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Ochratoxins are a group of myco-
toxins having varied toxicity in animals 
and birds (Theron et al. 1966; Buckley, 
1971; Szczech et al. 1973; Riberlin et al. 
1978; Dwivedi and Eurns, 1984; 
Maryamma and Nair, 1990). There are 
many reports about the teratogenic 
and foeticidal as well as growth retard-
ing effects of Cchratoxins in the 
embryos of mammals (Hood et a1. 
1978; Arora and Frolen, 1981) as well 
as in chicken (Gilani et al. 1978). 
Several species of the genus ~Isper-
gillusard Penicillium have been found 
to produce ochratoxins. Among the 
Ochratoxins, Ochratoxin A (OA) has 
been found to be most toxic. There 
is a possibility that Ochratoxins may 
get localised in the egg thereby 
exerting its pathologic effect in the 
growing embryo. So this study was 
conducted to assess the possibility 
of occurrence of embryopathies in 
chicken •after OA exposure and to 
study the pathological manifestation. 

Materials and Methods 

Pure OA was obtained from Makor 
Chemicals, Israel. OA was diluted in 
propylene glycol at the rate of 
5 ug/ml and 0.1 ml was inoculated 
into the air cell of each embryo. 
Forty numbers of four day incubated 
eggs were used. Another 20 embryo-
nated eggs were inoculated with 
0.1 ml of propylene glycol into the 
air cell. Twenty number of unino-
culated embryonated eggs were kept 

as control. All the embryos were 
candled daily. The dead ones. were 
removed and weighed. After gross 
examination, tissues were collected 
for histopathological examination in 
10% neutral formalin. Paraffin sections 
were scut and stained routinely with 
H & E and Van Giesons methods. 

Results 

The details of mortality of. the 
embryos inoculated with OA and the 
gross lesions encountered are given 
in Table 1. The embryos which sur-
vived were stunted in size and the 
mean weight was 14.6 g which was 
significantly lower than the controls. 

The embryos which were dead 
during the early period after OA 
administration showed imperfect orga-
nogenesis. The differentiation of 
cells was found not complete com-
pared to the embryos of correspond-
ing age. There was marked degenera-
tion and necrosis of cells in the 
various developing structures. Unino-
culated embryos and those inoculated 
with propylene glycol did not reveal 
any significant pathological change. 

Abnormalities were particularly 
marked in the developing bones. 
The long bones as well as the various 
craniofacial bones were found affec-
ted. The epiphyseal region of the 
long bones showed irregular proli-
feration of cartilage cells. The orderly 
transition into bone differentiation 
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and ossification was lacking (Fig.l). 
Necrosis of mesenchymal cells was 
noticed in very early stage, thus 
affecting orderly chondrogenesis. 
There were focal areas of lysis of 
chondrocytes in the long bones. In 
three embryos, it was seen that the 
irregularity of the proliferating car-
tilage of the vertebrae had obliterated 
the neural canal resulting in partial 
compression of spinal cord. The 
spinal cord posterior to this region 
showed neuronal degeneration. In the 
eye the portion of the membrane 
extending from the pupillary border 
to the lens had disappeared during 
the early stages and the portion over 
the lens had fused with the under-
lying capsule of lenticular origin. 
The retina was either found detached 
or there was folding of the ganglionic 
cell layer of neural retina. The 
choroid and sclerotic layers were 
continuous with the ciliary body which 
was showing degenerative changes 
(Fig 2.) but were found slightly 
detached. In many locations the 
transition between the ganglionic and 
inner reticular layers was not very 
evident. Similarly differentiation of 
the inner and outer nuclear layers was 
also not evident. The pigment glial 
cells of the pecten showed moderate 
degree of degenerative changes and 
there was accumulation of oedematous 
fluid between the folds. 

The brain, in all cases, was 
slightly oedematous resulting in 
loosely arranged cells. In one case 
there was accumulation of fluid in the 
lateral ventricles with consequent 
pressure atrophy of brain cells. In 
cases of cranioschisis the brain showed 

numerous foci of liquifacation necrosis 
with only a few intact neuronal cells. 
Presence of glial cells was prominent. 
Some of the neurons of the nerve 
ganglia had undergone degeneration 
but without exhibiting neuronophagia. 
The kidneys showed interstitial 
oedema and degeneration and necrosis 
of tubular epithelial cells. (Fig 3). 
The glomeruli appeared hypercellular 
and in a few cases there was desqua-
mation of both visceral and parietal 
epithelial cells. The extent and degree 
of damage to renal epithelium was 
more in embryos that survived than 
in those that died during develop-
ment. The liver was severelyengorged 
with focal haemorrhages. The hepatic 
cells showed islands of degeneration 
and necrosis. (Fig 4). Many hepatic 
cells were found laden with fat. The 
cardiac muscles showed oedema and 
occasional bundles showed fragmenta-
tion. The endocardial surface had 
irregular button like protrusion of 
cardiac muscles in four embryos that 
survived. There was necrosis and 
degeneration of both epithelial and 
lymphoid components of bursa of 
fabricius. Moderate degree of de-
generation of lymphoid elements were 
seen in the thymus. 

Discussion 

OA is a known inhibitor of mito-
chondria) transport system (Meisher 
and Chan, 1974) and so, many of the 
structural alterations seen in this study 
could very well be correlated with 
this metabolic change. Further, direct 
damage to the membrane systems 
could itself result in a series of 
structural defects. The important 
structural alterations seen in this study 



Ochratoxin A in the chick embryo I65 

Fig. 1 
Bone-21 day old embryo —after OA administration. Many of the mesenchymal 

cells have not fully differentiated into chondroblasts and osteoblasts. H & E x 400. 

Fig. 2 
Portion of eye-15 day old embryo —after OA administration. Degenerative changes in the 

ciliary body and oedema in adjacent areas. F.~ & E x 600, 
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Fig. 3 
Kidney-21 day old embryo-alter OA administration. Extensive necrosis and 

degeneration of tubular epithelium. :' & E x 400 

Fig. 4 
Liver-21 day embryo-after 0.4 administration. Hepatic cells 

showing degeneration and necrosis. H & E x 200 
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Table 1. Mortality pattern anal gross lesions of embryos inoculated. with 
Ochratoxin A (0.5 ug/egg) (Inoculated on 4th day) 

Age of embryo Dead/Live Gross lesions 

5th day 
6th day 
7th day 
9th day 

10th day 
11th day 
13th day 
15th day 

21st day 

4 dead 
2 dead 
2 dead 
4 dead 
2 dead 
2 dead 
4 dead 
2 dead 

8 dead 

10 live 

Mild congestion 
Mild congestion 
Congestion and oedema 
Severe congestion 
Severe congestion 
Severe congestion 
Severe congestion 
Severe congestion 
(Crossed beak (1) 
Herniation of yolk (7) 
Herniation of yolk and 
cranioschisis (1) 
Herniation of yolk (6) 
Curled toe (1) 
Oedema of head and neck (2) 
Crossed beak (1) 
All the embryos {dead and alive) 
were smaller in size compared to 
normal 

Control Two embryos inoculated with propylene glycol died on the 7th and IOth day vrhi]e 
one uninoculated embryo died on the 18th day due to unrelated causes. 

vaere Osteochondrodystrophic chan-
ges, oedema and degeneration of the 
components of the developing brain 
and eye and degenerative and necrotic 
changes, most specifically in the deve-
loping kidney and liver. Potent terato-
genic activity of OA has been demon-
strated in hamsters, rat, mice. Arora 
(1982) elucidated the pathogeneis of 
malformations. The malformation re-
ported by Gilani of al. (19'18) in the 
chicken embryo after OA admini-
stration were microophthalmia, excen-
phaly, everted viscera and reduced 
body size. Degeneration and necrosis 
with improper differentiation of the 

embryonic mesenchymal cells were 
noticed and this might probably be 

related to the inhibition of phos-
phorylation and stopping of mito-
chondrial respiration. Apart from 
frank necrosis during development, 
which could result in morphological 
defects, disturbed differentiation 

could result in imperfect chondro--
genesis, osteogenesis, ossification 

and calcification. The oedema and 
degeneration of the neural compon-
ents along with defective bone for-
mation had caused many teratological 
defects of the head. 
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Summary 

Administration OA to 4 day old 
chick embryos resulted in morbidity 
and mortality. Degeneration and 
necrosis of various organs and 
improper differentiation of embryonal 
mesenchymal cells were noticed. 
Osteochondrodystrophicthanges were 
prominent in the embryos. 
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