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Abstract

Objective: The present study was performed to determine effects of simultaneous exposure of ochratoxin A (OTA) and
aflatoxin B; (AFB,) on post-implantation rat embryos, in presence and absence of hepatic S9 mix.

Materials and Methods: The embryos were explanted from pregnant Wistar rats on day 10 of gestation and cultured for 24
hours, in medium M-199 containing rat serum, OTA (0.004, 0.008 ug/ml culture), AFB; (0.5, 1.0 ug/ml culture) and
combination of OTA+AFB; (0.004+1.0 ug/ml culture).

Results: Both OTA and AFB; interfered with the neural tube development. However, when combined, the effects on the
neural tube were reduced but heart defects were observed. The histopathological observations of the embryos confirmed these
observations and revealed degenerative changes and vacuolation in heart muscle.

Discussion: The results of the present study suggested that when used simultaneously, the effects caused by OTA were
antagonized by AFB,. Histopathological examination of the embryos revealed that the defects in the neural development
were less severe in embryos exposed to both agents together. The defects in heart muscle were seen when the two mycotox-
ins were used together but not when used alone.
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Ozet

Okratoksin A ve Aflatoksin By’in Implantasyon Sonrast Sican Embriyo Kiiltiiriinde Tek
veya Kombine Teratojenik Etkileri

Amag: Bu galigma, hepatik S9 miks varligi ve yoklugunda, okratoksin A (OTA) ve aflatoksin B;’e (AFB;) implantasyon son-
rast sigan embriyo kiiltiiriiniin eszamanli maruziyeti durumundaki etkilerini belirlemek amaciyla planlanmustir.

Materyal ve Metot: Embriyolar, gebe Wistar siganlarindan gebeliklerinin 10. giiniinde elde edilmislerdir. Embriyolar 24 saat
siireyle sican serumu, OTA (0.004, 0.008 ug/ml kiiltiir), AFB; (0.5, 1.0 pg/ml kiiltir) ve kombine OTA+AFB;
(0.004+1.0 pg/ml kiiltiir) iceren M-199 medyumunda kiiltiire edilmiglerdir.

Sonuglar: Hem OTA, hem de AFB; noral tiibiin gelisimini bozmugtur; bununla beraber kombine kullanimlarinda néral tiip
tizerindeki etkiler azalmis ancak kalp defektleri gézlenmistir. Embriyolarn histopatolojik incelemelerinde bu gozlemler
dogrulanmus, kalp kasinda dejeneratif degisiklikler yaninda vakuolizasyon izlenmistir.

Tartisma: Bu ¢alismanin bulgulari, kombine maruziyet durumunda OTA’nin etkilerinin AFB; tarafindan antagonize edildi-
gini distindiirmektedir. Embriyolarn histopatolojik incelemeleri noral tiipteki defektlerin kombine maruziyet grubunda
daha az oldugunu gostermistir. Kalp gelisiminde olumsuz etkiler, bu miyotoksinlerin kombine kullanildig: kiiltiirlerde ortaya
¢ikmus, ancak tek baglarina kullanimlart durumunda olumsuz bir etkiye sebep olmamuglardir.

Anahtar sozciikler: aflatoksin Bq, kombinasyon, okratoksin A, sigan embriyosu, teratojenisite
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Introduction

Ochratoxin A (OTA) and aflatoxin B; (AFB,;) are environ-
mentally important food borne mycotoxins produced by
various species of Aspergillus and Penicillium fungi (1).
OTA is nephrotoxic and more importantly, it is implicated as
a causal factor of Balkan Endemic Nephropathy (BEN) in
humans (2). AFB; ingestion is associated with hepatotoxicity
and is correlated with high incidence of liver cancers in
humans (3). Furthermore, strong evidence indicates that
transplacental transfer of AFB; in humans may increase the
risk of childhood cancer (4,5). WHO-IARC (1993) designated
AFB; as Group-1 and OTA as Group-2B carcinogen (6,7).

The alarming feature of mycotoxins is their occurrence in
combination in foods and feeds to exert a greater degree of
damage to health and productivity of human and animals
(8,9). There is considerable evidence of ochratoxin and afla-
toxin exposure in human indicating that exposure is frequent
(often >90% of some populations) and at high levels (>200
pg/mg level). The analysis of cord blood samples from
pregnant women, human blood, colostrums and milk also
revealed the fetal exposure of AFB,; (10,11), OTA (12,13)
and combination of OTA and AFB, (14).

OTA has also been reported to be teratogenic in rats (15,16),
mice (17), hamsters (18), chick embryos (19) and quail (20)
and rabbit (21). Similarly, AFB, has also been reported to be
teratogenic in rats (22,23), and rabbits (24).

Mammalian whole embryo culture system is an in vitro test
system used for screening and detection of potentially terato-
genic compounds. The use of this method has a major advan-
tage as it can measure the direct effects of a chemical (minus
maternal influence) on inhibition of growth and interference
with cell differentiation. Furthermore, effects of adding
exogenous biotransforming system (hepatic S9) on a com-
pound’s developmental toxicity could be closely monitored
under in vitro conditions. Thus, extra-corporeally maintained
post-implantation rat embryos can be used to find out whet-
her the compound requires biotransformation or have direct
effects on cell differentiation and growth inhibition.

There are very few reports on the use of whole embryo cul-
ture method to detect developmental toxicity of OTA (25,26)
and AFB, (27). Furthermore, literature scanned showed no
report on combined effects of OTA and AFB,; on rat embryos
in vitro. Mechanism of teratogenesis caused by OTA and
AFB, have not been clearly understood and may involve
direct and/or indirect effects (18,16).

In our previous in vivo studies with rats (23) and rabbits (28),
it has been observed that, when used in combination, OTA
and AFB, have antagonistic interaction. It was of interest to
see whether post-implantation rat embryos cultured in vitro,
when exposed to OTA and AFB,; in combination would
demonstrate the same effects observed in vivo, and whether
the metabolic biotransformation plays any role in dysmor-
phogenic action of these two mycotoxins when used together.
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Materials and Methods

All the experimental procedures were conducted with prior
permission of Institutional Ethical Committee and Committee
for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA). Due to CPCSEA rule of utilizing
bare minimum number of experimental animals, the number
of embryos used per group was restricted to 10-12 only. The
characterization and concentrations of major metabolites
produced from OTA and AFB; in culture medium in presence
of S9 mix was not studied, due to unavailability of sufficient
facilities.

Chemicals

OTA and AFB; were procured by Sigma Chemical Ltd.,
USA. Penicillin G, streptomycin sulphate and medium
M-199 were obtained from Gibco-BRL, USA. The reagents,
as diphenylamine and orcinol were obtained from Central
Drug House and Thomas Baker (Chemicals) Limited India,
respectively.

Collection of rat serum

Blood was collected from male rats and immediately centri-
fuged at 1500 rpm for 3 minutes, then allowed to clot at room
temperature followed by centrifugation at 2500 rpm for 10
minutes. Serum was heat inactivated at 56°C and stored at
—20°C until used.

Experimental animals

Sexually mature (175-200 g), virgin, female Wistar rats
were obtained from the Laboratory Animal Resourse (LAR) Di-
vision of the Institute. Following an acclimatization period of
one week, females were mated with mature males of the
same strain. The day on which vaginal plug was found or
sperms observed in vaginal smear was designated as day zero of
pregnancy. Experimental animal room temperature and relative
humidity were set at 21£2°C and 50+£10%, respectively and
light cycle contained 12 hours lights and 12 hours darkness.

Preparation of S9 fraction (liver homogenate)

The liver homogenate (S9 mix) was prepared by the
procedure described by Garner et al. (29). A young adult rat
(150 g) was administered with 0.1% phenobarbital in the
drinking water for 7 days. On the seventh day, the rat was
sacrificed, liver (6.819 g) was excised and washed with an
equal volume of 0.15M KCl (93 ml/g of wet liver) and then
homogenized. The homogenate was centrifuged till the clear
transparent supernatant was obtained. The supernatant so
collected, was labelled as S9 mix. All the steps were performed
under aseptic conditions at 0-4°C with cold, sterilized solutions
and glassware. The freshly prepared S9 mix was distributed
in 2.0 ml aliquots in small sterile plastic tubes, quickly
frozen and stored at —80°C. The activity in the S9 mix was
verified using Cyclophosphamide and Mytomycin C as posi-
tive controls (results not presented).

Embryo culture procedures
In the whole embryo culture experiment, total of 13 preg-
nant rats were sacrificed on day 10t of gestation by CO,
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anaesthesia. The gravid uterus was removed and placed in
sterile petri-dish containing Hank’s Balance Salt Solution
(HBSS) at 37°C. The embryos were explanted and cultured
as described by New (30), with little modification. The
implantation sites were taken out and under dissecting
microscope the Reichert’s membranes were removed ex-
cept for the portion around the periphery of the developing
placenta. The embryos with intact yolk sac and amnion
were placed in pre-warmed (37°C) M-199 medium (1
ml/embryo) containing rat serum (2 ml/embryo). The
embryos from each pregnant female were apportioned at
random among the six groups, control and different test
groups of ochratoxin A and Aflatoxin B, alone and in com-
bination (Table 1). Antibiotics, penicillin G and strep-
tomycin (100 IU/ml and 10 pug/ml, respectively) were ad-
ded. The stock solutions of OTA and AFB, were prepared
in 0.1% dimethyl sulfoxide (DMSO) so that each 0.002 ml
of the working solutions will contain 0.004 and 0.008 ug
OTA/ml culture and 0.5 and 1.0 pg AFB;/ml culture and
were added to the culture medium before placing the embr-
yos. Control cultures contained 0.002 ml of 0.1% DMSO
and were manipulated in an identical manner as the treated
embryos. Only the embryos having good heartbeat, active
yolk sac and blood circulation and approximately similar
somite numbers were selected for culture. Half of the
embryos in each treatment group were cultured in the pre-
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sence of S9 mix, while the other halves were cultured wit-
hout the S9 mix.

Whole embryo culture assay

At the end of the culture period of 24 hours, the embryos were
examined using stereo zoom microscope in the same sequence
as they were placed in culture. The viability was confirmed by
beating heart and active yolk sac circulation. The embryonic
growth measurements such as yolk sac diameter, crown to
rump length and somite numbers in each embryo and embryo
weight were determined. Subsequently, the embryos were ins-
pected for external structural defects. Following these observa-
tions, the embryos were washed 2-3 times in normal saline and
6 embryos from each group were homogenized in a test tube
under ice-cold conditions. The total embryonic proteins were
estimated by methods of Lowry et al. (31) and DNA and RNA
contents by method of Schmid et al. (32) in the same samples.

Histopathological evaluation

For the histological examination, the embryos showing the
gross abnormalities from treatment group or otherwise control
embryos were fixed in Bouin’s fluid, processed and embedded
in paraffin. There were three embryos per treatment and
control groups both in absence and presence of S9 mix. The
horizontal serial sections (3-4 um) of embryos were cut and
stained with hematoxylin and eosin and observed under light
microscope.

Table 1. Effects of OTA, AFB; and OTA+AFB, on growth parameters, macromolecular content and percent malformations of post-implanted
embryos cultured in absence and precence of the S9 mix

defects (%)

Groups/Parameters Control Ochratoxin A Ochratoxin A Aflatoxin B, Aflatoxin B, OTA+AFB,
Doses (ug/ml culture) (0) (OTA) (0.004) (OTA) (0.008) (AFB,) (0.5) (AFB,) (1.0) (0.004+1.0)
In presence of S9 Mix
No. of embryo exposed 10 10 10 10 10 12
Yolk Sac diameter (mm) 5.90+0.09 5.68+0.41 5.64+0.41 5.70+0.20 5.69+0.25 5.70+0.38
Crown rump length (mm) 3.87+0.04 3.78+0.14 3.73+0.18* 3.77+0.13 3.76+0.15 3.79+0.14
Embryo weight (g) 0.032+0.0014  0.031+0.0020 0.029+0.0017* 0.030£0.0014  0.030+0.0008*  0.031x0.0011
Somite No. 25.8+0.63 24.9+0.74 24.6+1.07* 25.2+0.98 24.9+1.20 24.7+0.98*
Protein content 344.38+2.00 291.25+2.67" 267.37+£2.70" 301.87+4.06* 293.96+3.23" 294.13+3.17*
DNA content 34.63+0.95 28.12+1.26* 26.90+0.98" 28.5+0.98* 28.04+1.27* 26.38+1.06*
RNA content 25.94+1.15 19.87+0.35* 19.50£0.55" 20.88+2.14* 20.28+1.65" 20.83+1.57*
Morphological 0 30.00 40.002 20.00 30.00 25.00
defects (%)
In absence of S9 Mix
No. of embryo exposed 11 10 10 11 11 10
Yolk Sac diameter (mm) 5.80+0.34 5.70+0.31 5.67+0.31 5.76+0.34 5.72+0.34 5.73+0.40
Crown rump length (mm) 3.84+0.14 3.80£0.12 3.78x0.15 3.83x0.10 3.79+0.13 3.80£0.10
Embryo weight (g) 0.032+£0.0012  0.032+0.0011 0.031+0.0016* 0.031+0.0011 0.030+0.0010*  0.031+0.0013
Somite No. 25.9+0.30 25.3+0.82 24.7+0.82* 25.2+0.75 25.5+0.82 25.6£0.70
Protein content 348.75£3.10 299.26+£1.91% 279.50+£11.25* 339.37£1.97 316.324£5.43" 299.75+3.76*
DNA content 36.25+0.71 29.87+0.78* 28.79+1.21* 32.38+0.67* 32.00+0.21* 30.88+1.05*
RNA content 27.05+0.47 19.50+2.42* 19.08+1.51% 30.88+1. 05 23.54+1.84 21.50+3.63
Morphological 9.09 20.00 30.00 18.18 27.27 20.00

* Significantly different from controls (p<0.05). a Significantly different from controls (p<0.1).
All the values mentioned are mean £SD.
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Statistical analyses

Statistical analysis of growth parameters such as yolk sac
diameter, crown to rump length, somite numbers and embryo
weights and macromolecular contents (i.e. protein, DNA and
RNA) contents were performed by analysis of variance
(ANOVA) followed by Duncun’s test as post hoc test. To
determine the significance of malformation incidence, 2x2
contingency table test was used (33). The statements of
significance were based on a probability level of 0.05.

Results

The effects of OTA and AFB, alone and in combination on
growth parameters, macromolecular content and percent
malformations of post-implanted embryos cultured in
presence and absence of S9 mix have been shown in Table 1.

There was 100% viability of the post-implantation embryos
in all the treatment groups. The embryos from the control
groups (Figure 1) did not show any malformations except
one embryo (9.1%), which revealed stunted growth in the
plain control culture without S9 mix.

Ochratoxin A

In presence of the S9 mix, yolk sac diameters of embryos
exposed to OTA in two different concentrations were com-
parable to that of controls at both OTA concentrations,
although a slight decrease was noticed. Crown to rump
length, embryo weights and somite numbers were signifi-
cantly decreased only at the higher OTA concentration. The
protein, DNA and RNA contents were decreased signifi-
cantly at both concentrations. As compared to controls, the
incidence of malformations was significantly increased at the
higher OTA concentration.

In absence of S9 mix, the yolk sac diameter and crown to
rump length were comparable to those of controls in both
OTA concentrations. Significant decrease in embryo weights
and somite numbers was observed only at the higher OTA
concentration but, significant decrease in the protein, DNA
and RNA contents was observed at both the OTA levels. The

Figure 1. Rat embryo (control); showing normal development.
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incidence of malformations was non-significantly higher in
embryos cultured at 0.008 ug OTA/ml culture (30%) as com-
pared with that of controls (9.09%).

The malformations consisted almost exclusively of defects in
neural tube development, which included open neural tubes,
hypoplasia in the area dorsal to the mandibular arches (Figure
2). Other malformations observed were retarded embryonic
growth, poor flexion, curling of tail and stunted growth in
the limb bud development (Table 2). The malformations
observed in absence and presence of S9 mix were similar
except for hypoplasia in the area dorsal to the mandibular
arches and stunted growth in the limb bud development
which were not seen in embryos in absence of S9 mix.

The histopathological examination of embryos revealed con-
gestion and degenerative changes in the neural tube and at pla-
ces focal areas of hemorrhages. The organization and differen-
tiation of various parts of neural folds were imperfect. As com-
pared with that in the controls, the cephalic flexure was too
much widened and the ventricles appeared dilated, pituitary
gland was hypoplastic, underdeveloped and rarefied. The dege-
neration and haemorrhages in vitreous humour were seen in op-
tic vesicle of the OTA treated embryos. The histopathological
changes were seen at both OTA levels, although the changes
were milder at the lower OTA concentration.

AFB,

In presence of S9 mix, the yolk sac diameter, crown to rump
length and somite numbers of the embryos exposed to AFB;
were decreased non-significantly as compared with those of
the controls. The decrease in the embryo weights was signi-
ficant only at the higher AFB; concentration. The protein,
DNA and RNA contents were significantly decreased but the
incidence of malformations was non-significantly increased
at the both AFB, levels.

In the absence of S9 mix, the yolk sac diameter, crown to
rump length, somite numbers and RNA contents remained

Figure 2. Rat embryo (OTA 0.008 wg/ml culture without S9); showing
neural tube defect and curling of tail.
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Table 2. Individual type of morphological defects observed in embryos exposed to ochratoxin A and aflatoxin B, alone and in combination

Number of embryos

Groups With S9 mix Without S9 mix
Obs Affected Description Obs Affected Description
n % n %
Control 10 0 - 11 1 9.09 Retarded embryonic growth (1)

OA (0.004) 10 3 30.00 Neural tube defect (1)

Retarded embryonic growth (1)

Curling of tail

OA (0.008) 10 4 40.002 Neural tube defect (4)

Hypoplasia of mandibular arches (3)

Poor flexion (4)

Stunted limb bud development (2)

Curling of tail (3)
Neural tube defect (1)
Poor flexion

Curling of tail

AFB, (0.5) 10 2 20.00

Retarded embryonic growth (1)

AFB, (1.0) 10 3 30.00 Neural tube defect (3)

Poor flexion

Retarded embryonic growth (3)

Curling of tail (2)

OTA+AFB,

(0.004+1.0) 12 3 25.00 Neural tube defect (1)
Heart defects (3)
Poor flexion
Curling of tail

Retarded embryonic growth (2)

10 2 20.00 Neural tube defect (1)
Retarded embryonic growth (1)
Curling of tail (1)

10 3 30.00 Neural tube defect (3)
Poor flexion (2)

Curling of tail (2)

11 2 18.18 Poor flexion (1)

Curling of tail (1)

Retarded embryonic growth (1)
11 3 2727 Neural tube defect (2)

Poor flexion (1)

Retarded embryonic growth (3)
Curling of tail (2)

10 2 20.00 Neural tube defect (1)

Heart defects (2)

Poor flexion (1)

Curling of tail (1)

Retarded embryonic growth (1)

a- Significantly different from controls (p<0.1).

unaffected by AFB; at both levels. The embryo weights and
protein contents were significantly decreased only in
embryos cultured with 1.0 ug AFB,/ml culture as compared
with those of controls. However, the DNA contents were
decreased significantly at both the doses. The increase in the
incidence of malformations was non-significant at both
AFB, levels.

The types of malformations observed both in presence and
absence of S9 mix were similar and included neural tube de-
fects, retarded embryonic growth, poor flexion and curling of
tail. However, the incidence was higher in presence of S9
mix than in its absence.

The histological examination of the embryos treated with
AFB; showed degenerative changes in the neural tube epi-
thelium. As compared with that in the controls, the ventric-
les were dilated and all the parts of the neural tube were
hypoplastic and underdeveloped. Exposure to the lower
AFB, concentration caused only mild degenerative changes
of the neural tube.

Combination of OTA and AFB,
When the embryos were exposed to both the mycotoxins
simultaneously, OTA+AFB; (0.004+1.0 ug/ml culture), the

yolk sac diameter, crown to rump length and embryo weights
were comparable with those of controls, both in presence and
absence of S9 mix.

In the presence of S9 mix, there was significant decrease in
the somite numbers, protein, DNA and RNA contents. The
incidence of malformations was non-significantly increased
compared to the controls.

In absence of S9 mix, there was significant decrease in the
protein and DNA contents only. The incidence of malforma-
tion was non-significantly higher compared to the controls.

The malformations observed in presence and absence of S9
mix were developmental defects of the neural tube and the
heart, retarded embryonic growth, poor flexion and curling
of tail in embryos cultured in presence of the S9 mix.

Histopathological examination of the embryos revealed de-
generative changes in the neural tube and the heart muscle.
As compared with that of control embryos (Figure 3), the he-
art of the embryos treated with combination of OTA and
AFB, were enlarged and auricles were dilated (Figure 4),
which resulted in stretching, breaking and loss of muscle fi-
bers and absence of compartments in auricles. Ventricles we-
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Figure 3. Histological section of heart of rat embryo (control); note
the normal development of heart compartments and muscle fibres.

re reduced in size; degenerative changes, vacuolation and lo-
osening were seen in muscle bundles making it less compact,
as compared with those in the controls.

Comparative evaluation of toxicity of OTA and AFB,
alone and in combination

The effects of the combination treatment were different from
those when these mycotoxins were used individually. When
these two mycotoxins were present in combination, the
embryo weights both in absence and presence of the S9 mix
and somite numbers in absence of the S9 mix were less seve-
rely affected than when either of the mycotoxins were used

..a-" A

)

—_— i

Figure 4. Histological section of heart of rat embryo (OA 0.004+AFB;,
1 wg/ml culture with S9); degeneration and vacuolations of the
muscle bundles and dilatation of heart compartments.
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alone. The incidence of the abnormalities was lower than
those seen at the higher level of AFB;. The defects in heart
development were seen only in embryos cultured with both
mycotoxins, in presence and absence of the S9 mix.

Discussion

The whole embryo culture method was utilized in the present
study as it permits monitoring the early organogenesis in vitro
and especially allows the measurement of the direct effect of
chemicals on growth and cell differentiation. Further, effects
of adding exogenous enzymatic biotransformation system
(the S9 mix) on a compound’s developmental toxicity can
also be closely monitored.

The endoplasmic liver activity of the liver-donor animals
was induced with phenobarbital as it has been reported that
pretreatment with phenobarbitone enhances the metabolism
of aflatoxin B, (34) and OTA (35).

The literature scanned showed that no studies on the combi-
ned effects of OTA and AFB; with the whole embryo cultu-
re method, despite the demonstration of the presence of the-
se mycotoxins together in different foods and feeds (8). Yo-
koyama and Akita (26) reported that ochratoxin A treatment
(0.001 ug/ml) caused no effects on heart rate, systemic
blood circulation and crown to rump length of cultured rat
embryos. However, Mayura et al., (25) observed that additi-
on of ochratoxin A at concentrations of 75 ug/ml and above
caused significant decrease in yolk sac diameter, crown to
rump length, somite number and protein and DNA contents
in post-implantation rat embryos. Geissler and Faustman
(27) reported that 10-day old cultured rat embryos when ex-
posed to AFB; (15 uM) alone and in presence of co-factors
and hepatic S9 fractions, developed abnormalities in neural
tube. Joshi and Joshi (36) investigated effects of AFB; on
early embryonic stages of the chick embryos cultured in
vitro and reported that primitive streak stage was found to be
the most susceptible stage to sublethal dose of AFB,
(0.5 ug/ml).

In the pilot study before that reported here, it was observed
that OTA and AFB; at concentrations as low as 0.004 ug/ml
culture (OTA) and 0.5 ug/ml culture (AFB,) were found ef-
fectively toxic (results not shown). Taking into consideration
previous reports and pilot study results, the concentrations of
0.004 and 0.008 wg/ml culture of OTA and 0.5 and 1.0 pg/ml
culture of AFB; were selected for the study presented here.
The dose for combination treatment (OA+AFB,) selected
was 0.004+1.0 ug/ml culture, as these two mycotoxins never
appear in exactly equal quantities in the samples of different
food and feedstuffs screened in this laboratory.

The control cultures did not reveal any adverse effect on the
growing embryos. Significant decreases as observed in the
present study, in protein, DNA and RNA contents and effects
on different developmental parameters in rat embryos after
treatment with OTA (25,26,37) or AFB, (27), as well as with
AFB;, in chicken embryos (36) and mice embryos (38) have
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also been reported earlier by others. These earlier observa-
tions of macromolecular changes and developmental defects
were observed in embryos exposed to either OTA or AFB;,
both in presence and absence of S9 mix.

The present study, however, has provided evidence of direct
as well as indirect actions through metabolites of these toxins
resulting in the developmental defects. The simultaneous ex-
posure to OTA and AFB; resulted in increased incidence of
malformations and decreased growth parameters in presence
than in absence of the S9 mix. When compared with expo-
sures to the individual mycotoxins, it was observed that the
combination treatment had less severe effects than that ca-
used by OTA or AFB; when used alone. The effects of com-
bined mycotoxins were, thus, less than additive, suggesting
sparing effects.

The histological examination of embryos supported these ob-
servations, indicating that the neural tube lesions were less
severe with the mycotoxins combined than with OTA or
AFB;, used alone. However, when used in combination, the-
se mycotoxins severely affected the heart development.

There was no report on the combined teratogenic effect of
OTA and AFB; using post implantation rat embryos, howe-
ver, Small et al. (39) have reported synergistic effect of OTA
and cyclopiazonic acid (CPA) in cultured rat embryos.

Earlier authors, while studying the in vivo teratogenesis in
different laboratory animals have reported that OTA caused
exencephaly, incomplete closure of skull, hypognathia, mic-
romelia, scoliosis, curled tail, skeletal defects involving fu-
sed, bifurcated ribs as well as soft tissue anomalies like the
ectopic or polycystic kidney, renal agenesis, hydrocephaly
and microphthalmia (15,16,21,23). Similarly, the reported in
vivo teratogenic anomalies induced by AFB, in different la-
boratory animals involved exencephaly, gastroschisis, abnor-
mal head along with open eye, incomplete ossification of
skull bones, hydrocephalus, microphthalmia and cardiac
defects such as fusion of auriculo-ventricular valve,
enlargement of auricles and increased ventricular cavity
(17,21,22,24).

When the findings of in vivo studies observed in different labo-
ratory animals were compared with those of the in vitro fin-
dings, the results were matching. Even the findings of combi-
nation usage of mycotoxins in this study are in accordance with
our previous results in rat and rabbit fetuses obtained from the
dams treated with combination of OTA and AFB,; (23,28).
These changes were also confirmed by histopathological fin-
dings. Although, the detailed studies on histopathological chan-
ges of embryos in the in vitro studies are meager, microscopic
lesions such as degenerative changes in the neural tube and the
heart muscle observed in the present study were in accordance
with earlier studies, where marked degeneration of neural tube
epithelium and vacuolization of the tissue layer and significant
sloughing of debris into neural tube lumen were recorded in
embryos treated with AFB; (27) and OTA (25). These results
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are matching with those observed in rat fetuses obtained from
the dams treated with combination of OTA and AFB, (40).

The effects of OTA on the neural tube development were due
to the inhibition of protein synthesis, these observations are
in agreement with report of Monnet-Tschudi et al. (41), who
reported that toxic effects of OTA on brain cells in culture
are due to the inhibition of protein synthesis. The reasons for
the occurrence of antagonistic effects of AFB; over those ca-
used by OTA in embryos might be depend upon their bio-
transformation and formation of DNA adducts. The antago-
nistic effects of the combined mycotoxins on the proteins,
DNA and RNA contents observed in presence of the S9 mix
indicated the biotransformation might have played some ro-
le in the results obtained in the present investigation. Juchau
et al. (42), correlated the prenatal susceptibility to onset of
detectable levels of oxidative enzymes such as CYP3A7. Co-
upled with this, interference with other cellular and molecu-
lar targets (20), as well as induced apoptosis and damage to
plasma membrane (43) might be responsible for the antago-
nistic effects observed in the present study.

The mechanism of action of both these mycotoxins is comp-
lex and neither act by a single mechanism. However, inhibi-
tion of cellular macromolecule synthesis and oxidative stress
are the mechanisms that are shared by both these toxins
(44.,45). It is possible that production of reactive oxygen spe-
cies by these toxins might have led to derailment in the ge-
netic control of development and the coordinated cascade of
events that occur during normal development. Kimmel, et al.
(46) have reported disturbance in the coordinated expression
of developmental genes involved in cell-cell interaction, cell
migration, differentiation, and segmentation which could
possibly be attributed to the effects observed here.

Additional studies to determine the exact mechanism of an-
tagonistic reaction of OTA and AFB, are required. However,
the findings of the present in vitro study further correlated
and substantiated the previous observations of in vivo studies
in rats (23) and rabbits (28) of reduced teratogenic activity of
OTA in presence of AFB;.
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