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ABSTRACT

Aflatoxins (A-flavus-toxins) are the most studied group of mycotoxins. At smaller concentra-
tions the Aflatoxins can affect male reproduction, namely spermatogenesis. The present study
was designed to investigate the effect of Aflatoxin-B ,on male reproductive system by two ways:
clinically on human beings and experimentally on rabbits. Human study was conducted on 100
males attending outpatients of Andrology Clinic of Sohag University Hospitals; 50 males had
normal seminogram and 50 males had abnormal seminogram. Animal study was conducted on
45 adult NZW rabbit bucks. They were divided into three groups. Each group was divided to
three subgroups; (negative control, positive control and treated rabbits). Treated subgroups re-
ceived Aflatoxin B J by i.p injection at 20 Ug/ kg/BW per day (subtoxic dose) for different dura-
tions (30 days, 48 days and 63 days). Human study showed significant increase in seminal plas-
ma Aflatoxin-B ; level in the infertile group. The increased AFB ; level affected significantly
semen parameters. Experimental results showed significant negative correlation between the
seminal AFB J level and sperm concentration, sperm viability and total sperm motility but
showed significant positive correlation with abnormal sperm forms. Histopathological examina-
tion showed degeneration of seminifrous tubules. The tubules showed absence of mature sperms
with appearance of uninucleated and multinucleated giant cells. Epididymal epithelium showed
vaculation and degeneration. From the obtained results, it can be concluded that Aflatoxin B i

affect male reproductive system functionally and pathologically.
INTRODUCTION Klich, 2003).

are the

Aflatoxins (A-flavus-toxins)
most studied group of mycotoxins and
are produced by different species of
the (Bennett and

genus Aspergillus
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Mycotoxins contaminate food by two
general routes direct and indirect. Direct
contamination occurs as a result of

mould growth on food itself. The data
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refer to the presence of Aflatoxins in
corn, soyabean, groundnut, edible nuts
spices and medicinal plants, milk and
milk products, water and eggs. Indirect
contamination of food occurs as a result of
using food ingredient contaminated with
mycotoxins. Probably no edible substance
can be regarded as absolutely safe from
possible Aflatoxin contamination (Zohri,
1990). Aflatoxin is associated with both
toxicity and carcinogenicity in human and
animals. Aflatoxin B, is the most potent
natural carcinogen known and is usual-
ly the major Aflatoxin produced by toxi-
genic strains (Peterson et al., 2001). The
diseases caused by Aflatoxin consumption
are loosely called aflatoxicoses. Acute afla-
toxicosis results in death (Bennett and
Klich, 2003).

At smaller concentrations, Aﬂatoxin—B1
(AFB,) in particular, can affect male repro-
duction. It produces changes varied from
mild testicular degeneration to a complete
atrophy of seminifrous tubules and loss of
all stages of spermatogenesis. It also af-
fects Leydig cell function and so affects
fertility (Agnes and Akbarsha, 2003; Ah-
med et al., 2012).

Aim of the work

The present study was designed to in-
vestigate the effect of Aflatoxin-B; on
male reproductive system clinically on
human beings and experimentally on rab-
bits.
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SUBJECTS AND METHODS

Patients

The present study was conducted on
100 male attending outpatient andrology
clinic of Sohag University Hospitals. In-
formed written consent was taken from
every patient according to the guide ap-
proved by ethical committee of Faculty of
Medicine, Sohag University.

Inclusion criteria
Age of the patients was 20-50 years old
with infertility for at least one year.

Exclusion criteria

Other causes of infertility: radiation,
heat exposure, drug abuse, abnormal hor-
monal assay, genital trauma or surgery,
genital infections, mumps, febrile illness,
testicular torsion or cryptorchidism, no
azoospermia, no significant pyospermia.
Wife factors were excluded by a gynecolo-
gist.

Patients were classified according to
their seminogram into two groups. The
first group (50 males) had normal semino-
gram. The second group (50 males) had
abnormal seminogram.

Animals

The present work was carried on 45
adult NZW rabbit bucks. Rabbits were
found to be suitable animals for the
present research as they are excellent
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models for many aspects of research in re-
productive toxicology (Morton, 1988).
Male rabbit is the smallest, least expensive
animal that can be ejaculated with an
artificial vagina, permitting longitudinal
evaluation of semen (Sun and Gondos,
1986).

Rabbits were seven-month-old with
three kilograms average body weights.
The ethics and husbandry conditions of
animal research were considered accord-
ing to the guides approved by ethical com-
mittee of Faculty of Medicine, Sohag Uni-
versity. Animals were purchased from
animal house, Faculty of Agriculture, As-
siut University. They were housed in ani-
mal house, Faculty of Medicine, Sohag
University, Egypt, with room temperature
being maintained (25 * 2 °C). All bucks
were daily exposed to 16 continuous light-
ing hours and individually housed in wire
galvanized cages as well as fed on a com-
mercial pelleted breeder.

The experiment lasted for 63 days from
March to May, 2010 to investigate effects
of AFB, (International Rabbit Reproduc-
tion Group, 2005).

The 45 NZW rabbit bucks were divided
into three groups, 15 rabbits each accord-
ing to the method modified from (Faridha
et al., 2006) and according to rabbit's cycle
(Sun and Gondos, 1986). Each group was
divided into three subgroups; five rabbits
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each (negative control, positive control
and treated rabbits).

Negative control: Received the com-
mercial rabbit ration only.

Positive control: Received the vehicle
[corn oil and ethanol (95:5)] by intra-
peritoneal (i.p.) injection.

Treated subgroups: Received Aflatoxin
B1 by i.p. injection at 20 pg/ kg B.W. per
day (subtoxic dose) (Salem et al., 2001) for
different durations according to the
group.

 In the first group: Rabbits received
Aflatoxin B, for 30 days.

* In the second group: Rabbits received
Aflatoxin B, for 48 days.

e In the third group: Rabbits received
Aflatoxin B, for 63 days.

Material

e Aflatoxin B, for injection was ob-
tained as a gift from Dr. Esmail El-Kady
Professor of Botany, Faculty of Science,
Assuit University. It was prepared in corn
oil and ethanol (95:5) according to (Egbu-
nike et al., 1980).

e Aflatoxin Bl(AFBl) analytical stan-
dard for High Performance Liquid Chrom-
atography (HPLC) was obtained from
SIGMA chemical CO. (one pg/ ml).

e Methanol, acetonitrile, hexane, chlo-
roform, formic acid, potassium dihydro—
gen phosphate (KH,PO,) and trifluoracet-
ic acid (TFA), HPLC grade purchased
from SIGMA chemical CO.
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e A 7.4 pH buffer was prepared in So-
hag clinical toxicology laboratory. The pH
was adjusted by pH-meter.

¢ Picric acid, formol, glacial acetic acid,
ethyle alcohol, xylene from Biochem for la-
boratory chemicals.

¢ Hematoxyline and Eosin stains from
ALPHACHEMIKA.

Instruments

e High Performance Liquid Chroma-
tography (HPLC) system consisted of Wa-
ters Binary Pump Model 1525, a Model
Waters 1500 Rheodyne manual injector, a
Watres 2475 Multi-Wavelength Fluores-
cence Detector, Nova-Pak C18 Column,
604, 4 um, 3.9 mm X 150 mm and a data
workstation with software Breeze 2 in My-
cotoxins Central Lab and Food Safety, Na-
tional Research Center, Egypt.

* Olympus CX 41 RF light field micros-
copy.

* Vortex VM300, Gemy industrial crop.

e Centrifuge EBA20, 5000 RPM, Hettich
Zentifugen.

e pH-meter HANNA (pH211).

* Human Power One water deionizer.

* Rotator SB3, Bibby Scientific.

* DQ world hemocytometer

e Micro pipette (2-20 ul), Pipetman
Neo-p20N, Gilson.

¢ Artificial vagina manually made by
technician according to character shown
in (Louis-Marie and Jaingline, 2009) (Fig-
ure 1).
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Fig. (1) : Artificial vagina for collec-
tion of semen from rabbits.

Methods

I-Collection and preparation of semen
samples:

a) Human semen samples:

Semen samples were collected from pa-
tients by masturbation. Complete semino-
gram was done according to WHO labora-
tory manual for the examination and
processing of human semen (World
Health Organization and Department of
Reproductive Health and Research, 2010).
The seminal plasma was obtained by cen-
trifugation at 5000 rpm for 10 minutes and
stored in -20 °C until analysis for Aflatoxin
B, level.

b) Animal semen samples:

Ejaculate samples were collected from
each group of animals at the beginning
and at the end of the study using a clean,
dried and sterilized standard artificial
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vagina of rabbits and a teaser doe. The
temperature of the artificial vagina was
adjusted by warm water to be 41- 43.0 °C.
Pressure required for ejaculation was ob-
tained by blowing air through the valve
after the water has been inserted in. The
artificial vagina was lubricated by apply-
ing a layer of a thin coating of sterile white
Vaseline.

The volume of each ejaculate was re-
corded using a graduated collection tube
after gel mass removal. Sperm concentra-
tion per ml (x 10°) was calculated using a
weak eosin (5%) solution by hemocytome-
ter. Ten microliters from the sample were
taken by a micropipette, and then were di-
luted to one milliliter. The sample was
spread at hemocytometer under coverslip.
The sperms were counted using 400 X
(magnification) (40 X objective lens). The
number of sperms was counted at one mil-
limeter square (=0.1ul). The total number
of sperms was calculated by multiplying
dilution factor (100) X 10%) to determine
the number of sperms per milliliter (Smith
and Mayer, 1955).

Assessment of viability and abnormal
sperm forms was performed using an eo-
sin staining then calculated as a percent-
age out of randomly chosen 100 sperm
counted. Total sperm motility (%) was es-
timated by taking a drop of freshly collect-
ed semen. Then it was placed on a slide
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and the percentage of motile sperm was
estimated by visual examination under
low-power magnification (10 X). The semi-
nal plasma was separated by centrifuga-
tion at 5000 rpm for 10 minute and stored
in -20 °C until analysis for Aflatoxin B,
level.

II. Histopathological examination

At the end of the study, rabbits were
sacrificed by cut throat and dissected to
expose the testis and epididymis for histo-
pathological examination with light field
microscopy. Right testis from control and
treated animals were dissected and fixed
in Bouin solution (75 ml saturated solu-
tion of picric acid, 25 ml of 40 % formol
and 5 ml glacial acetic acid). The speci-
mens were stained by Hematoxyline and
Eosin.

ITI-Histometric analysis

Fields with seminiferous tubules (STs)
in circular transverse sections were select-
ed at 100 X. Using the software, the boun-
dary of each was demarcated. The per-
centage of both seminifrous tubules area
and interstial area was calculated as the
following;:

Total area of the field = width x length
of the field.

Interstitial area = total area of the field —
STs.

Percentage of STs = STs area / total
area of the field x100.
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Percentage of interstitial area = intersti-
tial area /total area of the field x 100.

This was done for five different fields
for each rabbit, thus making 25 measure-
ments for each sub-group.

IV-Quantitative analysis of Aflatoxin
B, for both humans and rabbits:

Extraction of seminal plasma:

Determination of Aflatoxin B, in semi-
nal plasma was done by a method which
was modified from that recorded by Cor-
cuera et al. (2011). One ml of acetonitrile
was added to one ml of seminal plasma.
The tube was rotated for 20 minute and
centrifuged for five minutes. The superna-
tant was separated into another tube. Half
ml of 7.4 pH buffer and six ml of hexane
was added to the supernatant. The tube
was rotated for 20 minute and then the
upper layer was discarded. Again, 0.5 ml
7.4 pH buffer was added to the residue
and six ml chloroform was added. The
tube was rotated for 20 minute and then
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the upper layer was discarded. The chlo-
roform was evaporated. The extracted
samples were derivatized and analyzed by
High Performance Liquid Chromatogra-
phy (HPLC).

Statistical analysis

The data obtained were analyzed statis-
tically using SPSS (Statistical Program for
Social (SPSS inc. Chicago, Illinois, USA).
Mean and standard deviation (SD) were
calculated. Student T-test and one-way of
variance (ANOVA) test was performed.
Significant difference was at p value <
0.05.

RESULTS

The results of human study

Figure (2) shows HPLC chromatogram
of Aflatoxin 81 standard (area and reten-
tion time). Aflatoxin 81 was detected at re-
tention time five. Concentrations of sam-
ples were calculated from calibration area
of the standard (Figure 3).
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Fig. (2) : HPLC chromatogram for Aflatoxin B, standard (area and

retention time).
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Fig. (3) : HPLC chromatogram of Aflatoxin B, (area and retention
time) in a human semen sample .

The present study showed no signifi-
cant statistical differences in the mean val-
ue of age and the mean value of seminal
fluid volume between the first and second
human groups (p > 0.05). There were sig-
nificant decreases in sperm concentration
per milliliter, progressive sperm motility
and total sperm motility in the second

group as compared with the first group (p
< 0.001). On the other hand, there was sig-
nificant increase in the mean value of ab-
normal sperm forms, and significant in-
creases in the mean values of seminal
plasma AFB, level in the second group as
compared with the first human group (p <
0.001) (Tablel).

Table (1) : Mean values of age, seminal fluid parameters and seminal plasma AFB, level in
the first and second groups of the studied human cases (n = 100).

Normal Abnormal
Group seminogran seminogram
p-value
Parameters (first group) (second group)
Mean = SD Mean = SD
Age (year) 33+7 35+7 0.19
Seminal fluid volume (ml) 2.77+£0.91 2.48 +0.98 0.13
% Sperm concentration per ml (x10°) 93.37+29.72 16.61+13.23 0.000 *
g
2 Progressive sperm motility (%o) 62.90+15.01 27.43+16.65 0.000 *
o
é Total sperm motility (%) 80.78+10.13 43.12+18.70 0.000 *
L")
“ | Abnormal sperm forms (%) 37.52+18.41 67.86+16.10 0.000*
Seminal plasma AFB, level (pg/ml) 39+37 260140 0.000 *

n: number, * significant at p<0.05, SD: Standard deviation, AFBlz Aflatoxin Bl.

Mansoura J. Forensic Med. Clin. Toxicol.
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Table (2) : Correlation between seminal plasma AFB, (pg /ml) and different seminal fluid

parameters in the second human group (had abnormal seminogram) (n = 50).

Seminal plasma AFB,
Parameters

Correlation coefficient p-value
Seminal fluid volume (ml) -0.051 0.6
Sperm concentration per ml (x10°) -0.59 0.000"
Progressive motility (%) -0.6 0.000
Total motility (%) -0.6 0.000
Abnormal sperm forms (%) 0.7 0.000°

n: number, * significant correlation at p< 0.05, AFBlz Aflatoxin Bl.

Table (2) shows the correlation between
seminal plasma AFB, level and different
seminal fluid parameters in the studied
human cases [seminal fluid volume,
sperm concentration, progressive sperm
motility, total sperm motility and abnor-
mal sperm forms]. There was no signifi-
cant correlation between seminal plasma
AFB, level (pg/ml) and seminal fluid vol-
ume (r = - 0.051; p > 0.05). There were sig-
nificant negative correlations between
seminal plasma AFB, level and sperm
concentration, progressive sperm motility
and total sperm motility (r = - 0.59, - 0.6
and - 0.6 respectively; p < 0.001). On the
other hand a significant positive correla-
tion was found between seminal plasma
AFB1 level and abnormal sperm forms (r=
0.7; p< 0.001).

Experimental study results
As regard the first group of rabbit

Mansoura J. Forensic Med. Clin. Toxicol.

bucks, there wereno significant statistical
differences in the mean values of seminal
fluid volume, sperm concentration, sperm
viability, sperm motility, abnormal sperm
forms in the post-treatment rabbits as
compared with the negative control, posi-
tive control and pre-treatment rabbits (p >
0.05). On the other hand there was signifi-
cant increase in the mean value of seminal
plasma AFB, level in the post-treatment
rabbits as compared with the negative
control, positive control and pre-treatment
rabbits (p < 0.001) (Table 3).

The second group of rabbit bucks
showed no statistical significant difference
in the mean values of seminal parameters
in the post-treatment rabbits as compared
with the negative control, positive control
and pre-treatment rabbits (p > 0.05). As re-
gard the seminal plasma AFB, level in the
second group of rabbit bucks, there was
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significant increase in seminal plasma
AFB, level in the post-treatment rabbits as
compared with the negative control, posi-
tive control and pre-treatment rabbits (p <
0.001) (Table 4).

The results of the third group of rabbit
bucks showed no statistical significant dif-
ference in the mean values of seminal
fluid volume in the post-treatment rabbits
as compared with the negative control,
positive control and pre-treatment rabbits
(p > 0.05). There were significant decreas-
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es in sperm concentration, sperm viability
and total sperm motility in the post-
treatment rabbits. Also a significant in-
crease in the mean value of abnormal
sperm forms was found in the post-
treatment rabbits as compared with the
negative control, positive control and pre-
treatment rabbits. There was significant
increase in the mean value of seminal
plasma AFB, level in the post-treatment
rabbits as compared with the negative
control, positive control and pre-treatment
rabbits (p < 0.001) (Table 5).

Table (3) : Mean values of seminal fluid parameters and seminal plasma AFB, level in the first group of
rabbit bucks (received Aflatoxin B1 for 30 days) (n = 15).

Negative Positive i .
control control First group Povales
Groups Post Post
y e = - Post-
Pre-treatment | Post-treatment treatment | treatment | (reatment
Parameters Mean£8D | Mean=SD Versus Versus versus
Mean + 8D Mean + 8D negative | positive pre-
control control | treatment
Seminal fluid volume (ml) 094009 | 09+0.07 | 0.940+0.089 0.880 = 0.084 0.72 0.69 0.62
4 Sperm concentration per ml (x10") 225479 224465 230+12.75 22464632 0.83 1.00 0.32
Q
£
i Sperm Viability (%) 83+15 83+£25 80.0+3.54 79+4.18 0.1 0.07 0.62
=]
2
E Total sperm motility (%) T0+£3.5 68+2.7 67+ 4.18 66 £2.73 0.14 0.4 0.62
Abnormal sperm forms (%) [5+3.54 16£2.23 17£4.47 17+£2.74 0.35 0.54 1.00
Seminal plasma AFB, level (pg/ml) ND ND ND 21713 0.000% 0.000% 0.000%

n: number, *significant difference at p < 0.05, ND: not detected, SD: Standard deviation, AFBlz Aflatoxin Bl.
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Table (4) : Mean values of seminal fluid parameters and seminal plasma AFB, level in the second group
of rabbit bucks (received Aflatoxin B1 for 48 days) (n = 15).

Negative Positive Socond group P-value
Control control
G
S Pre-treatment | Post-treatment | POSt- Post- Post-
treatment | treatment | treatment
Parameters Mean +SD | Mean £ SD Versus versus versus
Mean £ SD Mean £ 8D negative | positive pre-
control control | treatment
Seminal fluid volume (ml) 09£0.12 | 09=006 [ 00940089 0.92£0.084 0.77 0.67 0.62
& | Sperm concentration per ml (x1 0% 2274758 | 226=4.18 225+6.21 221+£2.34 0.13 0.2 0.2
?EJ
£ | Sperm viability (%) 81+4.18 7942 77.0+£4.47 76+3.54 0.10 0.14 0.18
=B
g
£ | Total sperm motility (%) 67+2.7 66+4.18 66.0+£2.24 65 +£2.74 0.08 0.11 0.09
wl
Abnormal sperm forms (%) 16+2.2 17+£2.7 160 +4.18 19£4.18 0.2 0.4 0.07
Seminal plasma AFB, level (pg/ml) ND ND ND 451 +8 0.000* 0.000* 0.000%

n: number, *significant difference at p < 0.05, ND: not detected, SD: Standard deviation, AFB1: Aflatoxin Bl.

Table (5) : Mean values of seminal fluid parameters and seminal plasma AFB, level in the second group
of rabbit bucks (received Aflatoxin B 1 for 48 days) (n = 15).

Negative Positive .
Control control Ehild zromp tovalng
Groups ks - st-
& Pre-treatment | Post-treatment Past Rast Fas)
treatment | treatment | treatment
Parameters Mean+SD | Mean=SD versus versus versus
Mean + SD Mean + SD negative | positive pre-
control control treatment
Seminal fluid volume (ml) 092+023 | 0.89£0.07 0.92+0.192 0.88 +0.084 0.72 0.8 0.54
g | oheip concenmationperml | 5205935 | 2272908 | 2224570 | leox4ls3 | oor* | ooost | 003°
7]
g
?un‘_ Sperm viability (%) 85£3.5 84+£224 83+272 56.0 +8.94 0.000* 0.000* 0.001 *
5
r}S Total sperm motility (%) 66.2+545 67+4.38 70+ 3.54 50 +£7.07 0.004* 0.002* 0.005*
Abnormal sperm forms (%) 16 +2.24 16+223 17.0+2.74 27+4.47 0.001% 0.001% 0.01*
Seminal plasma AFB, level (pg/ml) ND ND ND 612 +£23 0.000% 0.000* 0.000*

n: number, *significant difference at p < 0.05, ND: not detected, SD: Standard deviation, AFB1: Aflatoxin Bl.
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In the current study, there was neither
significant statistical difference in the
mean value of seminal fluid volume be-
tween the first and second group treated
rabbits, first and third group, the second
and third group nor different treated rab-
bits groups (p > 0.05). There were no sig-
nificant statistical differences in the mean
value of sperm concentration, sperm via-
bility and total sperm motility between the
tirst and second group treated rabbits, but
there was significant decrease between the
first and third group treated rabbits, the
second and third group and different
treated animal groups. For the mean val-
ues of abnormal sperm forms, there was
no significant statistical difference be-
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tween the first and second group treated
rabbits (p > 0.05) but there was significant
increase between the first and third group
treated rabbits (p < 0.01), the second and
third group treated rabbits (p > 0.05) and
different treated rabbit groups (p < 0.01)
(Table 6).

As regard the mean value of seminal
plasma AFB, level, there were significant
statistical differences between the first and
second group treated rabbits, the first and
third group treated rabbits, the second
and third group treated rabbits and differ-
ent treated rabbit groups (p < 0.001) (Table
6).

Table (6) : Comparison of mean values of seminal fluid parameters of the rabbit bucks among the three

studied groups after AFB, treatment (n=45).

First group | Second group | Third group P value
Groups -
First First | Second
Parameters Mean + SD Mean £ SD Mean £ SD ;::::; ‘t;:i:s ‘;;il(;s ANOVA
group | group | group
Seminal fluid volume (ml) 0.920.084 [ 092+ 0.084 | 0.88+ 0.084 [ 1.00 0.47 0.47 0.69
g | oy coneenetion perm 2464652 | 21+234 | 160=41835 | 036 | 001 | 001* | 0.002%
D
B
g | Sperm viability (%) 79+4.18 75 +£3.54 56+ 8.94 0.14 | 0.001* [ 0.002*| 0.000*
)
é Total sperm motility (%) 66 +2.73 62 £2.74 50 £7.07 0.11 0.002 % | 0,008 *] 0.001*
Abnormal sperm forms (%) 17+2.74 19+4.18 27+447 0.4 0.003* | 0.019* [ 0.004*
Seminal plasma AFB, level (pg/ml) 217+£13 451 +8 612423 0.000* | 0.000* | 0.000* [ 0.000*

n: number, *significant difference at p < 0.05, ND: not detected, SD: Standard deviation, AFBlz Aflatoxin Bl.

Mansoura J. Forensic Med. Clin. Toxicol.
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Table (7) : Correlation between seminal plasma AFB, (pg/ml) and different seminal fluid pa-
rameters in the AFB1 treated rabbit bucks (n = 15).

Seminal plasma AFB,
Parameters

Correlation coefficient P-value
Seminal fluid volume (ml) -0.27 0.37
Sperm concentration per ml (x10°) - 0.68 0.005 "
Sperm viability (%) -0.78 0.001°
Total sperm motility (%) -0.79 0.000 "
Abnormal sperm forms (%) 0.67 0.006 *

n: number, * significant difference at p < 0.05, AFBlz Aflatoxin B e

Table (7) shows the correlation between
seminal plasma AFB, level and different
seminal fluid parameters in the AFB,
treated rabbit bucks. There was no signifi-
cant correlation between seminal AFB,
level and plasma seminal fluid volume (r
= - 0.27 and p > 0.05). There were signifi-
cant negative correlations between plasma
seminal AFB, level and seminal concentra-
tion, sperm viability, sperm motility (r = -
0.68, - 0.78, - 0.79 and p < 0.01, 0.01 and
0.001 respectively). On the other hand,
there was significant positive correlation
between plasma seminal AFB, level and
abnormal sperm forms (r = 0.67, p <
0.01).

Histometeric analysis

In the first, second and third rabbit
groups, there were significant decreases in
the mean value of seminiferous tubules

Mansoura J. Forensic Med. Clin. Toxicol.

area and significant increase in the inter-
stitial area in the treated rabbits as com-
pared with the negative and positive con-
trol groups (p < 0.01) (Table 8). By
comparison between the three rabbit
groups using AVOVA test, there were sig-
nificant decrease in the mean seminiferous
tubules area and significant increases in
the mean value of interstitial area between
the first and second group treated rabbits,
the first and third group treated rabbits,
the second and third group treated rabbits
and different treated animal groups (p <
0.01) (Table 9).

In the current study, there was signifi-
cant negative correlation between semi-
nal plasma AFB; level and seminiferous
tubules area (r = -0.9 and p < 0.01) while
positive  correlation between seminal
plasma AFB, level and interstitial area

(r = 0.9 and p < 0.01) was detected (Table
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Table (8) : Comparison of the mean value of histometric analysis between controls and AFB treated
rabbit groups ( n=45).

Negative Positive AEE,
treated P value
control control 5
rabbits
Groups
Negative Treated Treated
Parameters control groups groups
Mean £ SD | Mean £ SD Mean = SD versus versus versus
positive negative positive
control control control
First Seminiferous tubules area (%) 8766+ 1.77 B58+28 7657 +2.24 0.611 0.000* 0.000*
ITS
Group - - & ) " *
Interstitial area (%) 12332177 | 141528 2343224 0.611 0.000 0.001
Seminiferous tubules area (%) 805+ 1.6 873117 7240+ 1.24 0.471 0.000* 0.000%
Second
Group s . ’ )
Interstitial area (%) 13.541.6 127+1.7 2760+ 1.24 0.471 0.000* 0.000#
Third Seminiferous tubules area (%) 87.2+£24 B77+1.8 66.26+£1.72 0.72 0.000* 0.000#
hir
Grou ;
P Interstitial area (%) 128+24 123+ 1.8 33.74£1.72 0.72 0.000* 0.000*

n: number, * significant difference at p < 0.05, AFBlz Aflatoxin Bl'

Table (9) : Comparison of mean values of histometric analysis among different AFB, treated rabbit
groups (n = 15).

First group Second group | Third group P-value
Groups
Einst vernm First versus | Second versus
Parameters Mean £ SD Mean+SD | Mean £SD second : ? ANOVA
third group third group
group .
Seminiferous tubules area (%) 76.57+2.24 7240+ 1.24 6626+ 1.72 0.007* 0.000* 0.000* 0.000*
Interstitial area (%) 234324 2760+1.24 | 3374172 0.007* 0.000% 0.000* 0.000*

n: number, * significant difference at p < 0.05.

Table (10) : Correlation between seminal plasma AFB, (pg/ml) and histometric
analysis in AFB 1 treated rabbit bucks (n = 15).

Parameters Correlation co-efficient P value
Seminiferous tubules area (%) -0.9 0.000*
Interstitial area (%) 0.9 0.000"

n: number, * significant correlation at p < 0.05, AFBl: Aflatoxin B1
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10).

Histopathological results

Testis

Hematoxyline and Eosin examination
of both negative and positive control
groups revealed that, the testis was
formed of seminiferous tubules that were
lined with many layers of spermatogenic
cells in addition to Sertoli cells. The inter-
stitial tissue is formed of Leydig cells and
blood capillaries (Figure 4).

Examination of the first group treated
rabbits revealed that the tubules had an ir-
regular outline. Most of the tubules con-
tained many layers of spermatogenic cells
up to sperms, others were devoid of them.
Some spermatogenic cells contained dense
pyknotic nuclei and vacuolated cyto-
plasm. The interstitial tissue showed ede-
ma and acidophilic exudates with conges-
tion of blood vessels. The second group
treated rabbit examination revealed that
the tubules had an irregular outline. Some
tubules were full of spermatogenic cells
up to late spermatid which had an orienta-
tion in the form of their nuclei toward the
base of the tubules. Other tubules had dis-
organized germ cells with pyknotic nuclei
and vacuolated cytoplasm. The interstitial
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tissue showed edema. The third group
treated rabbits examination revealed that
most of the tubules had irregular outline
and contained few layers of germ cells
with pyknotic nuclei and vacuolated cyto-
plasm (Figure 5). Few spermatids were ob-
served with appearance of abnormal cells

(mononucleated and multinucleated giant
cell).

The epididymis

The epididymis of the control rabbits
was formed of tubules lined with pseudo-
stratified columnar ciliated epithelium.
The lumen contained numerous sperms
(Figure 6). Examination of the first group
treated rabbits revealed that the epididy-
mal tubules contained fewer number of
spermatozoa compared to the control one.
The second group treated rabbit examina-
tion showed that some cells lining the epi-
didymal tubules had pyknotic nuclei and
vacuolated cytoplasm while the epididy-
mis of the third group treated rabbits
showed shedding of parts of the epithelial
lining. Examination of the third group
treated rabbits revealed that some cells lin-
ing the epididymal tubules desquamated
to form the basement membrane with no
spermatozoa in the tubular lumen (Figure
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Fig. (4) : A photomicrograph of a section in the testis of control
group showing many seminiferous tubules (T) with nar-
row lumina (arrows) (Hematoxyline and Eosin X 100).

Fig. (5) : A photomicrograph of a section in the testis of the third treat-
ed group showing most of the tubules contains few layers of
spermatogenic cells which had pyknotic nuclei and vacuolat-
ed cytoplasm (G) (Hematoxyline and Eosin X 200).

Fig. (6) : A photomicrograph of a section in the epididymis of the con-
trol rabbits showing numerous spermatozoa (sp) in its tubules
(T) (Hematoxyline and Eosin X 200).
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L B

Fig. (.7) : A pho

tomicrograph of a section in the epididymis of the third

treated group showing shedding of parts of the epithelial lin-
ing (arrows) (Hematoxyline and Eosin X 400).

7).
DISCUSSION

Dietary toxins such as mycotoxins are
among the major contributors to deteriora-
tion of male reproductive health (Hussein
and Brasel, 2001).

The present case-control study showed
significant decreases in the mean values of
human sperm concentration, progressive
sperm motility and total sperm motility in
the second group. On the other hand,
there were significant increases in the
mean values of abnormal sperm forms,
and seminal plasma AFB, level in the sec-
ond group as compared with the first hu-
man group. Significant negative correla-
tion between seminal plasma AFB, level
and sperm concentration, progressive
sperm motility and total sperm motility
was found. On the other hand there was
significant positive correlation between

Mansoura J. Forensic Med. Clin. Toxicol.

seminal plasma AFB, level and abnormal
sperm forms.

These results could be explained by the
toxic effect of dietary exposure to Aflatox-
ins on spermatogenesis. De Kretser and
Kerr (1994) recorded that on exposure to
Aflatoxin, a significant alteration in pro-
gression of the cell cycle of spermatogene-
sis was observed. This alteration leads to
damaging effect to the chromatin of pach-
ytene spermatocytes. The metabolic pro-
cessing of AFB, by cytochrome P450 gen-
erates the reactive intermediate exo-AFB;-
8, 9-epoxide, which is capable of covalent
binding to DNA to form bulky adducts.
These adducts, if not repaired, may cause
site-selected mutagenesis (Denissenko et
al., 1999; Williams et al., 2004). Aflatoxins
were also reported to interfere with pro-
tein synthesis by binding to both RNA
and DNA and blocking transcription (Pier,
1992).
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Adedara et al. (2014) reported that
AFB, suppressed testosterone secretion in
a dose-dependent manner and inhibited
expression of cholesterol transporter ste-
roidogenic regulatory protein (StAR) and
steroidogenic enzymes. The finding high-
lights potential extra-hepatic effects of Af-
latoxin exposure. Also it indicates that ex-
posure to AFB; has significant reprod-
uctive health implications even under con-
ditions of low dietary toxin levels.

The results are in agreement with Hafez
et al. (1983) who studied the effect of die-
tary Aflatoxins on adult fertile male rab-
bits at various reproductive conditions.
The results revealed an injurious effect on
the reproductive performance in males
that received high dietary Aflatoxins. It
was found that Aflatoxin was secreted in
the semen and conjugated with the gam-
ma-globulin fraction of plasma proteins.
Picha et al. (1986) studied Aflatoxin B, and
fertility in 21 boars of four breeds for the
period of twelve months. It was found
that the group of boars with fertility disor-
ders had more Aflatoxin in their sperm
(up to 100 pmol /1), lower sperm concen-
tration, lower survival of spermatozoa,
and a larger proportion of abnormal sper-
matozoa.

Another study was conducted by Uriah
et al. (2001) on adult Nigrian individuals

who found significant increase in Aflatox-
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in B, in blood and semen of infertile men
than in fertile ones. The mean levels of
seminal plasma AFB; were higher than
the mean levels in the present study. This
increase can be explained by high environ-
mental temperature in Nigeria which fa-
vors Aflatoxin formation.

As regard the first and second groups
of rabbit bucks, there was no significant
statistical difference in the semen parame-
ters in the post-treatment rabbits as com-
pared with the negative control, positive
control and pre-treatment rabbits in spite
of significant increase in the mean value of
seminal plasma AFB; level in post-
treatment rabbits.

Semen quality was not affected by the
toxic effect of AFB, in the first and second
rabbit group. This could be explained by
the length of the spermatogenic cycle of
the seminiferous epithelium in rabbits. In
rabbit, each cycle lasts 10.7 days. Approxi-
mately 48 days or 4.5 cycles are required
for committed type A spermatogonium to
differentiate into mature spermatozoa.
Then they are released into the lumen of
seminifrous tubules. An additional 10-14
days (1-1.5 cycles) are required for sper-
matozoa to pass through the epididymis
into the ejaculate (Amann, 1982).

As regard the third group rabbit bucks,
there was significant decrease in the mean
value of sperm concentration, sperm via-
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bility, and total sperm motility in the post-
treatment rabbits. On the other hand,
there was significant increase in the mean
value of seminal plasma AFB, level and
abnormal sperm forms of the post-
treatment rabbits.

These results could be explained by Af-
latoxin induced reduction of serum testos-
terone (Salem et al., 2001; Verma and Nair,
2002) and also by direct toxic effect of Af-
latoxin on testicular tissue and mutagene-
sis (Verma, 2004). High seminal fluid
AFB1 level could be explained as, in a nor-
mal situation, ingested Aflatoxin is metab-
olized at the liver to intermediate and end
products, which are more water soluble
and easily excreted via urine. When liver
function becomes inefficient or impaired,
accumulation of Aflatoxins occurs. The
translocation of Aflatoxin B, from the
blood to semen through the blood testis
barrier was very effective (Uriah et al.,
2001). Marvan et al. (1983) found that,
among all tissues, AFB, concentration was
the highest in the gonads. Petr et al. (1995)
conducted a study on the Chinese ham-
ster. The authors detected a free AFB; in
the testis after a single i.p dose of 0.1 mg
of AFB,/Kg from minutes up to 8-10
hours after injection. The results are in
agreement with the results recorded by
Egbunike (1985) where disruption of sper-
matogenesis, androgen synthesis and
sperm function were observed in male
mice treated with AFB, at 50-60 mg/kg
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body weight/day for 30 days.

Ibrahim and Salim (1994) observed
gross reduction in serum testosterone lev-
el after treatment of male rats with Afla-
toxin. Salem et al. (2001) conducted a re-
search on mature male rabbits to detect
the effect of Aflatoxin B1 on semen quali-
ty. Significant decreases in ejaculate vol-
ume, sperm concentration, sperm motility
index, and semen initial fructose concen-
tration were detected after treatment of
animals with two sublethal doses of Afla-
toxin Bl'

Adedara et al. (2014) conducted a study
on Leydig cells, isolated from 35-day-old
male Long-Evans rats, after incubation
with AFB, at different doses. AFB; sup-
pressed testosterone secretion in a dose-
dependent manner.

Ataman et al. (2014) conducted a study
on Merino rams to study the effect of Afla-
toxin (AF) on spermatologic, biochemical,
and testis parameters in rams. The per-
centage of motile sperm was lower and
the percentages of abnormal sperm, sperm
with damaged acrosomes, and dead
sperm were greater in the Aflatoxin treat-
ed group.

The present study showed testicular re-
gression as there were significant decreas-
es in the mean value of seminifrous tu-
bules area and significant increase in the
mean value of interstitial area in the treat-
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ed rabbits. The result of testicular regres-
sion is in agreement with Doerr and Ot-
tinger (1980), where aflatoxicosis was in-
duced in young Japanese quail. There
were significant decreases in testicular
weights relative to body weight in a peri-
od of six weeks. Piskac et al. (1982) con-
ducted a study on male rats and pigs. The
testes showed different degrees of dystro-
phy leading to the destruction and atro-
phy of spermiogenic epithelium and ede-
ma in the tissue.

The present results agreed with the re-
sults recorded by Ortatatli et al., (2002) on
adult rooster males where there were sig-
nificantly atrophied testes and absence of

spermatogenesis of all AF-treated groups
of birds.

On the other hand a study conducted
by Lakkawar et al. (2004) on New Zealand
white rabbits in which animals were fed
an Aflatoxin B, (AFBl) contaminated diet.
Mild testicular atrophy with other signs
of aflatoxicosis was found. Ahmed et al.
(2012) found that there were dose de-
pendant histopathological changes varied
from mild testicular degeneration to a
complete atrophy of seminifrous tubules
and loss of all stages of spermatogene-
sis.

The study of Shapour and Leila (2013)
evaluated the chronic effects of Aflatoxin
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B, on spermatogenic cell series in adult
Wistar male rats. The authors concluded
that the oral administration of Aflatoxin
Bl can decrease spermatogenic cells in a
dose dependent manner.

CONCLUSION

The present work showed significant
increase in seminal plasma AFB, level in
the infertile human group. The increased
AFB, level affected significantly semen
parameters.

Experimental results showed significant
negative correlation between the seminal
AFB; level and sperm concentration,
sperm viability and total sperm muotility
meanwhile significant positive correla-
tion with abnormal sperm forms was de-
tected.
showed degeneration of seminifrous tu-

Histopathological =~ examination
bules, which increased by increasing du-
ration of treatment. The tubules showed
absence of mature sperms with appear-
ance of uninucleated and multinucleated
giant  cells.

Epididymal epithelium

showed  vaculation and degeneration
which increased by increasing the dura-

tion of treatment.
RECOMMENDATIONS

It is advised to measure Aflatoxin 81
level in seminal plasma of infertile male as
increased Aflatoxin B1 level can be consid-
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ered as one of the causes of male infertili-

ty.
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