p<0.05.

3. RESULTS AND DISCUSSION
All the animals were apparently normal and no unusual behaviors like circling, head
searching, facial movements, head searching, licking, biting were observed in any of the rats. None
of the control or experimental rats died or was excluded from the experiment. There was no
significant change in body weight gain between the groups, however, significant decrease was
observed in the rats treated with combination of CPF and AFB1 indicating absence of overt general
toxicity in CPF+AFB1 treated rats (Table No.1).
The weights of testes and other reproductive organs like epididymis, seminal vesicles,
prostate gland and vas deferens decreased significantly (p< 0.05) in AFB1 treated rats (TableNo.2).
The observed decrease in the testes weight may be due to degeneration of the epithelium, decrease in
the size and thickness of the germinal layer in the seminiferous tubules. The reduction in weight of
testes recorded in AFB1 treated rats is in agreement with earlier reports12, 15, 17, 31. It was observed a
significant (p< 0.05) decrease in spermatogenesis (TableNo.3) in the rats treated with AFB1, these
results are in agreement with earlier reports10-11, 31-32. Sperm production and maturation depends on
bioavailability of testsosterone. The levels of testosterone in circulation decreased significantly (p<
0.05) in AFB1 exposed rats. In the present study exposure to AFB1 significantly (p< 0.05) reduced
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daily sperm production, epididymal sperm count, motile, viable and HOS tail coiled sperms, similar
results were observed earlier7-10, 12, 14, 17.The sperm membrane integrity can be evidenced from the
HOS test, which also indicates the deteriorated sperm membrane integrity in AFB1 treated rats.
The activity levels of testicular 3β-HSD and 17β-HSD were significantly (p< 0.05) decreased in
the AFB1 treated animals (Table No.4) indicating decreased steroidogenesis. Salem et al.12,
Hasanzadeh et al.33 reported that long term AFB1 exposure results in reduced serum testosterone
levels and increased serum LH concentration. Thus, the decrease in serum testosterone levels could
be due to the diminished responsibleness of leydig cells to LH and/or direct inhibition of testosterone
synthesis in rats exposed to AFB1.
The levels of malandialdehyde revealed increased significantly (p< 0.05) in the testes of rats
treated with AFB1 (Table No. 5). On the other hand, the activity levels of SOD and catalase
decreased significantly (p< 0.05) in the testes of rats exposed to AFB1(TableNo.5).The deterioration
in the selected sperm parameters may be increased oxidative stress during AFB1 intoxication, in
agreement with the studies of ThnaianAlthnaianet al.34. Exposure to AFB1 induced testicular
oxidative stress as evidenced by increased levels of lipid peroxidation and decreased activities of
SOD1and catalase21, 32. The histopathological finding reported in the current study is degenerative
changes and reduce the number of spermatocytes, spermatids in the testes of rats intoxicated with
AFB1. Similar histopathological changes of aflatoxin induced testicular damage have been
previously reported in rats11, 35-36.
CPF at the selected dose did not cause any significant change in the body weight gain indicating
did not change the metabolic activity in CPF treated rats (Table No.1). In the present study, CPF for
60 days resulted in a significant (p< 0.05) decrease epididymis and testicular weight (Table No.2),
similar results were observed earlier by Afafet al.37. In the present study, daily sperm production,
epididymal sperm count, viable sperms, motile sperms and HOS tail coiled sperm were also
significantly (p< 0.05) decreased in the rats treated with CPF as compared to control rats (Table
No.3). Further, the decrease in percent number of tail-coiled sperms as evidenced by hypoosmatic
swelling test suggests that membrane integrity of the sperm is deteriorated. Similar decreases in
sperm quality and quantity of sperm were reported in rats exposed to CPF38-40. In the present study,
exposure of rats to CPF for 60 days is characterized by a significant (p< 0.05) increase in the levels
of lipid peroxidation in the testes as compared to control rats. The circulatory levels of testosterone
and activity levels of steroidogenic enzymes were significantly (p< 0.05) decreased in the testis of
CPF treated rats as compared to control rats (TableNo.4) indicating decreased steroidogenesis.
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Therefore, the decline observed in daily sperm production and epididymal sperm count as compared
to control rats may be the consequence of the reduced testosterone secretion from leydig cells in CPF
treated rats. The present results are in agreement with previous studies2-3, 41-42. This is because low
testosterone production results in suppression of spermatogenesis. Cal EPA43 reported studies
showing that exposure to CPF have caused DNA damage in sperm, decreased sperm motility and
decreased testosterone and estradiol levels in men. The significant (p< 0.05) increase in
malandialdehyde in the testes of CPF treated rats indicates oxidative stress to these tissues
(TableNo.5). On the other hand, the activity levels of SOD and catalase decreased significantly (p<
0.05) in the testes of rats exposed to AFB1(TableNo.5). Similar results have been obtained earlier3 in
the testes of rats intoxicated with CPF. Histopathological changes of testes showed a decrease in the
number of seminiferous tubules form shrinkage, rupture of epithelium and increased intertubular
spaces and mild changes in spermatogenic cells of rats treated with CFP (Figure No.1B). The results
of the present study were in agreement with earlier reports5-6.
In the present work has shown that exposure of rats to both CPF and AFB1, significant decrease
in body weight gain (TableNo.1) and relative weights of testes and other reproductive organs (Table
No.2) indicating presence of overt general toxicity. The decrease in the weight of the testes may be
due to degeneration of germinal epithelium. The morphology and functional integrity of the testis
and accessory sex organs are dependent on availability of androgens. Decrease in daily sperm
production, epididymal sperm count, viable, motile and HOS tail coiled sperms and testis volume
were more pronounced in CPF+AFB1in rats and is significant (p< 0.05) decrease as compared to rats
treated with CFP or AFB1 alone (Table No.3). Our results also indicated that the decrease in weight
of testis, and accessory sex organs is more prominent in rats treated with CPF+AFB1. The data also
reveal a statistically significant (p< 0.05) decrease in the activity levels of 3β- and 17β-HSD in the
testes, associated with significantly reduced serum testosterone levels in rats administered with
CPF+AFB1, indicating a probable inhibition of androgen synthesis in experimental rats (Table
No.4). The mechanism(s) of action CPF and AFB1 is indicating and they showed synergistic effects
in inhibiting steroidogenesis and spermatogenesis, including oxidative toxicity in testes. In addition,
pronounced decrease was observed in testicular steroidogenic enzyme activities, SOD and catalase
and serum testosterone levels in CPF+AFB1 rats when compared to CPF or AFB1 (Table No. 5).
Histopathological changes of testes showed a decrease in the number of seminiferous tubules rupture
of epithelium, spermatogenic cells and increased intertubular spaces and loss of structural integrity
of testicular architecture in rats treated with CFP+AFB1 (Figure No.1D).
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Table No.1: Body weights (g) of control rats and rats exposed to CPF and/or AFB1
Parameters

Control

CPF

AFB1

CPF+AFB1

Initial Body weight (g)

211.00a ± 3.41

212.66a ± 6.08

209.25a ± 6.73

214.92a ± 6.18

(0.79)

(0.83)

(1.85)

259.7a ± 5.16

255.08 a± 9.9

249.33b ± 8.3

(-4.46)

(-5.82)

(-6.16)

47.04a± 8.75

45.91a± 12.70

34.50b± 7.42

Final Body weight (g)

Weight gain (g)

271.83a± 10.55

60.83a± 11.65

Values are mean ± S.D of six individuals
Values in the parentheses are percent change from that of control
Mean values that do not share same superscript in a row differ significantly from each other at p< 0.05

Table No.2: Tissue indices (W/W %) of rats exposed to CPF and/or AFB1
Tissue

Control

CPF

AFB1

CPF+AFB1

Testes

1.86a ± 0.10

0.96b ± 0.45
(-48.38)

0.98b ± 0.19
(-47.31)

0.91c ± 0.19
(-51.07)

Cauda epididymis

0.17a ± 0 .05

0.10b ± 0.02
(-41.18)

0.11b ± 0.02
(-35.29)

0.09c ± 0.02
(-47.06)

Caput epididymis

1.59a ± 0.11

0 .90b ± 0.11
(-43.40)

0.92 b ± 0.08
(42.13)

0.65c ± 0.16
(-58.7)

Corpus epididymis

0.09a ± 0.03

0.09a ± 0.01
(0)

0.08 a ± 0.03
(-11.11)

0.08a ± 0.03
(-11.11)

Seminal vesicle

0.45 ± 0.15

0.28 b ± 0.04
(-37.77)

0.26 b ± 0.03
(-42.22)

0.23b ± 0.09
(-48.88)

Prostate gland

0.19a ± 0.05

0.13a ± 0.04
(-31.58)

0.12b ± 0.03
(-36.84)

.10b ± 0.03
(-47.36)

Vas deferens

0.18a ± 0.03

0.09b ± 0.02
(-50.0)

0.07b ± 0.02
(-61.11)

0.07 b ± 0.03
(-61.11)

Penis

0.16a ± 0.01

0.09b ± 0.01
(-43.75)

0.09b ± 0.06
(-43.75)

0.08b ± 0.05
(-50)

Values are mean ± S.D of six individuals
Values in the parentheses are percent decrease from that of control
Mean values that do not share same superscript in a row differ significantly from each other at p< 0.05
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Table No. 3: Daily sperm production, epididymal sperm count, motile, viable and HOS tail coiled sperms and
testis volume of rats exposed to CPF and/or AFB
Parameters

DSP (millions/gram testis)

Control

CPF

AFB1

CPF+AFB1

22.5a ± 1.05

14.83b ± 0.75

14.81b ± 0.74

12.26c ± 0.78

(-34.09)

(-34.18)

(-45.51)

36.46b ± 3.25

35.73b ± 3.57

29.61c ± 3.17

(-38.09)

(-39.33)

(-49.72)

42.58b ± 2.17

38.58b ± 2.15

28.06c ± 2.24

(-34.65)

(-40.79)

(-56.94)

47.11b ± 2.36

41.25c ± 2.87

38.10c ± 2.79

(-32.51)

(-40.90)

(-45.41)

41.35b ± 3.68

40.90b ± 3.55

32.48c ± 2.62

(-28.48)

(-29.26)

(-43.83)

0.85b ± 0.17

0.78b ± 0.18

0.66b ± 0.21

(-33.59)

(-39.06)

(-48.43)

58.89a ± 4.48

Sperm count (millions/ml)

65.16a ± 3.31

Motile sperm (%)

69.80a ± 3.92

Viable sperm (%)

57.82a ± 5.30

HOS tail coiled sperm (%)

1.28a ± 0.20

Testes volume (ml )

Values are mean ± S.D of six individuals
Values in the parentheses are percent decrease from that of control.
Mean values that do not share same superscript in a row differ significantly from each other at p< 0.05

Table No.4: 3β- and 17β- hydroxysteriod dehydrogenase activity levels in the testis and testosterone levels in
circulation of rats exposed to CPF and/or AFB1
Enzyme

Control

CPF

AFB1

CPF + AFB1

3βHSD (µmoles of NAD
converted to NADH/mg
protein/min)

3.82a ± 0.56

0.73b ± 0.23

0.42c ± 0.27

0.10c ± 0.03

(-80.89)

(-89.0)

(-97.38)

1.80b ± 0.93

1.21b ± 0.87

1.16b ± 0.76

(-59.82)

(-72.99)

(-74.10)

2.33b ± 0.26

1.17c ± 0.10

0.29d ± 0.21

(-51.96)

(-75.87)

(-94.02)

17βHSD (µmoles of NADPH
converted to NADP/mg
protein/min)

4.48a ± 0.67

Testosterone (ng/ml)

4.85a ± 0.58
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Values are mean ± S.D of six individuals
Values in the parentheses are percent decrease from that of control.
Mean values that do not share same superscript in a row differ significantly from each other at p< 0.05

Table No.5: Levels of lipid peroxidation and activity levels of superoxide dismutase and catalase in testis of rats
exposed to CPF and/or AFB1
Parameters

Control

CPF

AFB1

CPF + AFB1

Lipid peroxidation
(µ moles of Mda formed/g
tissue)

4.84a ± 1.08

9.39b ± 2.04

11.18b ± 1.94

14.57c ± 2.03

(101.72)

(139.91)

(212.66)

Superoxide dismutase
(units/mg protein/min)

16.84a ± 1.75

8.81b ± 0.94

8.98b ± 2.16

6.25b ± 1.57

(-51.28)

(-46.38)

(-62.64)

Catalase
(µ moles of H2O2
metabolized/mg
protein/min)

0.49a ± 0.03

0.29b ± 0.03

0.27b ± 0.01

0.14c ± 0.02

(-40.82)

(-44.89)

(-71.43)

Values are mean ± S.D of six individuals
Values in the parentheses are percent change from that of control.
Mean values that do not share same superscript in a row differ significantly from each other at p< 0.05

Figure No.1: Photomicrographs of testis of control rat (A), and rats exposed to CPF (B), AFB1 (C) and
combination of CPF+AFB1 (D), Bar=50µm
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4. CONCLUSION
Exposure to chlorpyrifos and aflatoxin B1 is responsible for reduction in spermatogenesis,
steroidogenesis with an induction of oxidative stress in the testis of rats and decreased weights of
testes, cauda epididymis, caput epididymis, seminal vesicles and prostate gland, penis and decreased
sperm count, motile sperms, viable sperms and daily sperm production in adult male rats. In
conclusion, this study provides compelling evidence of decreased steroidogenesis and
spermatogenesis in adult rats that were administered with either CPF or AFB1 from early puberty.
The maximum suppression in steroidogenesis and spermatogenesis was observed in double stressed
rats. Further, exposure to combination of AFB1 and CPF showed additional deterioration in selected
reproductive end points. In nature, humans are exposure to varieties of stresses simultaneously,
hence there is an emergent need to re-establish safe levels of natural/ manmade chemicals in food
stuffs and water for determining the associated risk to human and wild life.
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