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wide range of agricultural products, such as grain, nuts, or spices. The
problem of aflatoxin contamination of the food products is a common
problem in tropical and subtropical regions of the world, especially in the
developing countries where the environmental conditions of warm
temperatures and humidity favor the growth of fungi. AFB; is known to

interfere with embryonic development. Aim of the work is to evaluate the
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effect of AFB; on pregnant mice and their offspring. Methods: 40 pregnant
female mice were divided into groups and fed fodder contaminated with 5,
10 and 20 pg AFB; / kg of fodder. Administration started ten days before
mating and continued during the whole period of pregnancy. Treated
mothers and offspring were morphologically examined and weighed daily.
Results: The treated mothers showed body weight loss, in utero embryo
resorption, reduced pregnancy percentage (90.9% and 83.3%), and low
number of embryos per mother (3.53, 5.18 & 5.42 compared to 8.23 in
controls). Mortality percentage increased (3.77, 5.26 & 16.92 compared to
2% in control). Neonatal infants exhibited insignificant reduction in body
weight and altered morphometric measurements including crown rump and
head circumference, ear pinna, tail length fore and hind limb lengths, which
were significantly reduced. 21 postnatal day-old infant restored normal body
weight. Exposed mothers showed aggressive agonistic behavior and
cannibalism. Conclusion: AFB; has a negative impact on embryonic
development, altered and reduced infant morphological parameters. 21
postnatal day-old infant restoration of normal weight might be attributed to
early disappearance of AFB; from mothers’ milk. AFB; induced cognitive

neurotoxicity leading to aggression. Further studies are recommended.

INTRODUCTION
Aflatoxins are harmful mycotoxins [1]. Among the various types of aflatoxins, aflatoxin
B1 (AFB;) is the predominant form with the most toxic effect [2]. AFB; is produced by
Aspergillus, which usually contaminates a wide range of agricultural products, such as
grain, nuts, or spices, especially in tropical and subtropical climatic regions [3]. AFB; is

not only known as one of pathogenic factors for liver cancer, but also it is associated with
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other chronically adverse effects [4], including immune suppression, nutrient absorption,
and metabolic disturbance.

Notably, AFB; exposure is ubiquitous in the natural environment throughout the world,
and disconcertingly it has been detectable in pregnant women [5-7]. Accumulating
evidence indicates a link between prenatal AFB; exposure and adverse pregnancy and
birth outcomes, including maternal anemia and intrauterine growth restriction [8, 9].
Anemia is confirmed to be connected with fetal growth restriction [10], premature birth,
and low birth weight [11]. Animal studies have revealed that AFB; has impaired the
morphology of erythrocytes by inducing oxidant stress and caused a decrease in
hemoglobin concentration [12, 13]. However, the effect of AFB; has not been extensively
studied in humans. Only one cross-sectional research study reported the relationship
between AFB; exposure and anemia among pregnant women in Ghana, Africa [14].
Aflatoxicosis has been reported to cause lymphocytopenia and monocytopenia and
increased percentage of neutrophil counts [15]. Generally, aflatoxins have been reported
to depress growth and alter many aspects of humoral and cellular immunity and thus
affect the hematological parameters [16, 17]. The exposure of pregnant females or birds
to aflatoxins can affect embryos in utero or in fertilized eggs, respectively, producing
various adverse health effects and different pathological gestation/incubation outcomes
[9].

Pregnant rats that were administered AFB; between the sixth and fifteenth days of
pregnancy, were harmed at a dosage of one mg/kg body weight [18]. Also, pregnant
women or birds that were exposed to aflatoxins produced a variety of negative health

effects and pathological pregnancy/incubation outcomes [9]. Pregnant women exposed to
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increased risk of experiencing a range of consequences, such as preterm birth, fetal loss
and retarded growth. There has been evidence of growth limitation in both people and
animals, where there is a negative correlation between birth weight and the
concentrations of the right biomarkers in the cord blood [19].

This study aims to explore the adverse morphological effects of AFB; on the developing
mice embryo, to determine whether a small dose of AFB; could induce anomalies and the
effect of AFB; on the pregnant female mice that were fed on a contaminated fodder.

MATERIALS AND METHODS

2.1.  Production of AFB;:

Aflatoxin B; was produced in Botany & Microbiology Department, Faculty of
Science, Assiut University using special strain of Aspergillus flavus (A. flavus AUMC
16585). This strain was isolated from popcorn, identified and characterized as highly
producer of aflatoxin B; in a recent study [20]. AFB; produced by this strain via
fermentation of uncontaminated feed was used for feeding albino mice in the present study
by the method described by Shotwell et al. [21] with minor modification by Oguz [22].
Briefly, broken uncontaminated feed (each 300 g) was placed in each 1000 mL Erlenmeyer
flask at 20% moisture content and was sterilized in autoclave at 121°C for 15 min. The
flasks were cooled and inoculated with spore suspension of one-week old culture of
Aspergillus flavus on Czapek’s liquid medium. The flasks were incubated at 28°C for 10
days with hand shaken vigorously six to ten times a day to avoid clump formation. At the
end of fermentation period, moldy feed was dried and the aflatoxin content was estimated

by the thin layer chromatography [23] and quantitative analysis of aflatoxin was detected
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by ultra-performance liquid chromatography (UPLC) according to the method described by
Benvenuti and Burgess [24] in the central laboratory of the Faculty of Veterinary Medicine
at Assiut University.
2.1.1. Detection of aflatoxin B,
25 gm of contaminated fodder was analyzed with High Performance Liquid
Chromatography [25] as follows:
2.2.  Preparation for AFB;:
2.2.1. Standard preparation:
Two stock solutions were purchased from Supelco; 46319-U and 46304-U. From these,
intermediate stocks were prepared in methanol and diluted with 1% acetic acid (aq) to
produce six standard mixes with concentrations. These concentrations bracket the
concentration of the final extract following the sample preparation procedure described
below. From each standard, 20 pL was injected in triplicate.
2.2.2. Sample preparation:
Contaminated fodder with AFB; sample was divided into two 25 g portions. One portion
was kept as a blank. The other was spiked with aflatoxin standards at EU levels as
described below. Both portions were then carried through the VICAM AflaTest cleanup
procedure.
2.2.3. Spiking Procedure:
Each sample was spiked at 4 pug/kg total B and G (1.54 pg/kg B1). This was achieved by
adding 384.6 pL of 0.26 mg/L solution to the blender for the sample preparation. In
addition, the fodder containing AFB1 was spiked at 0.05 pg/ kg by adding 125.0 pL of a

0.01 mg/L solution of M1.
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2.2.4. AflaTest sample preparation procedure:

Using a blender, blend 25 g sample, 5 g sodium chloride, and 100 ml of an 80:20
methanol:water (HPLC grade) mix at high speed for 1 min.

— Filter this mixture through fluted Whatman filter paper (filtrate 1).

— Mix 10 mL of filtrate 1 and 40 mL water.

— Load 10 mL of filtrate 2 onto a VICAM AflaTest Affinity Column, part no.

G1024.

— Wash with two 10 mL portions of HPLC-grade water.

— Elute with 1 mL HPLC grade methanol.

— Dilute 1:1 with 1% aqueous acetic acid and inject.
The resulting solution, assuming 100% recovery, had a calculated concentration of 1000
ng/L total aflatoxins B, G and 12.5 ng/L M1 (spiked fodder). A total of 20 pL was
injected for UPLC-FLR analysis.

2.2.5. Separation of AFB;:
The separation of the aflatoxins analyzed in this work was achieved in a run time of less
than 4 min. figure below shows a representative overlay of the six different
concentrations of the standard mixes.
2.3. Preparation of fodder contaminated with aflatoxin B; in different
concentrations:
After determination of AFB; concentration, three different concentrations of fodder were
prepared as follows:
5 po/kg dose: Was prepared by mixing 49.5 g of free fodder and 5.5 g of contaminated

fodder with AFB;.
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10 po/kg dose: Was prepared by mixing 49.5 g of free fodder and 11.1 g of contaminated
fodder with AFB;.

20 pg/kg dose: Was prepared by mixing 49.5 g of free fodder and 22.1 g of contaminated
fodder with AFB;.

2.4. Experimental Animals:

40 Adult females and 20 males albino mice (CD1) of an average body weight 22-25 gm
were obtained from the animal house of the Egyptian Organization for Biological
Products and Vaccines (VACSERA), Helwan, Cairo, Egypt.

2.5. Ethical approval:

The study was approved by the Ethics Committee of the Faculty of Medicine, Assuit

University (Approval No. 04-2022-20004, dated January 18, 2023)

2.6. Experimental design:
2.4. After acclimatization for 10 days, females were randomly divided into 4 groups
each group consisted of 10 females as follows:
*Group (1): Mice were kept as a control and received only uncontaminated fodder and
drinking water ad libitum.
*Group (2): Mice were fed on 5 pg AFB1/kg of contaminated fodder ad libitum.
*Group (3): Mice were fed on 10 pg AFB1/kg of contaminated fodder ad libitum.
*Group (4): Mice were fed on 20 pg AFB,/kg of contaminated fodder ad libitum.
The dose selection was achieved according to the reported permissible limits of aflatoxin
in some countries such as South Korea (10-20 pg/kg). A lower dose (5 pg/kg) was also
included to assess the effects of sub-threshold levels. The dose selection was further

supported by a previous study of Ali et al. [26].
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2.6.1. After the mice had adapted to their environment, control and treated females were
administered daily doses of tap water and different concentrations of AFB; for seven days
before mating and continued during pregnancy.

2.6.2. Females were mated at night using apparently healthy males in a ratio of two
female/ one male/ cage.

2.6.3. Early next morning (before 9 am), copulation was checked by examining the outer
surface of the vagina for the presence of a vaginal plug formed by coagulation of semen
(white clotting, sperm clot). When such a white to grayish clot, blocking the mouth of
vagina, was detected, this day was considered as a half a day of gestation.

2.6.4. The gradual increase in motherly body weight was considered as a sign for
pregnancy. The gestation period in mice was about 21 days.

Body weights of pregnant mice of both control and treated groups were recorded every
day, also body weight of female mice before pregnancy as well as the infants at (neonatal
and 21 postnatal days).

Pregnancy rate was calculated by dividing the number of pregnancies for all females in
the group throughout the experimental period/the number of females in the group (10
females).

Also, mortality rate of infants and embryo number per mother were calculated.

2.7. Specimens preparation:

2.7.1. Neonatal and 21-postnatal day mice infants were considered for investigation.
2.7.2. Pregnant female mice and embryos at 10.5 and 15.5 days of gestation were also

subjected to investigation. Mice infants (neonatal and 21 postnatal days) were fixed in
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10% formalin for morphological studies. After fixation, the specimens were preserved in
70% ethanol.

2.8. Morphological investigations:

Weight and morphological abnormalities were recorded for infants at the ages of
(neonatal and 21 postnatal days). Morphometric measurements were recorded for infants
at the age of 21 postnatal days, such as crown-rump length, head length, head
circumference, head height, tail length, ear length, fore limb and all parts of hind limb
lengths.

2.9. Statistical analysis:

The obtained data were subjected to one-way ANOVA analysis followed by Duncan
post hoc-test at p<0.05. Correlation coefficient was also applied to the present data using
SPSS package program.

RESULTS

3.1. Aflatoxin B; Concentration:

Quantitative analysis of aflatoxin B; using HPLC revealed that its concentration was
8.401 ppm while AFB, was 0.68 ppm, as determined from the corresponding calibration

curve (fig. 1)
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Fig. (1): A histogram representing the absorbance of Aflatoxin B; and B, (EU/min)
3.2. Morphological Observations on female mice

3.2.1. Effect of AFB; on female mice weight before pregnancy:

Statistical analysis of the body weight of female mice before pregnancy indicated that
body weight was changed due to AFB; treatment. AFB; 5 & 20 pg treatments showed
significant decrease compared to control mothers (p = 0.032), while this decrease was

insignificant in case of 10 pg treatment (p > 0.05) (Fig. 2).
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Fig. 2: Effect of AFB; on female mice weight before pregnancy.

3.2.2. Effect of AFB; on female mice during pregnancy days:

Statistical analysis of the body weight of female mice during pregnancy indicated that all

treated groups showed insignificant decrease compared to control mothers (p > 0.05)

(Fig. 3).
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Fig. 3: Effect of AFB; on female mice weight during pregnancy.

3.2.3. Effect of AFB; on mother mice during lactation:

Statistical analysis of the body weight of female mice during lactation indicated that all
treated groups were greatly affected and showed significant decrease compared to control
mothers (p = 0.00). The median AFB; concentration (10 pg) was less effective than the
lowest and highest AFB; concentrations (5 & 20 pg) where the most reducing effect was

obtained (Fig. 4)
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Fig. 4: Effect of AFB; on female mice weight during lactation period.

3.2.4. Effect of AFB; on pregnancy outcomes:

From each group, three pregnant females were sacrificed by

cervical dislocation on days 10.5 and 15.5 of gestation days (GD). The uteri of the control
pregnant mice at 10.5 gestation days showed a normal distribution of the embryos among
the two horns, with an average size of implantation sites (Fig. 5 a). However, 5 & 10 pg
AFB; treated groups showed abnormal distribution of the embryos between the two horn
parts, with delay in the development of embryos which was indicated by small size of
implanted embryos, also there was a decrease in the number of implantation sites
compared to control indicating that some embryos may be resorbed (Fig 5 b, ¢ & d).
Moreover, there were clearly visible resorbed embryos in 10 pg AFB; treated groups
(Fig. 2 d). In 20 pg AFB; group the abnormalities were less than the two lower doses of
AFB;3, the size of embryos and number of implantation sites were less than control which
indicates that miscarriage may not occurred in these cases, also in another case, growth

retarded embryos were indicated by small size, compared to control group (Fig. 5 e).
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Fig. (5): Photographs of the mice uteri at GD 10.5 in control and AFBjtreated groups, (a)
control, (b & c) 5 pg AFBI, (d) 10 pg AFB1 and (e) 20 pg AFB1. Abnormal size of

implantation sites (purple arrows) and resorbed embryos (black arrows).

The uteri of the control pregnant mice at 15.5 GD showed normal distribution of the
embryos among the two horns, with an increase in the size of developing embryos (Fig. 6
a). However, 5 pg AFB; treated group showed a decrease in the number of implantation
sites compared to control, and uterus also showed a marked cystic dilatation of one
uterine horn filled with clear to yellowish fluid (Fig. 6 b). In 10 pg & 20 ug AFB; treated
groups, the uterine horns showed growth retardation of embryos and there was also a

decrease in the number of implantation sites in 10 ug AFB; treated groups compared to

control group (Fig. 6 ¢ & d).
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Fig. (6): Photographs of the mice uteri at GD 15.5 in control and AFB1 treated groups,
(a) control, (b) 5 ng AFBI, (c) 10 pug AFBI1 and (d) 20 pg AFBI1. Abnormal size of

implantation sites (purple arrows) and resorbed embryos (black arrows).

Pregnancy percentage: daily observations during the experiment revealed that
pregnancy percentage was 100% in control mothers and those fed on the lowest
concentration of AFB;. The pregnancy percentage was decreased to 90.9% upon
treatment with the median concentration of AFB; and reached the highest percentage of

about 83.33% upon feeding on the highest concentration of AFB;. This means that

pregnancy rate is concentration dependent (Fig. 7).
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Fig. 7: A comparison of pregnancy percentage of control and experimental female mice

fed on different concentrations of AFB;.

Mortality percentage of the infants: visual observations of the newly born infants
during lactation period revealed that the lowest mortality percentage was recorded in the
control group, where only 2% of infants died without any clear cause. The percentage of
mortality was 3.77% in case of the lowest concentration of AFB;. This percentage
increased to 5.26% in the median concentration of AFB; and reached the highest
percentage of about 16.92% in after treatment with the highest concentration of AFB;.

These observations clearly indicate that the mortality rate was concentration dependent

(Fig. 8).
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Fig. 8: A comparison of mortality percentage of newly born infants of control and

lactating mothers fed on different concentrations of AFB;.

Embryo number per mother: counting the number of embryos or newly born babies

revealed that the average number of embryos per mother was 8.23 embryos per control

mother. The lowest concentration of AFB; produced the lowest average of 3.53 embryos

per mother. The median and highest concentrations of AFB; gave the averages of 5.18

and 5.42 embryos per mother respectively (Fig. 9).
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Fig. 9: A comparison of number of embryos per mother of control treated mothers fed on
different concentrations of AFB;.
3.3. Morphometric measurements of the offspring:
3.3.1. Measurements of neonatal infant body weight:
Statistical analysis of measurements of the neonatal infants of control and experimental
groups revealed insignificant differences among all treatments, where p > 0.05

(Fig.10).
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Fig. 10: A comparison of weight of control and experimental neonatal infants after
treatment with different concentrations of AFB;. Data are presented as Mean *

SD.

3.3.2. Measurements of 21 postnatal day-old infant body weight:
All treated groups demonstrated higher mean body weights compared to control group,
with a statistically significant difference (p = 0.028). Notably, the 20 pg AFB; treated

group showed the highest increase in mean body weight compared to control (Fig. 11)
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Fig. 11: A comparison of weight of control and experimental infants at the age of 21
postnatal days after treatment with different concentrations of AFB;. Data are presented

as Mean + SD.

3.3.3. Morphometric parameters of infants at 21 postnatal days:
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Statistical analysis of the crown rump length measurements in AFB; treated groups
showed insignificant increase in the two lower concentrations compared to control
groups, while there was a significant increase in the highest concentration of AFB;,

where P = 0.034 (Fig. 12).
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Fig. 12: A comparison of crown-rump length (cm) at 21 days old infant mice between

different treated groups. Data are presented as Mean * SD.

Statistical analysis of the head height measurements revealed insignificant decrease in 10

& 20 pg AFB; treated group compared to control, where P > 0.05 (Fig. 13).
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Fig. 13: A comparison of head height length (cm) at 21 days old infant mice between
different treated groups, showing insignificant differences with little decrease in the

highest two concentrations of AFB;. Data are presented as Mean + SD.

Statistical analysis of the head circumference measurements revealed decrease in
measurements in all treated groups. The decrease was significant in the lowest and
highest two concentrations of AFB1 where p = 0.049, while the median concentration

exhibited insignificant decrease (Fig. 14).

Head circumference

1111

Control 10 pg 20 pug
Groups

m
n

o]

Length (cm)
9y
wu

9]

P
n

Fig. 14: A comparison of head circumference length (cm) at 21 days old infant mice
between different treated groups, showing decrease in measurements in all treated groups.
The decrease was significant in the lowest and highest two concentrations of AFB;. Data

are presented as Mean £ SD.
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Statistical analysis of the head length measurements revealed insignificant decrease in 10

& 20 pug AFB; treated group compared to control, where P > 0.05 (Fig. 15).
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Fig. 15: A comparison of head height length (cm) at 21 days old infant mice between
different treated groups, showing insignificant decreases compared to control. Data are

presented as Mean + SD.

Statistical analysis of the ear pinnae lengths revealed increase lengths in all treatments.
This increase was significant in the two lower concentrations of AFB; treatments
compared to control group, where P = 0.002. The increase in length was insignificant in

the highest concentration of AFB; (Fig. 16).
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Fig. 16: A comparison of ear pinnae lengths (cm) at 21 days old infant mice between
different treated groups, showing increase in measurements in all treated groups. The
decrease was significant in the lowest two concentrations of AFB1, while the highest

concentration of AFB; was insignificantly increased. Data are presented as Mean + SD.

Statistical analysis of the tail length revealed a highly significant increase in all treated

groups compared to control, where P = 0.00 (Fig.
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Fig. 17: A comparison of tail height length (cm) at 21 days old infant mice between
different treated groups, showing highly significant increases compared to control (P =

0.00). Data are presented as Mean + SD.

Statistical analysis of the fore-limb length revealed insignificant differences among all
treatments compared to control. Such differences ranged from insignificant decreases in
the two lower concentrations to an insignificant increase in the highest concentration of
AFB;. Among treatments, the lowest and highest concentrations exhibited a significant

difference, where P = 0.058 (Fig. 18).
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Fig. 18: A comparison of fore-limb lengths (cm) at 21 days old infant mice between
different treated groups, showing insignificant differences compared to control. The
lowest concentration of AFB; was significantly different from the highest one, where P =

0.058. Data are presented as Mean £ SD.

Statistical analysis of the hind limb length revealed an increase in all AFB; treated group
compared to control. This increase was significant in case of the median concentration of

AFB31, where P =0.031 (Fig.19).
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Fig. 19: A comparison of hind limb lengths (cm) at 21 days old infant mice between

different treated groups, showing increases in all treated groups compared to control. The

median concentration of AFB; was significantly different from control, where P = 0.031.

Data are presented

as Mean = SD.

Statistical analysis of the hind limb parts, thigh

and foot, exhibited insignificant increases in length compared to control in all treated

groups. The shank was the only limb part that showed a significant increase in all AFB;

treated groups compared to control, where P < 0.05 (Fig. 20).
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Fig. 20: A comparison of shank lengths (cm) at 21 days old infant mice between different
treated groups, showing significant increases in all treated groups compared to control. P <

0.05. Data are presented as Mean + SD.

Collectively, feeding female mice on a fodder contaminated with different concentrations
(5, 10 & 20 pg) of AFB; resulted in variable morphometric and morphological alterations
in size, lengths of crown rump, head, ear pinna, limbs and tail of the experimental

offspring compared to control (Fig. 21).

A

Fig. 21: A photograph showing a comparison between infants of control and treated
offspring showing differences in lengths of crown rump, head, ear pinnae, tail, and limbs

at the age of 21 postnatal days.

3.3.4. Aggressive Behavior:
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The aggressive behavior was recorded in this study, where some females of the treated
groups, especially mothers fed on the fodder containing the highest two concentration of
AFB; (10 & 20 ng), behaved aggressively against other females or males in the same
cage. Such kind of fighting resulted in killing a female victim, destroying its skull and
eating the brain (Fig. 19 a). Another sort of aggression was cannibalizing the offspring

(Fig. 19b & ¢).

Fig. 19: Aggressive behavior of female mice treated with AFB;. a) Fighting against
another female resulted in killing it, destroying the skull and eating its brain. b & c)

Cannibalism of the offspring (black arrows).

DISCUSSION



673 Reda A. Ali et al

The current study demonstrated that exposure of pregnant mice to AFB; has a negative
impact on pregnant mothers, birth quality and induced morphological and morphometric
alterations in the offspring. The present results demonstrated that the body weight of
mothers decreased before pregnancy due to AFB; administration. These results confirm
previous studies carried out by Fetaih et al. [18] who demonstrated that AFB; caused
harm in pregnant rats when given at a level of 1 mg/kg body weight. Xu et al. [27]
reported mice liver injury involved mitochondrial dysfunction mediated by mitochondrial
biogenesis inhibition and hepatocyte membrane permeability dysfunction after AFB;
exposure. Tsouloufi [28] reported weight loss and anorexia after AFB; exposure in
rabbits. It is suggested here that liver is the main protein, lipid and carbohydrate
manufacturer and hence, its harm due to AFB; exposure might result in weight loss. In
addition, pregnant mice fed on AFB;-contaminated fodder might suffer anorexia and
fatigue leading to weight loss. The present study is in agreement with and confirms the

earlier studies in this respect.

The present results revealed that the mortality percentage of infants increased while
pregnancy percentage and average embryo number per female decreased in mothers
treated with AFB; compared to control. This coincides with the results of the study
achieved by Khan et al. [29] who stated that in ovo administration of AFB; resulted in
significant mortalities, embryonic malformations and hatchability of chicks with deficient
immune system. Also, Ali et al. [26] recorded decreased percentage of pregnancy,
number of infants per mother and increased mortalities in mice offspring after gastric

administration of AFB;. Such results are similar to what is reported in the current study.
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The current study demonstrated that the body weight of mothers decreased. These results
confirm previous studies done by Fetaih et al. [18] who demonstrated that AFB; caused
harm in pregnant rats when given at a level of 1 mg/kg body weight. The body weights of
mothers showed a considerable reduction and teratogenic changes in the fetuses
representing the impacts and damage. Also, lvanovics et al. [30] found that in
domesticated animals and humans, AFB; contaminated feeds and meals caused a variety
of health concerns, including tumor formation and hepatotoxicity. Exposure to AFs may
result in negative pregnancy outcomes such as baby growth impairment, preterm
delivery, and pregnancy loss [31]. According to Xu et al. [27], AFB; addition reduced
body weight of mice. Wangikar et al. [32] found that the body weight of pregnant Wistar
rats significantly decreased at 1.00 mg/kg dosage. Cases of abortion were observed in
0.50 and 1.00 mg/kg dose groups. One rat each died from treated groups 0.25, 0.50, and
1.00. In the highest (1.00 mg/kg) dose group, the percent implants resorbed was
significantly higher whereas the percent live fetuses significantly decreased as compared
with those in controls. The only dead fetus observed was in the 1.00 mg/kg dose group.
When male rats were treated with 50 ug/kg AFB; for 28 consecutive days, AFB1 reduced

the mean body weight of rats [33].

Also, Smith et al. [9] demonstrated that Aflatoxin exposure during pregnancy may affect
fetal growth and aflatoxin exposure may raise the chance of preterm delivery and
pregnancy loss. The fetus might be harmed by maternal aflatoxin exposure by direct and
indirect toxicity, such as maternal systemic inflammation, reduced placental growth, or

increased placental cytokines. Aflatoxin's cytotoxic and systemic actions may have a role
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in maternal anemia, intrauterine growth restriction, fetal death, premature birth and low

birth weight.

The present findings indicate that prenatal exposure to AFB; induced alterations in
several morphometric parameters of the offspring, suggesting an adverse effect on normal
fetal growth and development. Although crown-rump length was significantly increased
only in the highest-dose group, this increase was accompanied by reductions in several
cranial measurements, including head circumference, head height, and head length. These
findings suggest that AFB; exposure may disrupt the proportional growth of different

body regions rather than causing uniform growth retardation.

The reduction in head circumference observed in all treated groups, particularly in the
low- and high-dose groups, may indicate impaired cranial development and altered brain
growth. Similar observations have been reported in studies demonstrating that AFB1 can
cross the placental barrier and interfere with fetal development through oxidative stress,
DNA damage, and disruption of cellular proliferation. The observed decreases in head
dimensions may therefore reflect the vulnerability of developing neural tissues to AFB;

toxicity.

Interestingly, ear pinna and tail lengths were increased in AFB;-exposed offspring, with
tail length showing a highly significant increase in all treated groups. These findings
suggest that different embryonic tissues may respond differently to AFB; exposure. Such
disproportionate growth could result from disturbances in developmental signaling
pathways regulating skeletal patterning and morphogenesis. The differential sensitivity of

cranial and appendicular structures to toxic insult has been documented in developmental
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toxicology studies and may explain the variations observed among morphometric

parameters.

In contrast, forelimb length showed only minor, non-significant changes, indicating that
limb development was less affected than cranial structures. This variation in
susceptibility may be related to differences in the timing of tissue differentiation and

growth during embryogenesis.

Overall, the morphometric alterations observed in the present study support the notion
that maternal AFB; exposure can adversely affect fetal growth and body proportions. The
absence of a consistent dose-dependent pattern for some parameters may reflect the
complexity of developmental responses to AFB; and suggests the involvement of
multiple mechanisms, including oxidative stress, altered cell proliferation, and impaired
placental function. Further histological and molecular investigations are required to

elucidate the precise pathways underlying these developmental abnormalities.

The hind limb length revealed an increase in all AFB; treated group compared to control.
This increase was significant in case of the median concentration of AFB;, thigh and foot,
exhibited insignificant increases in length compared to control in all treated groups. The
shank was the only limb part that showed a significant increase in all AFB; treated groups
compared to control. The present findings are not consistent with those reported by the
studies of [32, 34] who reported that the mean weights and crown-rump lengths
significantly decreased and the percent gross anomalies significantly increased in fetuses
of rabbits and rats fed diet containing 0.05 to 0.1 and 1.00 mg/kg AFB; respectively

compared to controls.
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Ali et al. [35] demonstrated that AFB; causes developmental abnormalities in the chick
embryos, such as decreased hatchability, increased mortality, and severe congenital
deformities. Weight and all morphometric parameters were significantly lower in treated
groups. Mortality rates in the treated groups increased. Growth retardation, limb
deformities such as limb buds or loss of limbs and poor ossification were all found in

treated chick embryos with doses (5 ng, 10 ng, 20 ng) of AFB;.

The present study is partially consistent with the findings of [32, 34, 35], showing

agreement in certain aspects while differing in others.

Neonatal infant’s weight showed reduction in the treated animals compared to control.
This is consistent with earlier studies, while 21 postnatal day-old infants restored normal
weight compared to control. Acar & Akbulut [36] stated that AFB; is transformed into
AFM; can be detected in mother’s milk 12—24 h after administering contaminated food. It
rapidly fades with time and is undetectable after 3 days of the last administration of
contaminated food. In this aspect, such an explanation might be a reasonable
interpretation for restoring normal weight of 21 postnatal day old infants. It is suggested
here that 21 postnatal day old infants were at normal weight compared to control due to
disappearance of the AFB; or AFM; from the mother milk and hence there was no toxic
effect and normal weight was easily restored. The present study confirms and supports

the statement of [36].

The present study showed increased aggressive agonistic behavior of females towards
conspecifics and cannibalism against their offspring in the 10ug & 20 pg AFB; treated

groups. This is in agreement with a study conducted by Ishola [37], who stated that
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aggressive behavior of resident Wistar rats in resident intruder encounters was
significantly influenced by prolonged time of exposure to aflatoxin. [37, 38] noticed that
the number and duration of aggression attacks increased over time. The neurotoxic effect
of aflatoxin impacted on the emotion regulating center in the hypothalamus and brain
centers that modulate aggression. They suggested that the ability to evaluate the situation
appropriately and react accordingly when confronted with an intruder was deeply

impaired by neuro-cognitive disruptions of the brain bio-chemicals leading to excessive
aggression. Based on the conclusions of Ishola [37] and Stagkourakis [38], it is suggested
here that the agonistic aggressive behavior and cannibalism reported in the present study
Is attributed to the aflatoxin induced neurotoxic damage neuro-cognitive disruptions of
the brain. The observed behavioral changes, including aggression and cannibalism, as
well as the suggested cognitive neurotoxicity, were not the primary focus of the present
study. Rather, these findings were incidental observations recorded during the
experimental period. Therefore, no standardized behavioral or cognitive assessments
were performed to substantiate these effects. These observations may, however, provide a
basis for future investigations specifically designed to evaluate the neurobehavioral

impact of AFB; exposure.

CONCLUSION
Aflatoxin B; has a negative impact on embryonic development, birth quality, reduced
body weight of mothers and offspring, in addition to alterations in morphological

parameters. Also, AFB; triggered agonistic aggressive behavior and cannibalism.
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