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Abstract: Objective: The work aimed to see the effect of Aflatoxin B1 (AFB1) on the developing spinal ganglia in
chick embryos. Method: 120 fresh fertile Dokky4 eggs were used for this study. The eggs were divided into 3
groups. The eggs of the 1st group -20 eggs- were used as control .The second group 80 eggs was subdivided into
two subgroups, A and B. Subgroup (A) was injected with half Toxic Dose of TD50 = 0.5 micron aflatoxin B1 (AFB1)
on the 8" day of incubation and the embryos were extracted on 9th day: Subgroup B was injected with aflatoxin
B1 (AFB1) on the 15th thy of incubation and the embryos were extracted on the 16th day. The third group -20 eggs-
were injected with the solvent: 10 of the eggs were injected on the 8th day and were opened on the 9th day of
incubation. The other 10 eggs were injected on the 15th day of incubation and opened on the 16th day of incubation.
The eggs were incubated under standard conditions. Results: Morphological changes in Aflatoxin (AFB1) treated
embryos in size, colour and skin transparency besides limb and peak defects and deformities were present.
Histology of the ganglion of 9 days old control and solvent treated embryos consisted of sheath formed of
lemnoblasts, fibroblasts and little collagen fibres. The supportive tissue consisted of supportive undifferentiated cells
and satellite cells surrounding the ganglioblasts and ganglionic cells. The ganglioblast and cells differed inizes and
stains. They were granular with deeper stain at the periphery. Some degenerated cells and few plasma cells were
seen. Spinal ganglion of 9 days aflatoxin (AFB1) treated embryos showed irregular sheath contents, congestion and
increased vascularity. Ganglionic cells with different size and stains and dividing stages were noted. Free plasma
cells, or in dilated vessels or between ganglionic cells were seen. Degenerated cells increased and cells with
vacuolated cytoplasm were present. Free red blood cellsr RBCs were seen in the (AFB1) treated ganglion. Spinal
ganglion of 16 days control and solvent treated embryo showed increase in the ganglionic size and cellular content
with more development the ganglionic cells were granular differentiated in spite of the few ganglioblasts. They were
pseudo unipolar cells with different size and stain. Satellite cells surrounded the ganglionic cells and the sheath was
well formed and consisted of fibroblasts, collagen and blood vessels. Histological picture of aflatoxin (AFB1)
treated embryos showed swelling enlargement of ganglionic cells with deep stain that increased density at cell
periphery. Congested vessels full of blood cells were seen and free blood cells were observed between ganglionic
cells. Some of the cells had vacuolated cytoplasm. Degenerated cells were present. The results were confirmed using
the image analysis Leica Q 500 M C program .There was significant increase in the mean surface area of the
ganglion cells of 9 days old Aflatoxin (AFBL1) treated embryos (P <0.05). There was highly significant increase in
the mean surface area of the ganglion cells of 16 days old Aflatoxin (AFB1) treated embryos (P<O.OOI).
Conclusion: It was concluded that Aflatoxin (AFB1) was teratogenic and caused changes in the spinal ganglia of the
developing chick embryo. So pregnant women should avoid contaminated food with It. Pilgrims should avoid
contaminated food with AFB1. The authority of pilgrimage should provide well preserved food. The authority of
health .specially in Gynecology and obstetrics department dealing with pregnant mothers should publish
information’s about the harmful effects of eating AFB1toxins contaminated food.to avoid their risks. The research
emphasizes the miraculous (<)_e¥) 157 -cilall oSde o 1a0) true fact in Quran and hadith narrated by the prophet
Mohammed peace upon him that prohibited eating the bad food that contaminated by toxins of AFB1 especially in
season of pilgrimage.
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Abbreviations AFB1 = Aflatoxin B, DME = N-N Dimethyl Forniatuide , TLC = Thin Layer Chromatography

TD =Toxic Dose

1. Introduction

Mycotoxins were secondary products of fungal
metabolism, causing harmful effects on human and
animal health. The literature recoded many epedimic
Major Mycotoxin Outbreaks in Pets in different
counties all over the world and caused death of
people.

These substances were commonly found in food,
especially harvest storage or transport practices were
inadequate. It was estimated The Food and
Agriculture Organization (FAO) estimates that 25%
of the world's food crops were affected by
mycotoxins, of which the most were aflatoxins  [1].
Acute intoxications were less common in humans, the
effects of chronic exposure to mycotoxins had proved
to be related to health disorders [2]. Aflatoxins had
carcinogenic  potential. ~ Aflatoxins (AFs) were
produced mainly by Aspergillus spp. fungi and were
found in several foods, such as corn, peanuts and
cottonseed. Aflatoxins were detected occasionally in
milk, cheese, cottonseed, nuts, almonds, figs, spices,
and a variety of other foods and feeds.

Milk, eggs, and meat products were sometimes
contaminated because of the animal consumption of
aflatoxin-contaminated feed.

However, the commodities with the highest risk
of aflatoxin contamination are corn, peanuts, and

Temperature and humidity provided adequate
conditions for contamination by Aspergillus spp. and
the production of those mycotoxins [3].

Aspergillus produced directly some, whilst
other AFs were the result of the metabolism of those
substances in the liver after intake. The four main
types of aflatoxins found in foods were variants B1,
B2, G1, and G2, with aflatoxin B1 (AFB1) having the
highest carcinogenic potential. Aflatoxin M1 (AFM1)
was a product of aflatoxin B1 metabolism in the
animal organism, and had carcinogenic potential and
was excreted in the milk of animals and humans [4].
AFB1 proved to have mutagenic, genotoxic,
immunogenic, and hepatotoxic effects, and caused
acute liver damage when ingested in large quantities.
It also had a remarkable teratogenic potential. Many
studies were carried out on its effects during the
prenatal life of animals and humans, especially on
fetal development.

Myecotoxin had the ability to cross the placental
barrier and had been identified in human umbilical
cord samples [5,6],

Mechanism of Action of Aflatoxin B1 and
Biotransformation
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AFB1 was absorbed from the intestine and
reached the liver to be metabolized by oxidases.
AFB1 went biotransformation; in the first stage, then
pathways, producing several metabolites, followed by
the conjugation process for excretion . AFB1 might
go through a reversible reduction process in the
cytoplasmic reeducates system of hepatocytes,
forming aflatoxicol (AFL), which could be
transformed into AFB1, becoming a source of its own
storage. Metabolization of AFB1 culminated with the
formation of several metabolites, e.g., aflatoxin P1
(AFP1) and aflatoxin Q1 (AFQ1) [7].

Among the metabolization pathways of AFBL,
the peroxidation process. In that process, AFB1 was
converted into AFB1-8.9-epoxide (AFBO), which
was able to bind to macromolecules, such as those of
DNA, RNA, and proteins, forming adducts
responsible for the toxic potential of the aflatoxins [8].

2. Material and methods

120Doky4 fertilized eggs were used and divided
into3 groups: The first group: 20eggs as control
group. The eggs were opened in the 9" day of
incubation.10eggs were opened in the dayl6th of
incubation. The second group was divided into A&B
groups. Group A consisted of 40 eggs were injected
with aflatoxinB1 (AFB1) in the eighth day 8 of
incubation and opened in the 9th day of incubation.
Group B consisted of 40 eggs were injected with
aflatoxinBlin day 15 of incubation and opened in
the 16th day of incubation. The injection was by the
TD50 in the day 15 of incubation. The third group
consisted of 20 eggs. 10eggs were injected by the
solvent OPYLENE GLYCOL on the day 8 and
opened in the day 9 of incubation. 10eggs were
injected by the solvent OPYLENE GLYCOL on the
day 15 and opened in the day16 of incubation. The
injection was according to Allam et al. (9). The eggs
were incubated under standard condition s of
humidity and temperature37 in electrical incubators.

Dissection of the thoracic region that contained
the spinal ganglia in all the embryo groups: the
control, injected by AFTB1, and the solvent.

The specimens were fixed in formalin 10%for
10days then put in paraffin wax, and then sections
were prepared for histological examination by light
microscope after cutting at 8micron thickness by the
microtome. Suitable stains were used: H&E was for
general histological examination, Masson trichrom
for collagen detection of the capsule, and toluidine
blue foe the Nissle granules in the ganglioblasts [10].

Aflatoxin B1 (AFB1) and solvent Opylene Glycol
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AflatoxinB1 (AFB1) was crystalline from sigma
as shown by Chromatography (TLC) AflatoxinB1
(AFB1) showed ultraviolet Peals at 223,265 &360nm
in methanole as recommended by A.O.A.C. [11]

The solvent used was OPYLENE GLYCO.

Morphometric and statistical study

Determined (P = (0.05 < non-significant. (P
<0.05 = (significant, (P< 01)01) highly significant
statistical study was done using the SPSS program

The mean surface area of the ganglion cells of 9
and 16 days old control and Aflatoxin Bl treated
embryos was measured. The measurements were-
done in five different fields from five different
sections. This was done in twenty different chick
embryos from the control and the treated
groups .The measurements were done by using the
image analysis Leica Q 500 M C program - Students
t test was used to compare the the mean surface area
of the ganglion cells of 9 and 16 days old control and
Aflatoxin Bl treated embryos. P value was
determined (P > 0.05) = non-significant. (P <0.05) =
significant, (P< 01)01) highly significant statistical
study was done wusing the SPSS program

RESULTS:

Morphological results: (Figs.A ,B &C)
Morphological examining of the chick embryos
treated with the toxic dose of aflatoxin (AFB1,
showed changes in the external features and shape
in the chick embryos. There were changes in skin
color and its transpareny.

1. Deformities in the limbs and Peak.

2. There was a general decrease in size

3. Some chick embryos were absorbed and some
of them died.

4. The movement of the chick embryos extracted
from the eggs was very weak when opening the
eggs injected with aflatoxin AFB1

5. It was found that 50% of the embryos that were
injected on the eighth 8th day with aflatoxin B1
and were extracted on the ninth day .had died.

6. 60% of the embryos treated with aflatoxin on
the fifteenth and 15th day AFB land were
extracted on the sixteenth day died,

7. The movement of chik embryos extracted
treated with aflatoxinB1 was sluggish

8. Some morphological changes were observed in
the embryos injected with aflatoxin on the ninth
day (Figs. A & B)

9. The embryos injected with aflatoxinB1 and
treated with the solvent were larger in size than
the control group.

10. The color of the skin of the treated chick
embryos with the solvent changed to white, and
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the skin was transparent in the chick embryos
treated with aflatoxin.AFB1.

11. The beak of AFB1-treated chick embryos was
smaller and more fragile than that of the control
group.

12. The following morphological changes were
observed in AFB1-treated embryos on day 16
(Figure C)

13. The beak was more fragile, incompletely and
shorter compared to the control group.

14. Deformities, ABSENCE OF PART and a

shortage of the lower limbs.
15. The size of the fetuses treated with AFB1 was
larger than the control group

Figs (A.B and C) showing treated embryos with the
toxic dose of aflatoxin (AFB1), showed changes in
the external features and shape in the chick
embryos. There are changes in skin color and its
transparency.

Deformities in the limbs and Peak.
u There is a general decrease in size
Some chick embryos are absorbed and some died

Histological Results
l.a. Spinal ganglia of 9 days control and solvent
treated embryos (Figsl&?2):

Histological examination of parts of TS of part
of Spinal ganglia of the ganglion of 9 days old
control and solvent treated embryos consisted of
capsule formed of sheath formed of lemnoblasts,
fibroblasts and little collagen fibres.The supportive
tissue consisted of supportive undifferentiated cells
and some satellite cells surrounding the ganglioblasts
and ganglionic cells. The ganglioblats tables (1&2)
they were granular with deeper stain at the periphery.
Some degenerated cells and few plasma cells were
seen (Figsl&2).
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Table 1: Showing the mean surface area of the spinal
ganglion cells in both the control and A FB | treated
groups at 9 days chick embryos

Control group AFBL treated group
Mean SD | Mean SD t P Sig
2834 82 [36.42 1144 256 <(105 S

There is a significant increase in the mean surface
area of the spinal ganglion cells in AFB1 treated
group as compared to the control (P<O.05).

Control AFB | treated
Histogram showing the mean surface area of the
spinal ganglion cells in both the control and AFB 1
treated groups at 9 days chick embryos.

Table 2- Showing the mean surface area of the spinal
ganglion cells in both the control and A FB | treated
groups at 16 days chick embryos

Control AFBI treated group

group

:Mean | SD Mean SD t P Sig
101 55.62 | 219.72 | 72.64 | 5.7 | <0.00! [ HS

There is a highly significant increase in the mean
surface area of the spinal ganglion cells of the AFB |
treated group as compared to the control group (P<O.
001)

Control AFB 1 treated

Histogram showing the mean surface area of the
spinal ganglion cells in both the control and AFB 1
treated groups at 16 days chick embryos
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Figl: Photomicrograph of part of TS of a thoracic
vertebra showing two spinal ganglion right and left
of control 9 days old chick embryo in the inter
vertebral space. Toluidine blue x4

2 |

Fig2 : Photomicrograph of part of TS of part of a
spinal ganglion of 9dys old chick embryo showing
PART OF THE HISTOLOGIC tissue the thoracic
spinal ganglia between the vertebra containing
gahglionic (g)and satellite cells (s)Toluidine blue x 40

b. Spinal ganglia of 9 day's aflatoxin AFB | treated
embryos (Figs. 3-5):1

Histological examination of parts of TS of part
of the spinal ganglion of the age of 9days,showed
that the cells were irregularly arranged, the ganglia
was full of dilated blood vessels and plasma cells
between the cells. That was present in toluidine stain
sections (Figs. 3&4) Satellite cells were large.
Ganglionic cells had many vacuoles. Some cells had
granular cytoplasm with peripheral deep cytoplasm
and irregular. Some undifferentiated cells were seen.
There was significant increase in the mean surface
area of the ganglion cells of 9 days old AflatoxinB1
treated embryos (P <0.05) table 1. & Fig. 5
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spinal ganglion of 9dys old chick embryo treated with
the solvent showing the big undifferentiated cells,
Notice the branched cell and the satellite cells. And
the deep peripheral stains of the ganglia, Toluidine
blue %1000

Fig4: Photomicrograph of part of TS of part of a
spinal ganglion of 9dys old chick embryo aflatoxin
AFB | treated showing irregular large ganglionic (G
)cells and satellite cells(s)

Notice the plasma cells and blood vessels, Toluidine
blue =400
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Fig5: Photomicrograph of part of TS of part of a
spinal ganglion of 9dys old chick embryo aflatoxin
treated showing -the large ganglionic cells with deep
stain at the periphery of the cells .Notice the plasma
cells, Toluidine blue x1000

2.a. Spinal ganglia of 16 days control and solvent
treated embryos (Figs. 6-8):

Histological examination of parts of TS of part
of Spinal ganglia showed that the ganglia were
present as collection of ganglionic cells between the
vertebrae, forming the dorsal spinal root (Figs. 6)The
ganglia increase size. The ganglionic cells had
different size, different cellular content with more
development than the previous age were noted. The
ganglionic cells were granular differentiated inspite
of the few ganglioblasts. They were pseudo unipolar
cells with different size and stain. Satellite cells
surrounded the ganglionic cells and the sheath was
well formed and consisted of fibroblasts. (Figs. 6-8)
collagen and blood vessels. Nissle granules were
noted in sections stained by toluidine blue. (Figs.
6)Some degenerated cells were seen.
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Fig 6: Photomicrograph of part of TS of part of a
spinal ganglion of 9dys old chick embryo aflatoxin
AFB1 treated showing cells with different size, shape
and stain affinity. Some cells aggregated. Note that
satellite cells with basophilic stain. Note the
cytoplasme is fuul of vacuoles and deep peripheral
stain. Note the difference between the mature large
cells and the deeply stained small immature cells.
H&E %1000

Fig7 -Photomicrograph of part of TS of part of a
spinal ganglion of 16 days old chick embryo aflatoxin

AFB1 treated showing the content of the
ganglioblasts and the deep stain at the periphery and
the different sized cells Toluidine blue <1000
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TS of part of a
control spinal ganglion of 16 days old chick embryo
showing the different sized and stain ganglioblasts (
)g . and satelite cells (S) . Notice the colagen and
blood vessels. Mason triple stain, x 1000

2-b. Spinal ganglia of 16 days aflatoxin treated
embryos (Figs. 9&10):

Histological picture of aflatoxin treated embryos
showed swelling enlargement of ganglionic cells with
deep stain that increased density at cell periphery.
Congested vessels full of blood cells were seen and
free blood cells were observed between ganglionic
cells. Some of the cells had vacuolated cytoplasm.
Degenerated cells were present. The results were
confirmed using the image analysis Leica Q 500 M C
program. There was highly significant increase in the
mean surface area of the ganglion cells of 16 days old
Aflatoxin B1 treated embryos (P<0.00l).

Fig 9 Photomicrograph of part of TS of part of a
spinal ganglion of 16 days old chick embryo AFB1
treated showing the different sized and stained
ganglionic cells (g)and he satellite cells(S ) .H&E x
1000
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Fig10: Photomicrograph of part of TS of part of a
spinal ganglion of 16 days old chick embryo AFB1
treated showing the different ENLARGED sized
and stained ganglionic cells (g)and he satellite
cells(S)Note the wide spaces between the

ganglioblast.
The satellit dells are irreglarly arranged.
Toluidine blue =x1000

4. Discussion:

Morphological and histological changes in
chick embryos aged 9 and 16 days in the present
work within 24 hours after injection of aflatoxin
AFB1 were observed. Morphological changes were
in small sized injected embryos, resorption and death.
deformities in bones, peak, limbs,as parts of the
limbs had disappeared. Changes in the skin color
were noted. It was found that 50% of the embryos
that were injected on the eighth 8th day with afflation
B1 and were extracted on the ninth day .had died.

%60 -of the embryos treated with aflatoxin on
the fifteenth and 15th day AFB land were extracted
on the sixteenth day died.

The results of the present work agreed with The
Food and Agriculture Organization (FAO) who
estimated that 25% of the world's food crops were
affected by mycotoxins, of which the most notorious
were aflatoxins. Aflatoxin lost to livestock and
poultry producers from aflatoxin-contaminated feeds
included death and the more subtle effects of immune
system suppression, reduced growth rates, and losses
in feed efficiency. Other adverse economic effects of
aflatoxins included lower yields for food and fiber
crops.

In addition, the ability of aflatoxins to cause
cancer and related diseases in humans gave their

39

seemingly unavoidable occurrence in foods and feeds
made the prevention and detoxification of those
mycotoxins one of the most challenging toxicology
issues of present time.

Histological changes included dilation of blood
vessels in the stroma of the spinal ganglia of the
chick embryos treated with aflatoxin AFBL1 at the age
of 9 days. There were free RBCs between the
ganglion tissues of 16-day-old chick embryos.
Aflatoxin AFB1 treatment. Changes in the shape,
size of ganglion cells that filled with vacuoles were
noted and satellite cells were irregularly arranged.
The ganglion cells were swollen and the contents of
the cell were not clear. Also, pigment changes
occurred. There were wide spaces between the cells.

The changes in the ganglionic cells were in the
form of degenerations, gaps between the cells,
vacuoles and swelling in the cytoplasm of the cells.
The resulting changes and degenerative changes in
the ganglionic cytoplasm might result from the
direct effect of aflatoxin AB1 toxin.

The result of je present work agreed with
Hsiesh's observations [12] who noted that the
aflatoxins that the animals ingested turned into highly
reactive components, Aflatoxin B - epoxide, that
could bind to the centers of the nucleus and DNA &
RNA to be adducts.

Covalent bonding between B - epoxide or B -
diol to functioning macromolecules. Functioning
macromolecules caused chemical damage that could
lead to biological manifestations of the effects of B1
and related substances. While some of the B residues
present in the tissues of animals that were eaten,
while the non-toxic part could react of B1 bound to
the microflora of the gut and stomach in and became
toxic as was its free B metabolites.

The increased surface area of ganglion cells in
this work can be considered as a result of the direct
irritant effect of aflatoxin AFBlon the cells. The
changes were more significant in ganglia in 16-day-
old chick embryos treated with aflatoxin AFB1.

This agreed with Battifora [13], who attributed
cell enlargement to the irritant effect.

The results of this research showed that there
was a significant increase in the average surface area
of ganglion cells in chicken embryos at the age of 9
days, and there was a high significant increase in the
average surface area of ganglion cells in chick
embryos at the age of 16 days. The change in
significance could be due to a change in the
sensitivity of the cells during the development and
growth of the chick embryos during age progress.

Hayes et al. [14] stated that the harmful effects
of aflatoxin were due to the metabolization of
aflatoxin AFB1 to aflatoxin 8-9 AFB-epoxide 8&9,
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which was a compound that acts as a mutagen and an
alkylating agent. The toxic effects of aflatoxin on
different cells varied. It could change the sensitivity
of the cells to the toxin changed markedly and
significantly during development, and could be
modified upon treatment with xenobiotics.

Changes in the coagulation mechanism in
aflatoxin-treated chick embryos could be the reason
for the significant increase in red blood cells and
plasma cells, whether free or in the vasculature of the
ganglion.

This agreed with Chaffee et al. [15], who
noticed bleeding in some organs of dogs when they
were given mixed aflatoxin. They suggested that the
effect of liver cells as a result of the toxin had a direct
effect on prothrombin time.

Borbell, et al. [16] suggested that the effect of
aflatoxin on the clotting process was due to the
competition of the Coumarin moiety in it with
vitamin K, which was responsible for the
manufacture of some clotting factors. They added
that aflatoxin inhibits the manufacture of protein, so
it could decrease the concentration of fibrogen in
plasma.

This was similar to the results of Ungar et al.
[17], who recorded that Syrian hamsters treated with
a single dose of intraperitoneal crystal aflatoxin
caused hemorrhage in the lung, liver, adrenal glands,
intestines, and kidneys. Hemorrhages attributed this
to interference in the process of blood clotting.

In this work, an increase in erythrocytes, plasma
cells, and ganglion hematopoiesis was observed in
chicken embryos treated with aflatoxin. This could be
the result of increased vascular permeability due to
the effect of aflatoxin.

This agreed with William et al. [18], who stated
that the stroma was related to the accessory cells and
contained mast cells and a denser network of blood
vessels around the ganglion cells. The capillaries in
rodents did not have fenestrated openings and had
openings in the Primitive mammals. And Williams et,
al., added that the permeability of blood vessels
varied according to different types of organisms, to
reach the formation of the blood —nerve barrier, some
of which depended largely on the functional
complexes between endothelial cells — They added
that the details were not possible in humans.

The presence of very large ganglion cells may
be due to the effect of aflatoxin on the ganglion cells,
as it causes inhibition of cell division, mitosis, and
the cessation of the deoxyribonucleic acid (DNA)
industry.

The results of the present research agreed with
Legator [19], who discovered giant cell formation,
inhibition of mitosis, and a halt to DNA synthesis
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within the first few hours after exposure of a tissue
culture to aflatoxin AFBL1.

It was noted in this work the death and
resorption of embryos treated with aflatoxin AFB1
and the presence of skin color, many limb and peak
deformities. The reason for this could be due to the
mutagenic effect of aflatoxins AFB1 and the
sensitivity of the cells.

The results of the present work agreed with da
Silva et al. [20] reviewed the literature in the past 20
years on the effects of AFBlof prenatal exposure to
Aflatoxin B1. They discussed pathophysiological
mechanisms on embryological and fetal development
in animal species, and humans. They discussed the
effects, already reported in the scientific literature, of
the pathophysiological mechanisms of AFB1 on
embryological and fetal development in mice, rats
and rabbits and human exposed in the prenatal period
and the impacts on health of fetuses and newborns.
Thy collected data from, the ISI Web of Knowledge,
PubMed, Google Scholar, and Scopus databases, and
searched:  “‘Aflatoxin’’, ‘‘prenatal exposure’’,
“‘human’’, and ‘‘teratogenicity’’.

da Silva et al. [20] mentioned that Aflatoxins
were mycotoxins produced as secondary fungal
metabolites. Aflatoxin B1 (AFB1) had genotoxic and
mutagenic potential, and was potent initiator of
carcinogenesis. AFB1 had a teratogenic effect,
resulting in bone malformations, visceral anomalies,
lesions in several organs, and behavioral and
reproductive changes, in addition to low birth weight.
The mutagenic capacity of AFBL1 in prenatal life was
greater than in adults, indicating that when exposure
occurred in the womb, the risk of the development of
neoplasms was higher. Studies on humans indicated
that exposure to  AFB1 mycotoxin during pregnancy
was associated with low birth weight, decreased head
circumference, and DNA hypermethylation. The
actual impacts on humans were still unclear, the
importance of that issue could not be overemphasized
and studies on the matter were essential’

It was concluded that Aflatoxin was teratogenic
and caused changes in the spinal ganglia of the
developing chick embryo. So pregnant women should
avoid contaminated food with it. .
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