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1. ZNTRQDUTrZON

Poultry produetioA is ineroasingly beconing a speola-

lisad and an organiaad industry of great eoonomic iii^>orteuice*

Concomitant with intensification of poultry rearing*

hatcheries have been established for supply and distribution

of chicks. An efficient hatchery managsmsnt is siim qua non

for a successful poultry industry. Very often hatdhability

becomes poor restilting in heavy eeonemtic loss. Various

factors* exogenous and endogenous* are associated with

embryonic mortality and lower hatchability. The identifica

tion of causes becomes very essential to formulate suitable

preventive measures.

ifumerous reports are available on enhryo mortality and

abnormalities in chicken caused by individual agents. The

work of Romanoff and Romanoff (1972) could be considered as

a pioneering attempt to consolidate the available knowledge

on the pathogenesis of embryo atmormalities in poultry.

The avian embryo has an extra uterine existence and

since all its requirements are met with from within, the

incubation period or prenatal period is very sensitive and

highly important for the existence of the dtnreloping chick.

During incubation the embryo is continuously subjected to the

various environmental factors which may facilitate or inter

fere with the normal development or survival of the chick

before or after hatching. Disturbed incubating conditions*



unhygienic handling of egsp end Infectlone peesed on from

the hen can result In enOaarifO raalforraatlons and mortality,

very often eggs beccwie Infected before they are lald» such

as In avlan encejhaloiiyelltlSt lyraphold leukosls, mycoplas-

mosls, fowl typhoid and salmonellosls while other agents

Uke Escherlchla coU. stachvlococcus aureus and Clostrldla

cause shell contamination resulting In erabiryonlc iiK>rtallty

(Gordon and Jordcint 1982) •

The avlan embryo Is considered as an ideal experimental

system since It Is free from maternal dependence and Influences<

Any drug or chemical introduced Into the egg system remains

there throu^iout the developmental period and Is not lost

externally unllla In other animals. Tl» teratologlcal effects.

If any, can be continuously evaluated and the effects of the

etlologlcal agent can be directly observed. The avlan embryo

Is thus very suitable for Investigation Into tlwi role played

by extrinsic envlroiunental factors In the production of

abnormalities. Xt has been reported that raycotoxlns and

other chemical residues get accumulated In the foetus when

the dim Is esgposed to these agents (Arora, 1982) >*and these

cause morbidity and mortality wh«a the embryos develop. Even-

though malformations and mortality of the chicken mabryos have

becui documented (Rolle and Bevelander, 1966| Smith jgl.,

1975) reports on the detailed Investigation on the pathoge-

nesls of the various teratologlcal defects are not available.

Similarly^ knowledge on the subcellular chants due to tl»



dix«ct effect of aufcotoacine In the developing mSseyo la

lacking. Information m the specific changes and the mecha
nism of producUon of lesions vould give some IndlcaUon to

IdenUfy etlologlcal factors. This vould help to formulate
measures to correct hataiery cosidlUons and possibly to

eUralnate factors vhlch cause disturbance of the growth and

mortality of the embryo.

The objectives of this Investigation In chicken entoryo

are to study

1) the occurrwice of mortality In hatCl»rles»

li> the pathoanatomlcal features of erabryopathles, and

111> the cellular and sxibeellular Changes after experi

mental Inoculation of agents suspected to produce

pathological changes.





2. Rsvzxir or mEstkTWx

Ttm avian mtacyo, has long boon a moat popxilar cnqpori-

mmrital matarlal. In the nineteenth ottatury scientists were

mainly interested with the esq^ieriiaental teratogenesis o£

the aeian onbryo. The eggs were subjected to such varied

treatments as temperature* atmospheric pressure* poisonous

gases and vapours* mechanical shocks* electricity and magne-

liSffl* On the whole these differmt treatments tmrnmA to

produGHS similar types of alastormalities* Towards the beginning

of twentieth century attention of the iforkers was turned

to tlwi mode of ocKsurrencHi of structural anomalies and their

specificity with individual teratogwyc agents* Sufficient

proof began t:o acenmiulate to show the chick emb^fo as the

most suitable ea^riraental material staong vertebrates for

the preliminary quantitative evaluati<»t of the teratogenic

and other dtetrimental effects of various harmful agents in

the prenatal developamt (itomanoff and Romanoff* 1972)*

Nalfozmaticas

SpKitaneouB malformatione are those abnormalities which

occur without ai^ eagperiroental intervention. They have been

olMMnrved by Mveral investigators in a large number of eggs

with dead embryos (Byerly, 1930 i Blackwood* 1960| Clement

e^^.* 19d9| Romanoff and Romanoff* 1972). Markaryan (1978)

studied the type and frequency of malformations in chick

mOaxyoB, The mal£onnati<ms of foot and legs were the most



coRinon, than head abnomaUUea like acranla, single defects,

double defects and triple or bioim defects eere also encoun

tered. Yoehlda e& aa,. (IWl) classified about 28 types of

teratologlcal deformity Including deformities of beak, brain

and eye and umbilical hemla.

Dearflea

Spontanemis oocurretKje of dwarf cBibryoa might be due

to general alteration of phyaiological functions or to thyroid

abnormalities or nutritional deficiencies or hereditary or

non-hereditary or lethal mutation (Aantundson, 1945) •

Embryonic malposltlcms

under ordinary ewadltlcttia v^loua forms of malpositions

hare been reported with ccmslstent frequency. It was shown

that tl« most frequent malposition was the embryo josltloned

upside down with the head at the small end of the egg. The

least frequent was the head of the embryo at the blunt ©wl

of the egg turned to the right and with the beak over the

right wing (Byerly, 1930 ). frequwicy of malposition

was zelated to the total mortality. Ihe fallttre of ̂ nibryos

to attain normal position for hatching ml^t account for the

peak of mortality at the last period (Romanoff and Romanoff,

1972). Jain and Oangwar (1973) reported ahtiormal position

of wings and legs In dead In shell eggs.

Genetic mutations

It was reported that a large number of ccuigenltal

malformations In birds were caused by genetic factors. Tim



Mibryonio raortaiity was tmoA to Ineraaao »lgiii£leaiitly by

Inbreeding. The ineideaoe of aJSoonaalltlee observed by Ooff

and Tuialln (1950) la IS Says laoebated emlMEyos was found to

be hl^r In Inland hens. Many reports have appeared des

cribing the deleterious ooasegiiences of Inbreeding <Slttraann

Si 1966}, susceptlbiUty to all the natural teratogens
like alteration In the atmospheric temperature» nutrltl®:*al

deficiencies, susceptlbiUty to chemicals, pathogenic ralcro-

organlnns etc. was found to be Increased due to imareedlng

(Davis Si iJL* 19381 Purchase ej. 1966). Spontaneous

mutations were also reported to be due to chromosomal aberra

tion (Donner sk Sk' 1969). Embryos with anoi^thalmla,

brachygnathla superla and hemla umbilicus and retarded growth

were found to be carriers of trlploldy with zzz sex chromosome.

Xiethals

Creeper, a genetic abnormality, which Is a horaoay^^us

mutant was extensively stwUed by I«andauer (1939) • It was

reported that the euhryo weighed only one quarter of the

normal at the 18th day of Incubation and that the length of

the long bones was about one quarter of the normal «ribryos

of tlMi corresponding age. It has also been reported that

many hereditary abnormalities manifested themselves by dege

nerative changes which appeared sonwwhat daaracterlstlc for

eadi lethal ̂ ne Involved.

Tcm^rature during Incubation Is an Isqportent factor In

tl» avlan mabryonlc development. Deviation from the qptlamm



tcnperatuiTtt tow«»la hiifime &e Immae Xmwmlmt greatly affaotad

tba rata of growth* livabillty of tha antbryo and tha raanifaa^

tatlon of some malformatloa of tha whole body of tha aoibryo

or Its individual organ. At aactrawa levels retardation of

growth ooeurrad* similar affaets wara saan with tha aggs of

phaaaants, quail* turhays and duoles. ihibryo mortality and

malformationa ware also foomd to be caused by te9iq)arature

alterations* Beyond certain limits of high and low tmspara*

tura, none of tha embryos survived (Boiiianoff and Romanoff*

1972). Similarly an increased atmospheric pressure* high and

low hisnidity* aaqposure to gases like carbon dioad.de* also

produced malformations and erabrironic mortality. Dobrowolskia

e^ (1978) reported that low anvlrcuimental tenq^ratura and

humidity together with an increased conoantratlon of amnonia

lad to a higher mortality rata in tha avian embryo.

Ionizing radiation

It was observed that X-rays acted directly* destroying

the calls and the embryo itself and that th» mortality due

to X-radiation was concentrated at certain fixed timings.

Boses ranging from 22000 to 3S000 R produced death in about

one hour of esgposure while ̂  to 950 R produced

mortality on the 6th d^. The sxurvivors showed rmnarkable

recovery but none of thara hatched out and all of tham were

found to be dead on the twenty-third day. The most sensitive

period of the embryos to x-rays was occurred cm the ei^^ith
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to nlnoth day and tiim eMoct Moot ®«a»±tlir« porlod waa on th«

sixteoitth day. Variona raalfosmatlona wara alao reported due

to the direct and Indlreet effeeta o£ 3&»lrradiatlcm (l^raaiioff

and Romanoff» 1972) •

Nutrltlenal deficiency

Vltaiolna and iiilnerala %»ere found to be apeclflcally

related to tiie embryonic dovel<^>ment. lmbry<mle mortality

and malfosmationa occurred %ihen Vitamin D deflcl«at diets were

fed to hens (Bethloe gs, gl,. 1936>. Reports have appeared

Indicating that rlboflavln (Romanoff and Bauemfelnd, 1942)•

blotln (Couch ej^ li.. 1948). foUc add (Kamofslcy gJL* 1^49)

and pantothenlc add (Beer gk produced malforaatlons

and mortality when defldent In the diet of the )um« The

admldatratlon of vitamin k In excess was found to be equally

harmful to the growing wabryos (Fell and Mellanby* 1953).

Vitamin E defldent diet In turbeys produced smaller embryos

and produced malformations llbe cloudy-lens, oedematous areas

on the neck and feet and haen^rrhaglc vitreous h\snor (Ferguson

et al. 1954). BEabryos from hens fed with vitamin B^^

dent diet were smaller than the normal. Halformatlcms like

decrease In slae of the embryo, oedona and haemorrhages, local

areas of niKrcosls In the liver, brain and spinal cord and a

marked increase in the parenchymatous tissue were also noticed

In embryos from hens fed a vitamin Bj^j defldent diet. The



thyroid gland in tha vitanin <te£i-cient eBa>ryoa appearad

more vaaoular than thoaa o£ tha controls and appaarad to ha

hypo£xmotionaI (fargmnm al. 195S)« Vitamin A dteSiciant

diat producad mtbryo mortality and malfonnationa (Fall, I960}*

Tha hi^iMat parcantaga 9i anibry<mie mortality dtiring tl^

first ifaah of inonbatiim ama raeordad in groups dafioimat in

riboflavin, biotin, pantothanic acid and vitamin B^^^ and tha

lowast with folic acid dafiioianey (Farguson 1961).

According to ftomanoff and Bomanoff (1972) ̂ ficiwicias of

organic and inorganic cosqpounds in the agg sariously dis

turbed mmbryonie davalopment and lad to various structtiral

malformations and inrmnatura death of embryos. Sunda

(1978) reported the assmtiality of vitamin D matabolitas

for ombxryonic development of chicle*

Minerals libs Manganese (Lyons and Insbo, 1937| Casbsy

at al. 1939), iodine (Roglar 1961) and sine (Blambarg

S!s,Sk' 19601 Kianholz §^m 1961} producad embryonic morta

lity and malformatim libe microphthalmia, coelosomia, abnor

malities of baab and external head structures and axtrooa

oedema whan they ware deficient in the diat of hen*

Chemiieals

Reports have appeared describing various malformations
\

and ambry^c mortality by inorganic compounds libe sodium

molybdat^, lithium and thaullium salts and boric
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(L®ndau«r, 1954)• (1943) xmeosM ir«flo*w

•bnormlltle# In ciilek iHiasyon itoUowiiig »a«lnlBtraUon o£

thaUdORiide and Inanlnbld Qenqprada like girotsnd glaas,

colloidal alumina, clay and Sand ai^ carlson ouapenalon and

colloidal silica, Klrano and Koct»n (1973) eaqperlmantaUy

administered lead salts to tlie ailok eid»x^ and reported

nexnrotoxlc effects,

Sukra (1974) sttadled the effect of selenium and

mercury on gross morpbology and hlstopatNology of dtilcX

esdaryos and found that they produced lesions In the lly<KP

and kidney, Pltssl^^ and Phalaraksh (1978) Injected fresh

fertile eggs with various levels of selenium and reported

that the wet wel^it of the anihiryos %fas decreased and there

was eniwycmlc mortality, Shamshad nJ., (190)) evaluated

the taratogwnlc potential of nickel chloride to developing

c^ck emhryos, The malformations reported were eaeencephaly,

everted viscera, short and twisted neck and Uii^, micro*

phthalmla, haemorrhage and reduced body slse. The toxlclty

was fcmnd to be highest In groups Inoculated on t3am 2nd day

of Incubatlmi,

Sulpha drugs and antibiotics

Sulpha drugs used as an antibacterial agent was found

to produce mortality and malformations when administered Into

the embryo (Zwllllng and Oe Bell, 1950),
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Reports on Wem toacie oiioets o£ various antibiotioa

to esalMryonated chielosn 4^s havs givon diffsmit results

(Gantry, 1958>. Ths iaeidanea o£ andsryonic raaliozmations

and mortality daeraasad with inoraasa in tha aga o£ tha

ambryo at tha tiass o£ iajaetion. Tha a££act o£ tatracyolinas

on growth was maniiastad by an ovarall dacraasa in sisa,

partieularly marhsd in tha limbs ̂ lariMStarisad by inhibition

o£ ninaralisation and arosion o£ tha long-bona oartilaga

(Rolla and Bavalandar, 1966).

ZnsactieidUis

DunacAkia and flatchar (1969) studied tha toacic a££act8

o£ twanty->£iva insacticidas at various concentrations for

their toxicity to chicken embryos and recorded malfoxiaations

and mortality. Tha malformations an^ountarad ware oartila-

gotious and osseous skeletal dwarfism, microroalia, actrosyn-

dactyly, and irregular beak growth. Paul and Vadlaimadi (1976)

studied tha taratogGBiic affect of rwiitrothion on chick

embryos. • Taratoganic affects of methyl parathion were tasted

in pheasant embryos. Tha pathological alterations encountered

ware hypqplasia or atroidiy of tha cervical musculature

accompanied by lordosis and scoliosis of tha cervical spine

(Vamagy 1984).

Solvents and diluents

Various dilucsits and solvents were c^meonly used in

aaqpariments for diluting tha Chmoical teratogans. Among tha
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inorganic aoXvonts* the MMt ecBmonly uaod aro diatiliod

watar and sodiian ̂ iloaridto and othor physiological prepara

tions. such as Ringor^s selittion. Organic solvonts lAiich

have been used as solvents and tested for toxicity and tera-

togenic effects vere mineral oils, sesame oils and com oils

(Romanoff aiul Romanoff. 1972).

Naber and Smathers (1975) described the pattern of

toxicity and teratogmriicity in the cdiick sonbryo resulting

from administration of certain nutrients and food additives.

Mycotoxins

Hycotoxins have long been known as the major cause of

feed toxicosis in poultry and livestock and am now being

recognised to constitute a serious environmental hasard to

hianan health as vreXl (Wilson and Hay#9. 1973). Many of these

toxins apart from their dtailciterious effects in the adults

wem found to interfem with the growth and development during

Mdmryonic life. The deviaticm of eedxcyogmesis was manifested

by one or mom characteristics stush as late foetal death,

complete msorpticsi of the implant, growth inhibition and

structural abi^rmalities or functional defects of the off-

spring (Axora. 1982).

Injection of about 0.05 mg of aflatoxin into the air

cell of the fmsh egg resulted in reduction in size of the

embryo at hatching to almost half of the control (Shibko

Si* 1988). The mtardaticm in growth began <xi the twelfth
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day o£ dovalopnaat# UMia vaa a dacraaao in waiglit o£ the

Uver Whiai %faa paraXM to the deereaae in the iioight o£

the body. Steith s| iim} eondocted a coB5>a3^otive

histopathological etody e£ tlmmmm w^oamd to Aflatoxin

and palmot<»cin and vad found that Afiatoxin and

palraotoxin B^ were >£ aiiiilar toaeieity to the developing

ehiok msdaaeyo and revealed leai<ma in the heart, liver, ake-

letal nuselea# brain and cartilage at varying severity and

0^ was relatively nontoxic. Ogbadu and haaair (1979) coro-

pared the toxicity of ganea*irradiated and non^irradiated

£raoti<xia of Aflatoxina on c^ok aeilxryoa and found that

toxicity decreaaed with increaaed doae o£ inradiaticxi.

There were mai^ reporta about the teratogenic and

foeticidal aa well aa growth retarding effect of Ochratoxin A

in the eiabcyo of mouae (Kesroa i974ai liood 1978t

Arora and Prolen. 1981| Arora ^et (Still e^

1971i More and Gaitier. 1974i Brown ej^ 1976) and haraater

(HOod 3^ 1976) • ochratoxin A waa found to be an inhihit<»r

of laitochmidrial tranaport ayateiM (Meianer and Chan. 1974).

Gilani alSs, Sik» (1978) reported the terato^Khiioity of

ochratoxin A in chick einbryos. The laalformaticma reported

were short and twisted lieba and necks. laiczrophthaliRia.

exencephaly. everted viscera and reduexd body size* The

cardiac anomalies observed were ventricular aeptal defects,

aortic atenoaia. thin ventricular walla, atrial aeptal defects

and raalfonnationa of valves. Bums and Dwivedi (1984) studied
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•£f«ct o£ odbMmO.n h in quail and raporfead

taratoganie affaofea* BiAaadtt gfe al* raportad tha
ultraafeTuctural cbnagaa in liw and kidnay in ochratooci-

eoaia A in young iMFoiUr <dsic1ca aa an Incraaaa in llvar

glyoogan and abnomnally ahiqiad oitochondiria. Mayura fii

(1984) atudtad tha affaot of aianatanaoua pranatal aaqtoaura

to odhratoaan A and cltrinin in tha rat foatua and raportad

that tha coidalnad affact raaultad in an inoraaaa in tha groaa

malforraationa, viaoaral atononaalitiaa and akelatal dafacsta.

Brown (1984) raportad tha indiiriduai and coidainad

affact of citrinin and ocdufntonin A im ranal ultraatructujca

in layar chicka# Maxwall dik* (1887) raportad tha ultra-

structural dhangaa of Uaar and kidnaya of quail in ocduratoxi-

coaia, Tha changaa in tha kidnaya aara limitadto tha proadaal

convolutad tubulaa and gleaiaruU. In tha proximal convolutad

tubttlaa ahnormal mitochondria and axeaaaiva nurtbara of Upid

droplata wara tha principal findinga.

vaaaly gSi Sl' (1982, 1985) taatad tha taratoganie affact

of ninataan myeotixina on chickan antoryoa and that of cyclo-

piazonie acid, Ivanoaky (1985) ohaarvOd various taratological

ahnozmalitiaa in chick ambryoa ndian atarigraatocyatiaa was

adtainiataoad. Kurroanov and Kostyunina (1985) found that tha

50 of zaaralan<Mae for cdiick andnryoa was 109/^lg/egg.

Karavaav (1986) inoculatad T«*2 raycotoicin in chick «id>ryoa

and found that tha W 50 was 74 micrograma.
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Many InfeeUoa® Uto visu8«s« bacteria and fungi

were found to produee develoiwieatal anomallee and eobry^mlo

mortality. The more spe^fle effects of these patho^s

took place during a definite stage of anbryaalc development.

Rcamanoff and Romanoff (l»7a> reported that the dhlcken srtbtyo

was most susceptible at the age of 10 to IS days.

The effect of Infectious bronchitis virus on the avlan

endaryo was studied and found to produce dwarfing, stunting,

curling and death of the embryos (BeatsSette and Hudson. 1937|

Delaplane and Stuart, 1939i 19411 Falaflcant. 19491 Ijoomls

gs- 1950). Development of heart and lung was decreased

and the spleen was enlarged than the normal In these embryos.

sliig»son (1958) found the Incubatlwi temperature to markedly

alter the virus growth, virulence and populatlon stability

In embryonated eggs. The microscopic lesions In the embryos

were perlvascular cuffing In the liver, extensive necrosis

and congestion of the kidneys and omSmm of amnlon and

chorloallantolc iRerabrane. Following Inoculation of laryngo-

tracheltls virus to embryonatlng Chlc^n e^s throu^ the

chorloallantolc mafflnbrane, maall areas of grey thlekaoilng were

visible on the mmibrane by the third day. The lesions b«Ksaroe

larger upto the fifth or sixth day tdien the embryo usually

died (Bumet, 1934i Braiully, 1935). The cmibryos tiiat lived

to the sixth day were stunted. Mlcrosc^loally the RMnabrane

had areas of cellular proliferation and oedema. Intranuclear
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inclusion bodies ^aWBfWd In grot^ of ectoderfflsl
epithelial cells betueen the fUret and third days. As the
lesicm progressed, the epltheUum undereent necrosis, lleiicasUe
Disease virus Infection of the ertbryonated eggs by chorlo-
allantolc raewbrane route resulted In minute fine gray foci
In the eatposed portion of the me^ane. distinct petechlae
on the skin, cranial haemorrhage and congestion of yolk sac
(Jungherr sk Si- Blattner and Williamson, 19S1). Avian
encephalomye 11tla virus was inoculated In the embryonated
chicken eggs by the allantolc and yolk sac routes and the
lesions observed were decreased moverawit and retardation of

growth (Jun^^rr ai* 195®* Suraner ej| 1957ai 1957bi
Calneck and Jehnlch, 1959ai MgjSre and Flowers, 1959| Taylor and

Schelllng, 1960). The hlstopathologlcal lesions In the embryo

were encephaloraalacla and muscular dystrophy. The neural

lesions were local ood«aa, gHosls, vascular prollferatliwi

and pyknosls. The muscular changes consisted of eoslnophlUc
swelling and necrosis, fragmentation and loss of strlatloas of

the affected fibers with rare sarcolemnal proliferation and

heterophll Infiltration (Jun^^ierr ai# 1956). when infec

tious sinusitis virus was Inoculated by yolk sac route, the

ffiobryos died 4-10 days p©st-lhoculatl<m showing oedema and

haemorrhage. The liver, kidney, sple®(i %*ere enlarged and

there were necrotic foci {l^cee et aJL* 1955) • when duck virus

hepatitis virus was inoculated Into 9 day old chicken embryo

It was found that thi embryos were stunted and oedmaatous
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and th«ire waa hapatid naeroais (»rang* 1965i Levin«« 1967).

Vixoaaa like Dlatimipar* Hdrpda alnplax. VaeaJUila. ZnfXiianaa A

(Haath aj^ 19S6> and Nanpa virua (williaiaaon 1956*

1957) wara found to produoa varioua maXfozmationa and loortallty

of chick anibiryoa* Tha malfomiationa aaza dwarfing# incoi^plata

oloaura of tha abdoroan# laicroc^phaXy# dafaota of tha naural

tuba and lana cataracts and abnormalities of organs* Williamson

at al. (1956) raportad that a strain of Influenza A virus

caused specific organ dafaota in tha lana and auditery vesiclaa

in additicm to axis twist ard flattening of the eixwqphalon*

Price 2|, (1976) raportad a virus induced arthrogryposia

in chick mriaryoa. Yolk sac route of inoculation of reovirus

into «riarymiated chicken a^s rasultad in death of tha esnbryo

along with «ebansiim subcutaneotw ha<«ix>r£haga (Glass gt.

19731 Olson# 197S| lavisdto and waimaan# 1980)* Xnoculati<xi

of chorioallantoic BMuobrane of 10 day old chiclwn etnbryo

produced death of embryos 3-5 days after Inoculation with

davelopiaent of large necrotic plaques on the Chorioallantoic

mmabrana. Tha surviving «nbryo8 wara stunted mid had gremiish

discolouration of liver# splenomegaly and heart lesions

(Mustaffa Babjae ^* 1973t Bains ̂  1974| Spradbrow

and Bains, 1974). The avian reovirus was vertically trans

mitted from infiKstad hens to chicks and produced Mobryomcnr-

tality and reduced hatchability (Glass 1973| Handas^

at al. 1975ai Hussain 1981t Jones ̂  1981) •

Yamada e^ ai- (1977) isolated avian reovirus from dead in

shell chick embryos*
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Chut« and Cola UtS4) raportad the wiflMryonlc walforroa-

tiona and mortality pKodiiead by BQ^oplaama* Bchyiaotlc

haaniorrhagaa aara notiead £ra^pa«nitly in the akin o£ the head,

nack and ventral thoraeie region. »teningoeocoal andotoxin

produoad mortality in ̂ !aiek aidbryoa (Smith and Thomaa. 1956) •

Harry (1957) reported embryo mortality due to baotarial infec

tion of egg yolk. Ha alwwad that yolk infection ia uaually

initiated by bacteria* relatively n(8k->pathogenic in aitea

other than the yolk ahi^ poaaeaa enzymea capable of degrading

the yolk protein conqp^lttfes* and oocaaionally by toxigmoic

bacteria capable of atimulating the production of an infla

mmatory exudate frexn the yolk aac lining. The tiiiok embryo

waa found to aurvive doaea of Cloatridium botulimro tcncin

ehifi^ would be lethal to adult birda. Thia waa preatmably due

to the apeciai mechanimi of reapiratory gaa exefiange* which

in the avian embryo waa accon^liahed by paaaive diffuaicm

acroaa the chorioallantoic membrane (Romanoff* I960). The

embryos injected with toxin showed severe ankyloaia* short

upper beak and atrcqs^ degeneration of the akeletomuacular

ayatem (Draclvnan, 1964). Chicken ealnryoa were found to be

highly auaceptible to aome atralna of ataphylococci and

relatively reaiatant to others. The W 50 waa found to be

leas than ten bacteria. The lesionnMcoduoad were frequent

haemorrhage in tho kidney* hamnerrhage with diatortion of

structure in liver* haemorrhagic encephalosis and necrosis

of nervous tissue (Macabe (1962). Russell and Cottew (1972)
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Isolated mstmefmua^mA ohiolceA

eggs. Reaee and Scalar «W4) eoodected a bacteriological

«xaiiiiiaU<»i or dead i» rtiell eggp* Odbawaiilrt (1974) loca-

Uaed la the ebiole enft»yo after

experliwMital Infeetlcai of tbe eggs* Karle and RU (1974)

oOTtduoted a enrrey of bacterial flora free chlcKen eabKyo

and their effect on low hatohablUtr* Pla^ (1977) Isolated

£• serotypes frexn the yoDc aac of In shell eeteryoa*
Naidied (1981) conducted a baciMMrlologloal study m uahatched

chlclcen eggs and reported that there was an average contami

nation of 40.896. The contaminated flora comprised of mt^ro-

bacterlaoae» Mlcrocooel. streptococci* PMfUdoraonas and

Anthracold species. MoClenil^n (1981) Inoculated

fertile e^s with mycoplasma broth and r^^ptmeted eaiaryonle

death between 19 and 21 days of Incubation showing lesions of

congestloai* stunting and oedama of head. OraJa]ca a»^ Mohan

(1985) conducted a bacteriological survey from dead In shell

ohlcksn enbryos from Nigeria and Isolated £. coll and

geapterlococous aureus* Mlcrococous. Klel^e^la* Psei^doftony

and Kcateas. TiMy suggested that the high Ineldmace oi

pathogenic bacteria might have contributed to the eodiryonle

mortality and reduced hatchahlllty.

injection of hormones Ube estradlol* cortisone* Insulin

(Parhon 1954) caused chick embryo mortality «id malfor

mations like shortwilng and bending of femur and humerus*
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exteriorl8«d vlae«r«* beak* b«:it uppar beak,

delayed oaaificaticm ©f bWEie© ©^ the roof of the skuil.

The avlan eii4»ryo wee fowid to be very reapcMislve to a lack

of thyroid hormone as ©ell as an excess of thyroxlne. It

was shown that thyroxine accelerated the groirtdi of the entory©

and the time of hatching was delayed by one to one and a half

days (Beyer, 1952)•

Antlthyrold dregs like thlourea prevented the synthesis

of thyroid hormone and so produced a state of hypothyroldlsm

and resulted In retarded growth, delayed hatching. Increased

mortality, thyroid hypertrophy and other anomalies (Adams and

Bull, 19491 Adams and buss, 1952). Hlstologlcal Changes like

hyperaemla, hyperplasla, marked Increase In height of folll-

cular epithelium and vacuolatlon of colloid and colloid

release were also produced In the avlan entoryo by antltlv3f©i<5

drugs Uka thlourea and thloaracll. cairlstensen (1985)

Injected fertile turkey eggs with thyroid hormones and found

that the Injectlcwi at setUng depressed hatchablUty and

Injection at later days of Incubation Improved hatciiablllty •
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ineldhMos a«fcw® of «Btocy<y?Blslqf

In «Mtd« to »tudy th» ineldmM ond p«tt«m of Mbiyo-

■ortoUty dooa onOieyo. fro- tho follo-lno \uMmrl— wro
•tadi«do

lo Hatohery afefeaohad %lsa iteiveffsity PooXtXf Fami#
Mannuthy.

2. Ratohary attaciiad with the All India CowPdiaatad
RMMattsh Projact on Poultry for Mannuthy#

3. tho Central Hatchery, Chengaamir balmiging to the
Kusband2:y Departnant# Kerala State#

Five thmeaad four hundiMd and forty eaatoryoa whl^sh
failed to hatch were examined.

Pathoanatomieal atudiea

The dead in shell embryos w«?e <^peaed and the enbryos

sere examined for gross patlx>logioal abnormalities# ISie mal
formed embryos were classified with detailed description of
their pathoanatoay. Out of these, Ussoes from 500 repre-
s«itatiwe embryos were subjected to detailed histopathologioal
studies# The tissues were fixed in 10* neutral formalin and
processed by paraffin embedding# Sections cut at 5 micron
thickness were routinely stained by HMmatoaqflin and llkMin#
Wherever necessary jMirial sectiCMis were cut to study organoge-

nesis alcmg with histopathologieal alterati<ms. In suspected
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oM«8 Of fatty ehaii^oo* ataislog for fat waa dona with

Swdan III In aoctiona taleaa in a qryoatat microtoiaa.

Baotorlologloal atndioa

ona hiindrod and fifty doad aaOsryoa which showod loalona

of auapoctod Infoetloiia* woro anbjoetod to euituraX axamlna-

tlon to laoXato bactorla* If any. M.1 tho anbryoa wera

coXloctod under atarlXo coadltlona and tho ondMcyonlc fluid waa

ottlturod In MulXer Hlnton Agar. Tho pXatoa woro for

48 houra tho organloaa woro Idontlflod upto tho Gonua

XovoX aa doacrlbod by Cowan (1874) •

BxporlinentaX atudloa

Tho osqperliaantaX schedule Is given In table 1.

oa^etracvcllno.

Pure oxytotracyeXlno (obtained from Hlndtiatan Antibiotics

Llraltode Plieprl* Pui») waa diluted In sterile dlatlXXod water.

B10*t--days oHibryonatod eggs were used. Two mg of totracycXlno

diluted In 0.2 ral of dlatlllod water waa admlnlatored Into tho

air coll to each of tho 20 orabryonatod ogga. An equal nunbor

of ogga was Inoculated with 0.2 ml of sterile distilled water.

Another 20 auRdoera of unlnoculat^ ogga were also Incubated

along with tho Inoculated ogga. All the ogga woro candled

dally. Tho doad ones woro op«aod. Tho oafltacyos woro wolgbod

and th^ aubjoctod to detailed pathological Investigation.

After tho gross exaiBlnatl<m« tlssuoa woro collected for hlsto*

pathology. Tho cncporlmont of oe^otracyollno admlnlstratlcm

waa repeated in another set of 20 e^^ip.
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X  Obtained tron Ch-doala.pur« oaufatoxln a -t
4  a. %r»8 diluted in piropyi«n« glycoi «

i—

air cell of each entoryoe* Twenty
.  Another 20 enibscyonated eggs *«*•

batad into th. air oaU.

Ttia «®«rlnattt of ochratoxln * adad. atra ^
bavo. «r. oandlad dally. The daad on..

deeldhed after groa. e»»i»'d^'»'roncrved and wel^pjed.

„Xlected for hletopathoXoglcal e««an.tloo.
rti^inin.

at /^v^alnad from Malcor Cheraieals,Cltrlnln In pure form obtained from
alvcol at the rate of 50^g

T„-el «ae diluted In propylene glyooi aIsrael wa Inoculated Into thepen ml and 0.1 ml of this solution -a. inocul

oeU Of ao numbers of 4-d.y IncUbated ^
20 numbers of 4-day Incubated eggs «ere Inoculat *

,  <is«n«r maobers of unlnoculated
0.1 iBl of propylene glycol. Anini-«-.4mia«4. o£ citxinin adwinl-«aas ̂  also incubated. The experiment of citr

V. «. ujat o# 20 «B»b3Ey«EMited eggs
- «.*»<i»fced in another aet ot ««««.*atration was repeatea in ^ ^ daad embryos

All the eggs were candled dally»as before. All the egg examined
..r. remoued and-ighed. Ml the deWl embryo.
^..1, and tissues mere coll«:ted for hlstopathologlcal
exttPaination.
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nitrlnin imms* picopyflnhffataxm h and cltrman
_ in 2 S AW o« oa»:.«»i»

glycx «> M to oontoln . .t tho ~t. ot 0.1 »1
,  This mlxturo wao giw »* "*citrlnln pet ml. 'hi Inoubated

#e«il o£ 20 nustoera of * <*®y
per a«i into the ptopy-
^ Mwthet 20 e«. Awre inoeulated With 0.

1 .lone T«nt, n-^" uninoculeted e«. ««1«» glyool lono i„ooul*ea one.. Ml the W
tXto inciAbeted along « removed. Recorded

ee itesd r«»OVOaemare candled dai y „..iv and microeeopioally'
eeignt -tudied the lesion, gtoaely and

m,4«vo. infected -ith Influen« virus - i/ducVlndi./
Ti«..«rtfflant of Micsr^o3^oW

^ ̂ Twenty tmSa»f of
ju t'HA tiasue reacti««»ueed for studying the tie««i _ o 2 ml of virus

, aa, incuhat- egg.
wh reharloailantolc cavity. "Hieae eaflascyeuapenaion into the 70 h after InoculaUon.
.A V. la H. 48 h and 72 naoll^ot^A at 18 **• ^

Ultraatructnrai atudlea

inoculated with Odhratoadn A,
T4tr.r and kidney from endaryoa inocai.ax;«»hiver ana iw-"* j 1- 3 oar cent

eitrlnin and ochratonin X and citrinin sere
.  dcie se^flftdvlate. The glutaraiaenyaa,lutaraldehyde huf fe^ le^fered

"olHrrmaliral .Sd-dded in Rpou.With s-eolUdin. Thin aectiona
wiefAA em a hKB ultratome. loiw

sere cut uith glass Iciives on a u~.
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««« plohad up on uncoatwl copp« grids, »taln»d with uranyl

fc -vaitt In i&hA Dapwrfc®®'^^ Pathology*®i«ctron nilcrograpiw w«r« talc»n in tarn u«pa™«

FacuXty of Veterinary Medicine, t^apeala, Swo<^.



?^eiuLti



4. Rxsm/rs

ocseturrwoe* aBd nafeuf* of oaibacyopatfty

Tho peooTOt; conduct.®d ̂  5440 ooteryos Which
failed to hatch on tha 2Xat day out of M.TOO agga aat. Thaaa
•dxryos mco aubjootod to dotaiXod pathoanatomieaX Invootl-
gatlon. rtM p«ceantaoo of oocurronco of vartoua ahnonaaUtlea
is givon in tablo 2o

Sixty por cont of tho onfaryoa had doUbXe or onltlpio
dafocta. valuaa for aaeh dafact aara racordad aaparataXy and
tho pareantaga waa oaXcuXatad on tha total numbar. Wia algnl
flcant pathoanatoadeal faaturaa of aom of thaaa conditKma
ar« described here.

Toantyaavan par oant of oaaaa had oadama in tha region

of haad and nwsk (Figa. X and «. Tha oadooa waa galaUniaed
and waa aaan inwolving tha doraaX aapaot of tha cranium and
tha orbital ragi<m and waa found toSl^xtaading doraaly and
latarly in tha naoh region upto tha thoracic Inlat. Tha

coagulum waa aaan involving both the aubcutia and

moscuietitrea Petechiae and streaks of haemorrhage were

noticed in the oedematous region in many cases.

Microscopically the oedematous area ccmsisted of homo

genous ypfwxi eoain<^phiXic contents with few stmnds of
fibrin. When muscular Ussue was involved there was separa-

tien# fragmentation and ayolysis of fibres. Focal areas of
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TabXe 2. o«acurr«ic* of irorious ^entoryos (Tofeai 5440 oitocyoa oxawinod)

Porc«itageNaiao of condition nuatoer

Oedoraa of hoad and nook
Oaatroschlala and homlatlon 2380 43.7
ofyolkaac

577 10.4

515 11.3

Barly araibcyonlc doath
Cxirlod eaibcyoa

Dwarf orabryoa ^ ̂
C^phaUUs and septloaanla 272
Coelesoma

Dead In ahaXl

Xilve sticky

Beak al^aonaalltleat

Parrot beak

Croaaed beak

Short upper beak
Bra<a*ygnathla

Agnathla

Brachycephaly

cranloaohlala

T^aih abnormalltleat

MlcromeHa

Thoraeomella

Polymella

Phocotnella

Ectromella

Curled toe

Bye abnoRBalltleai
Mlcrophthalmia

Anophthalmla

Cyelofda

Streptosonila

Dlproaopua 1 0.02

DupUoatus (Twinning) 2 0.04

428 7.f

814 15«0

1087 20.0

125 2.3

201 2.7

138 2.5

15 0.3

1  0.02

89

500 11.03

80 ^*5
1  0.02

1  0.02

1  0.02

1  0.02

244 4.5

142 2.4

20 0«4

18 0.3

82 1.5
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M KuU smfOiU* or u liroo otrortco botooon

ro«dlo bondloo *•« noawol. rm, h«»«)phllo. mm o£ tham
full, or i»rtl.Uy d.,r»»a.t.d. oor. foooS In th. o.d«»to«.
•xoa. Tho broln did not rwfool Kolocio ««" o« thooo
.rtbryo. coneooltantly h«d otbor typo, ol drroloimmtal Oboor-
malities also.(Fig. ))•

Homlntion of yolk ooooclotod with gaotroschlolo woo

««n in 2380 («3.7*) --Myoo. M-W of anoh an(bryo. h«l othar
lasions also.

ThlrtyoHmt par oant of oaaaa bacauaa of thalr poor
dawalopnant Indlcatad aarly artbryonlc daath. Tha alaa of
tha anbryoa Indtoetad daath had oocMrrad bafora 10 daya of
incubation. Bacauaa of tha adaancad autolytlo changaa It
waa not poaalWa to Idantify tha apaelflo pathological
£eaturo8«

Tan par cant of tha anibryoa wara amall In alzo and had
a curlad appaaranea. Tha alaa of tha ambtyoa Indlcatad that
tha daath had ooourrad batwaan 10 and 18 days. Hlatopatho-
loglcal examination did not cavaal any laalon suggoatlwa of
vixal

Six hundred end fifteen (Hb3%) erfibryos were reduced in

sise and weight and were considered as dwarfs (Figs. 4 and 5) a
The reduction in overall sise was also reflected in the
reduced sise of the internal organs. Fiftyfive cases showed
extreme shortness of long bones of the extremities and



30

COM. -K»-d to to. U«r. itota.y •"«
h.«t. Th. Uw. lOai!.* «a to«t ».«»

Mcrotlc d»n9.. Ol Yiaytog aeflt.... Jm«g to. to«f «toyo.

22 had generalljwd ottdflna.

Flva per cent &£ the eeMie revealed omphaUtle and
lesions of general septlcaenda (Flg». 6. 7 and 8). this eae
Observed ehere there was bemlatloii of yolk sac as well as
in entoryos in which yolk was retained within the body. The
yolk in these cases was creamy In consistency, very often
with a greenish colouratlcm. The visceral organs especially
the Uver, kidneys, longs and spl«m were congested and very
often petechlae were also seen (Fig, 9). Hlstologloally
there was marked pwwhymatoiis degeneratlcm and necrosis of
hepatic cells as well of renal tobnlar cells. There was
severe o©ngesU<m with petechlae In many organs. The yolk sac
was severely hyperaemlc with focal areas of necrosis, heuko-
cytlc reaction was ralnlraal. In two cases the Itings were very
severely pneumonic with the presence of flbrlnous Inflammatory
exudate. In the exudate the mwher of heterophlls was very

few. the predominant cell being mononuclear cells, probably
of raacrophage type, in throe cases the kidneys revealed
basophlllc bodies with the morphology of corpora araylacea.

Coelosoma. characterised by the eventratlon of viscera,

was Bmmt In 7.8% of cases. The eventraUon was In varying

degrees and sinrerlty. In some cases only loc^s of Intestines
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.••n ourtld# tl« (fig. 10> Whll. in oa.«

thtt entlra vl»c«ra of tUm tSaOmmn wa» found ovontratod.

Fifteen per cent of the imibryoe uere elaeelfiad aa

•dead in ahell* and did not reveal any groaa malforaiaUon
either by external appearance or groaa examinaUon of the
internal organa. On hiatopathological examination of repre-
®«itative aang»lea, no specific leaiona wore seen except

moderate degree of congestion and degenerative changes in

the liver and kidtoey.

Twenty per cent of the ei^oa were classified aa 'live
sticl^*. In general they were reduced in size and appeared
weak. The feathers were moist and sticJqr and were found to

be partially adherent to the egg shell mwaibrane. Except for
general congestion and sUght degenerative changes no specific
lesions were seen in the organs.

Abnormalities and dtoforraitiea of the bone and appendages

included beak ahoormalities, polywelia (Figs. 11 and 12),

thorocomelia* phoeoraelia, ectroinelia (absent or rudimentary

lirtbs), brachycephalla, cranioschisis and curled toe (Fig. 13).
The lagjortant beak abnormalities were parrot beak (2.396),
grossed beak (3.796)(Fig. 14). short upper beak (2.596) (Fig.l3).
bracdiy gnathia (0.396) and agnathia (0.0296) (Fig. 15).

cranioschisis was seen in 11*0396 of cases. In this

condition there was cci^lcn^e or partial failure of fusion of

the craniwn and the skull bones were imperfectly formed (Fig. 16).
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Thl. h.d nmiltad In pwttlnl KMnlaUoo of th. brain. Manr
of tJioaa anlbryoa had othnr conoomltant daformltiaa. Hlato-

oxaBlnatlon of tha homlatod brain iwfoalod

iMuronal degoaeratlon and extonaiva raalacla.

MlcrojAithalraia 2.6* and anoi^hthalraia 0.4* w«r» a««i

along vlth other abooimalltla. UK. erooood baak or h«nl.-
tion o£ yolk.

Othar davalopiaontal abnorraalltln® cyelopla

(both eyaa fuaad raadially) • Stsaptoaoada (twiatlng of tha
body), dlproaopfua (embryo with two haada) and thoracomelua
(an ambryo with aupamianarary wing attached to tha thorax),
one of tha arthryoa which waa cyclopia had two upper beaka and
one lower baak with cranioacdiiaia and hemiation of yolk alao

(Fig. 17), Twinning or duplicatua waa aaan in two eaaaa.

The normal poaition of the body of tha embryo parallel

to the long axia of the egg with the head toward blunt

and waa found diaturbed in 2430 caeaa in which malpoaitiona

ware recorded.

Out of tha 2430 malpoaitiona aaan the following typea

were raeordad.

i) Babryo upaidte down (head at the sharp end of the egg),

ii) Tha head of the embryo at the blunt atid, turned to

the right and poaiti<»ied over the ri^t wing,

iii) Head of tha embryo at tha blunt and but turned to

tha left.
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iv) Bntoryo rotated away £ran tha air coil

V) fioad botwoon tbo thls^io

The raalpooltlonod OBflMryos inoro with or without other

pathological alteraU«»e. ©ne conelstont observation waa
the oedema In the region of the head and necX,

Bacterlologleal examination

One hundred and fifty dead entocyoo which showed lesions

of suspected Infections were subjected to bacteriological
examlnaUon by cultural raethodsi 59.394 of them (89 oaOaryos)

were positive for bacteria. In 26 sanq?lea, more than one

type of organism was found to be Involved. A total of 115
bacterial Isolates was obtained during the study. Out of

these 115 Isolates 66.95* (77 Isolates) wore gram positive

and 33.05* (38 Isolates) were gram negaUve. Among the gram

positive bacterial Isolates 43 (55.84*) were epp.,

20 ( 25.97*) Bacillus spp.» 7 (9.09*) Corynebacterlum,

4 (5.19*) Mlcroeoccus spp. and 3 (3.9*) Aerogocg^e spp. The

gram negative bacterial Isolates obtained were Identified

as CoUforms (17), Proteus spp. (7), Pfggdgmon^j spp. (6),
spp. (6) and Aeroaonas spp, (2) and the percen

tages were 44.74, 18.42, 15.79, 15.79 and 5.26 respecUvely.

The results are presented In table.

Bacterial isolates from eitbrvos

Total nuiriber of embryos examined « ISO
number of positive samples « 89 (59.3*)
number of total bacterial Isolates » 115



34

Total matiber gsraa poaltlva bactaffia * 77
iaolatad

g4^»hvloeoocaa W * (55.84*)
Baeiima app. ' 20 (25.97%)

SSQSffiteSSMSM »PI^« * (9.09%)
MieroGOccua spp. • ̂  (5.19%)

AerocoGCttS «pp. * ^ (3.90%)

Total nuraibar of gram negative bacteria ^ 33
Isolated

conform « 17 (44.74%)

Proteus spp. « 7 (18,42%)

spp. « 6 (15.79%)

Bpp. « 4 (15.79%)

Aerowonas spp. * 2 (5.26%)

Bxperimwatal studies

Qxytetraovollne.

tbe mortality pattera and gross lesions of the Inoculated

embryos are given In table 3. There w a mortaUty of 52.5%

In the eaqperlroental group. There was no mortality In the

control group. In g«Mral the enOMfyos that survived iQ»to

21 days (47.5%) were reduced In slse,especially the llmbS

appeared shorter. The mean average weight of the embryos

that survived on the 21st day of Incubation was 15 grams and

that of normal or control group was 25 grams. This reduction

In weight was found to be statlsUcally significant. Irres

pective of the day of examination, most of the embryos had an
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o«tamatou8 app«ar««« md «•" ^

lf» 20 and 21).

Hi.topathologieal wanlnatlon r«rv«il«J moderat. to

asvere dagmiMaUw Shang.. In th. U*m: (Mg. 22'
Icldnaya (Fig. 23). Wmarooa fatty vacuolea wra a*n In
hepatic clla. Congoetlon and oecaalonal pet«!hla«
notl<»d In most of the lnt«mal organs. The dlgsstlv. tract
apltheUum showid dwn««tlon and dascjuamaUon. Thara was
auhrocosal oaftana. The brain was oadamatous with proolnwit
parlvascular spaces «>d separaUon of nwaronal calls. This
was particularly «»n In the cerebral hemispheres, other
organs did not reveal any pathological lesions.

It was found that there was Interference In the develop

ment of bones. The normal embryonic bone rudlm«»ts mainly
oonslsted of hyaline cartilage matrix which has a bas<^lle
matrix. In the «m»yos Inoculate! with oigrtetracycUne. the
condensation of the unorlented mssancdiymal cells appeared
r,..-...! but the nuclei In the condensed area were arranged In

a haphasard manner. The deposition of matrix around the cells
was less In quantity compared to the normal (Fig. 14). It
was found that chondrogenesls was not uniform In all areas
even though the formation of pMSlChondrlum appeared normal.
The orderly orlentaUon and flattening of the chondrOblast
and the appei'-s'*" Intercellular matrix were seen disturbed
(Fig. 25). The arrangement of cells between the eplphysls
and dlaphysls was Irregular, stellate calls were seen In



Table 4. Mortality pattern and gross lesions of embryos inoculatod with
oehratoxin A (0.5 ug/egg) (Inoculated on 4th day)

Age of embryo Dcad/hive Gross lesions

5th day 4 dead Mild congestion
5th day 2 dead Mild congestion
7th day 2 dead Congestion and oedema
9th day 4 dead severe congestion (2)
10th day 2 dead severe congestion (2)
11th day 2 dead Severe congestion (2)
13th day 4 dead Severe congestion
15th day 2 dead Severe congestion 

Crossed beak (1)
21st day 8 dead Herniation of yolk (7)

Herniation of yolk and cranioscliisis (1)
10 live Herniation of yolk (0)

Curled toe (1)
Oedema of head and neck (2)
Crossed beak (1)
All tho embryos were reduced in sise

Controlss Two embryos inoculated with propylene glycol died on the 7th and 
10th day x-?hilQ one uninoculated embryo died on tho 18th day 
due to unrelated causes.
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with tht cireymftcmt •§ MSam mxtllBgmimm rudiiMat wm

maintained, bat in mmmi amtfi this ammgwnmit was IcmH& ami

was miaHid up with t^r^ftss at advaaeiag blood vossola (rig,27}.

Daring the fonaatioii oi the bocqr eylindor, the ocmveraion of

the oateablaets to oeteeeylMMi was oli^tly inhibited and

numerooa chondr^alaats were seen and miaied with ostebblaats

and oateoortea, Caloifioation waa partial.

Endod:u»^al oaaifioation waa also aa«i alightly inter

fered. The oateoblaata failed to arrange theraaelvea in a

regular manner, l^arge oanber of eapillariea waa ae«a in the

epipl^aia and there waa partial failure of ealoifioation of

epipl^aia. Sndoohooidral osaifieation of tiM wertebrui and

cartilage bones of the aHull were also jtound interfered with.

Only part of the eartilage matrix waa ealoified before it waa

reaoxbed.

The details of mortality ̂  the embzyoa inoculated with

oehratoxin A and the gross leaiona encountered are given in

table 4. The endsryoa whie^ aurviired were atunted in aiae

and mean weight was 14.4 grama and waa found to have signifi

cantly lower weight coepared to the ccxitrola (Figs. 28, 29

and 30).

The emtbcyoa whicdi warn ̂ toad during the early period

showed ifl^rfect organogeneaia. The differentiation of

cells waa not found complete coa^ared with the embryos of
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the eplphywai regioa in the matrix, but thay ware not
clearly ctemarcated from the aurroundlng Uaaue.

signs of oaalficatlon iiare seen beneath the perlchon-
<irlum aroiind the hypertrophle aone only by the 15th day
(Fig, 26>. The matrix was not of uniform density In the
•pll^sls and the transformation of stellate cells to round
cells was not uniform In all locations. Eventhough there
was cellular l^pertrophy, degmerated cells uere seen In

large numbers. Between the enlarged cells of the metaphysls
there was less matrix. The proliferating zones seen between
the eplphysls and dlaj^ysls were Irregular. Eventhough In
the normal embryo, the first signs of calcification were
seen on the 14th day. In the esQ)erlraental group they were not
seen when examined on the Wth day. Even In the 21st day
embryo the extent of calcification was much less than In the
normal and the distribution was also Irregular and patchy.
The Initial foci of calcification were noticed Inwedlately
beneath the perlosteal bone near the extremities of the dia
lysis. Perlchondrlal osslflcaUon was also of not uniform
pattern, ha the chondroblast started to enlarge, the perl-
chondrlum covering the zone of hypertrojAiy was seen dlfferen-
tlatlng Into an outer layer of flbroblast and an Inner layer
of osteoblast. It was noticed that In the long bones the
formation of these layers was quanUtatlvely Irihlblted to
a Slight degree and of not uniform pattern, in many locatlcHis
the normal arrangement of osteoblast with a long axis parallel
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eorrttsponding ag«. fhwe* w mrlced degeneration and nocaroalo

of the eexa.8 In the Tarlone developing stmcturea.

Abnomialltiea eera partienlarly raarloed in the developing

bonea. The Icwig bonea aa veil aa the variona cxaniofacial

bonea eere found affected, the epiphyaeal region of the long

bones showed uncoordinated proliferation of cartilage cells

in cosimriaoi with the tiaauea from the controls of the sanie

age. There was quantitative reduction in the level of ossi

fication in the bonea. the orderly transitim into b<»ie

differentiation and ossification was singularly lacking

(Fig. 31). Kecroaia of raeaencfliyaial cells was noticed in very

early stages, thus affecting orderly chondrogeneaia. There

were fexsal areas of lysis of chondrocytea in the l^g bones.

In three embryos, it was seen that tl» irregularity of the

proliferating cartilage of the vertebrae had partially obli

terated the neural canal resulting in partial compression of

the spinal cord (Fig. 32). The spinal cord posterior to this

regicm showed neuronal degftoeration.

Histc^ttological lesicois were <Kmsistently seen in tlwi

eye (Fig. 33). The portiai of the msoibrane extending from

the pi^illary border to the lens had disappeared during the

early stages and the portion over the lens had fused with tt^

underlying capsule of lenticular origin. The retina was

either found detached or there was folding of the ganglionic

cell layer of neural retina (Fig. 34). The chortN^and

sclerotic layers were continuous with the ciliary body which
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was showing dagaiMMcatlvt «ftiang*« but wera found sU«<hU.y

dtetachod <rig« 3S). In Many looatiais tl» transition batwaan

the gangllonlo and the Innar ratlcular layars was not vary

avldant. Similarly dlffar«itlatl<m of the Inner nuclear

layer as the araaerlna ealla (corralatl<»i neurons) and the

outer cells of the Inner nuclear layer to become the basal

cells was also not evldwit# the pigment gllal cells of the

pecten showed moderate degree of degenerative changes and

there was aocumulatlw of oadteraatous fluid between the folds*

The brain* In all eases* was sll^itly oedematous result

ing In loosely arranged cells* In one case there was acdurau-

latlon of fluid In the lateral ventricles with conseqtient

pressure atrojdiy of the brain c^lls* in cases of oranlo-

s<^8ls* the brain showed numerous foci of llqulfaetlcm

necrosis with only a few Intact neuronal cells* Presence of

gllal cells was prominent (Pig- 34)- Some of the neurons of

the nerve ganglia had under«K»ie degeneratlcm but wltlKsut

esdxlhltlng neuronophagla (Pig* 37) • Consistent degenerative

and necrotlc changes were seen In the 3cldney and liver* The

kidneys showed Interstitial oedema and degmratlon and

necrosis of tubular epithelial cells(Pigs* 38 and 39)* Many

of tubules revealed epithelial <tebrls. The glomerull

appeared hypercellular and In a few oases there was desgua-

raatlon of both visceral and parietal epithelial cells* The

extent and degree of damage to renal eplUiellum was more In

smbryos that survived than In those that died during
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d«v«lopfMnt* Tho ilir«r' »«¥«r«ly •ngorgsd with fooal

haeeoonrha^^Se Tha hepatic calls showed Islands of dagene*"

ration and necrosis (Fig. 40). in other areas Individual

hepatic cells were found laden with fat.

The oardlac muscles show<^ oedema ai^ occasional bundles

showed fraffaentaUon (fig. 41) • The endocardlal surface had

Irregular button llloi protrusions of cardiac muscles In four

endoryos which survived (Fig. 42). There was necrosis and

degeneration of both epithelial and lymphold con^ponents of

the bursa of Fabrlclus (Fig. 43). Moderate degree of dege-

neratlmi of the lyroi^ld elements was seen In the thymus.

The mortality patt^urn of embryos which were Inoculated

with cltrlnln and the lesions Observed are given In table 5.

The embryos which survived ww?e mnaller In size ai»3 had a

mean wel^t of 14.2 gran and was significantly low compared

with the controls.

Hlstopathologleal examination of the embryos idtlch died

before 21 days, showed g«^al congestion, degeneration and

necrosis. The developing Icldney and liver revealed Mvere

degeneration and necrosis (Fig. 44). The developing bones

were apparmtly normal with the usual chcxidrog^nesls, osteo-

blastlc prollferatl<Mfi, osteocytlc replacement and calclflc»-

tlon. Sxoept for sll^t oedbnna of the dlencephalcm (Fig. 45),

there was no significant alteration In the developing Ixraln.
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On histopathol^gieaX •xaminatioii. ch«ng«s wan noticed

In the kidneys of embcyes ifhiOh survived for 21 days* TIm

glorasruli were swoiiwa and tiad a hypercelXular appearaiK:e*

X few of the tubules cQsitained eosinophilic* granular pco-

teinaoeous contmts miaesd with cellular debri* Liver shoued

Bioderate degenerative ̂ langes and many hepatic cells were

laden with lipid droplets* Occasiemal cells appeared necrotio.

The epithelial coiapcNRents of the alimentary tract also showed

moderate degree of damage in the form of <tegeneration and

necrosis* The extent of leulcocytic reaction was minimal*

submucosal oedema was seen in a few cases*

Two of the embryos had calcified foci in the kidneys

and liver (Figs* 46 and 47) They were present as granular

deposits near necrotic cells* The cal^um deposits were also

seen as granular precipitates in individual cells or as baso-

philio deposits on the basenMoit raoflibrane of renal tubules.

In s<rven cases there was severe suboitaneous and muscular

oedema in the region of head and neck* The oedema caus^

disruption and degeneraticm of muscles especially in the neck

region and also hamnorrhage (Fig* 48) • No inflasroatory cells

were seim in these locations*

The epithelial cells of the ciliary body in the eye

(in 3 cases) showed slight degeneration between the conjunc

tive -vascular layer of the ciliary Ixwiies and thm sclerotic

coat* There was oedema and fUbrinous deposits in the region*
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The puXiaemary tiesttee ihoned oed«aa« The bxain was

eU^tiy to moderately oederaatoue. A few of the neurons

showed moderate degree of degenerati(»i. Other organs

Including thymus and hursa of Fabriclus did not reveal any

significant change.

Oehratoxin A and Citrinin.

The mortality and gross lesions of the embrycMB inocu

lated simultaneously with oehratoxin A and citrinin are given

in table 6. The embryos were smaller in siae and had a mean

weight of 14.5 grams and was fouurid to be significantly less

than the controls.

Histological changes were very severe in the kidney and

liver. Degeneration and necrosis of the tubular epitheliimi

of the kidneys were consistently observed (Pig. 49) when

examined at different time intervals. The necrotic changes

were more pronounced in the embryos that survived upto 21 days

than in those that suixnimbed earlier. The gloniaruli were

swollen (Fig. 50) and endothelial cells appeared very prominent,

The increase in the number of mesanglal cells gave an appea

rance of hypercellularity of the glomeruli. There was exten

sive hepatic cell degeneration and focal necrosis. Many of

the hepatic cells were laden with lipid droplets. The hepatic

reticulum appeared broken in many locations. Hawnorrhagic

foci were noticed and occasionally they became confluent to

form large areas of interconnecting sinusoids (Fig.51). Two

cases showed small focal areas of calcification both in the



Ta
bl
e 
6
.
 
Mo

rt
al

it
y 
pa

tt
er

n 
an

d 
gr
os
s 
le
si
on
s 
o
f
 ̂
ab

ry
os

 I
no
cu
la
te
d 
wi

th
Oc
hr
at
ox
ln
 A
 a
nd

 c
lt

ri
ni

n 
(
0
.
2
5
 +
 2
.
5
 ̂
g
/
e
g
g
)

A
g
e
 o
f
 e
o
b
r
y
o

D
e
a
d
/
i
d
w
e

(
h
n
»
t
8
 
l
e
s
i
o
n
s

5
t
h
 d
a
y

5
 d
e
a
d

H
o
 g
r
o
s
s
 l
e
s
i
m
i
s

6
t
h
 d
a
y

4
 
d
e
a
d

H
i
l
d
 
c
c
M
i
g
e
s
t
i
o
n

7
t
h
 d
a
y

5
 
d
e
a
d

M
i
l
d
 c
o
n
g
e
s
t
i
o
n

8
t
h
 d
a
y

4
 d
e
e
d

M
i
l
d
 <
K
m
g
e
s
t
i
<
8
i

9
t
h
 d
a
y

3
 d
e
a
d

M
i
l
d
 c
o
n
g
e
s
t
i
o
n

1
1
t
h
 d
a
y

2
 d
e
a
d
'

S
l
i
^
t
 o
e
d
e
m
a
 a
n
d
 v
e
r
y
 s
m
a
l
l

1
2
t
h
 
d
a
y

3
 d
e
a
d

S
v
e
n
t
r
a
t
i
<
m
 
o
f
 
v
i
s
c
e
r
e
 (
1
)

A
l
l
 
a
r
e
 s
m
a
l
l
 i
n
 s
i
s
e

1
5
t
h
 d
a
y

1
 
d
e
a
d

C
r
o
s
s
e
d
 
b
e
a
h
 -
 s
m
a
l
l
 i
n
 s
i
s
e

1
6
t
h
 
d
a
y

4
 d
e
a
d

C
o
n
g
e
s
t
i
m
i
 m
a
d
 s
l
i
g
h
t
 o
e
d
e
m
a

V
e
r
y
 s
m
a
l
l
 s
i
z
e
d
 C
Ms
hr
yo
s

2
1
s
t
 d
a
y

4
 
d
e
a
d

C
r
a
n
i
o
s
c
d
i
i
s
i
s
 (
2
)

A
l
l
 
e
r
e
 s
m
a
l
l
 i
n
 
s
i
s
e

5
 l
i
v
e

M
e
m
i
a
t
i
m
a
 o
f
 y
o
l
k
 (
3
)

C
u
r
l
e
d
 t
o
e
 (
2
)

A
l
l
 a
r
e
 e
e
r
y
 s
m
a
l
l
 i
n
 s
i
s
e

Co
nt
ro
ls
I 
O
n
e
 e
ra

bx
yo
 i
n
o
c
u
l
a
t
e
d
 w
i
t
h
 p
r
o
p
y
l
e
n
e
 g
l
y
c
o
l
 d
i
e
d
 o
n
 t
h
e

6
t
h
 d
a
y
 w
hi

le
 3
 u
ni
ao
cu
la
te
d 

er
ab

ry
os

 d
ie
d 
o
n
 t
h
e
 1
8t
h 
d
a
y

d
u
e
 
t
o
 
u
n
r
e
l
a
t
e
d
 
c
a
u
e
e
s
.



47

ldLdn«y and Uvar. tHay ^ ̂  granular

depoalta. There uaa exfeenalw epithelial daraage in various
developing organs, espeolally In the al^aentary organs.

Degeneration and neorosls vere seen In the thyraus as well as

In the lyrai»hold areas of the hursa of Pabrlclus (Pig. 52).
Interference In chcwidrogenesls, osteogenesls, osslfioation

and calclficatlOTi was noticed la the bones (Pig. 53). In

two cases In the skull the mentoraneous neurocranlum was ill

developed with distortion of the ethswldal aataplex^ The

dhondrooranlum was also not well forraed. The 111 developed

cranial bemes resulted In Inqperfect fttslon resulting In hemla-

tlon of brain tissue. The long bones depicted hlstologlcal

changes associated with Imperfect bone fonnatlon In the

epiphysls and dlaihyala. Ii^rfect ossification was seen In

the vertebrae (Pig. 54). In the developing brain It was found

that the dlencephalon, roesencephalon and pons had xmdergone

necrotlc changes (Pig. 55). In the fully developed brain

there was atypical and excessive proliferation of cells

protruding Into the ventricle as aggregates admixed with

necrotlc debrl. The brain was oedematous and the neurons In

the brain as well as In the ganglia showed moderate degenera

tive changes. In the eye there was marked degeneration of

the gangllonlc cell layers of the retina with flbrinous

deposits. There was moderate degree of degenerative changes

of the epithelial cells of the ciliary body. Plbrlnous

oedema was 8e«n betiieon the folds of the pecten and also
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adjacent to tho oiUmSf body. OogwiwraUvo cJiwigoa wso

also soon on tho c^tnoaJl and scXoral Xajfors* Pibcln deposits

ooro soon in the anterior ehanibor.

Avian Infltionsa vims.

At 18 hours post iaocoiotion there was generaUsed

oedema, and acute ccmgestion of the various developing tissues.

Eventhou^ the blood vessels were engorged emigration of

granulocytic cells was not diiaracteristic. The sinusoids in

the liver %fere markedly dialated and engorged with erythro-

cytes. The hepatic cells showed moderate degree of <^ig«nera->

tive changes. Small nui^r of moncmuclear cells were noticed

(Pig. 56>. The kidney showed congestion, focal haemorrhages

and moderate amount of mononticlear reaction. The renal epi*

thelium showed degenerative changes. The gut epithelitim had

a slouglwid appeairaiKse, and the subepithelial meswocd^fnal

cell layer had a loosened appearance because of oedema (Pig.57).

The pericardial sac was patent and raiall <^iantity of fluid

admixed with fibrinous material was noticed along with some

stellate and fusiform cells. Individual myocardial fibers

and the syncytial groups revealed fragaientation. These had a

very loose arrangement and moderate nxrabers of nvononticlear cells

were found in the tissue. Uhdifferentiated cells were seen

along with well differentiated myocardial fibers. In the

lungs there was slight oedema and presence of numerous

mesenchymal types of cells. The respiratory bronchioles

contained cellular debri.
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Thirtysi^ honar® post Inoculatlcwi th® liit«i»lty of the

reaction was more then at 18 hours, petechlae were noticed

In the hldney* llirer^peaarees and In the pulmonary tissue.

Myooardlal fibers showed extensive degeneration and frag

mentation. There was hasmorrhage and mononuclear reaotlon

(Pig. 58) co\ild be well discerned. There was degeneration

of the pairenchyraatous organs and diffuse Infiltration of

nvononuclear cells.

The natiure of changes were qualitatively san» at

48 hours post-lnoculatlon but the Intensity was more severe

and Involvement more wide. The degenerative changes were

more pronounced In the liver and kidney. Many foci of

necrosis were seen In the liver. The renal epithelial cells

also showed severe necrosis and there was Interstitial mono-

nuclear reactlcai (Pig. 59). The myocardlal fibers were widely

separated with oedema and presence of roumS and stellate cells.

There was partial lySls of the fibers. Kumerous spindle

shaped cells were seen In between the muscle bundles* but It

was not quite evident %diether they were undlfferentlated

mesenchyraal cells or developing flbroblasts.

Different parts of the gut showed degeneration of the

epithelium and cellular lnflltratl<m In the Interstitial

tissue (Figs. 60 axid 61). There %fa8 protelnaceous oedema

and occasional areas of hamxirthage. The orbital fossa con

tained protein rich fluid containing large mrabers of round

cells. The changes In the brain were mainly characterised
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by oed«Ba aiid Uqpiifaotive necrosis, l^ere was a Xooswiing

of the cytoarcdiiteoture and the ehsjadwirs contained degene^

rated cells. The epithelium lining the respiratory pathway

showed degenerative changes with mononuclear infiltratlcm.

In the lungs there was oedema and the parenchyma contained

large number of mononuclear cells.

At 72 hours post^inoculation the changes were more

intense than seen at 48 hours, in the eye the layers of the

retina were found separated and there was accuraulatlon of

small quantity of protein rich fluid (Fig. 62). In the

anterior chamber and near the ciliary body numerous round

cells were seen. In the brain tissue there was degeneraticm

of neuronal cells, liquifactlve necrosis and haemorrhage

(Pig. 63). Infiltration of glial elements aro\ind the dege-

nerating neurons was not seen. The changes In the respiratory

organs were more intense than seen at 48 h. The pulmcmary

tissue especially the peribronchial area had few mononuclear

cellular reaction.

Lesions in the heart were more severe with de^K»nerati<m

and fragmcmtation of muscle fibers and massive infiltration

of mcmoauclear cells (Fig. 64). The pericardial surface had

fibrin rich fluid along with erythrocytes and ra<monuclear

cells. The epithelial cells in other locations, especially

the gut showed varying degree of degeneration. There was lourked

degeneration and necrosis of hepatic cells and renal epithelial

cells. The glomeruli appeared hypereellular (Fig. 65).



51

{^asional £ra9Mikt«ti<Mi oi tim glomarular tuft waa aa^.

Znai.de the BofMiaan'a eapauXe eoainophiilo granular laateriel

along with deaquainated and degenerated cella were lareaent*

The buraa of Fabriolua had focal necroaia, and It waa

nore pmninent in the lyni^id areaa. Except for the infil

tration of large nundaer of laanonuclear cella no aignificant

change waa seen in the thymus.

in a few locationa in the developing bone there waa

chondrolyaia and infiltration with few number of mononuclear

cella.

UXdTiUUiTRUCTURAX* CHMIOBS

The xiltrastructural changea were evaluated after com

paring i^em with thoae in the €»>ntrol tiaauea.

Odhratoxin K

Liver.

The changes manifested by the hepatic cella varied from

necrosis of some cella to apparently mild ones as manifested

by swelling of the mitoch^cvSria. There waa varying asmaunt of

moD^ane damage. The frank niMtroaia with coinplete destruction

of cytoplaeeic structures and nuclear configurati<m waa

noticed only in few cells (Pig. (Ml). In general the signi

ficant alteration noticed waa the increased number of lipid

droplets of varying sizes. They were of different electrcm

density. Some of thmn were uniformly electxtm dense idiile
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others wore eleetroa lucent with an cuter rim o£ electron

dense material (Fig. 67 and 68). The raltocaioodria were

numerous. They were oval, round or elongated and occasionally

giant mitochondria were also seen. The outer mitochondrial
roenOaranes were intact hut the cristae appeared swollen and

the matrix was o£ increased electron density (Fig. 69). Foci
of homogenous electron lucent areas with depletion of orga-

nellea wore also noticed. The amount o£ glycogen varied £rora

cell to cell. Peroaciiaiies were £ew and when present did not

reveal any nucleoid structures. The nuclei did not show any

uniform alteraUoa. Floeculent aggregation o£ chromatin or

partial lysis was seen. HueleoU were single or raulUple and

of different sises and conflguraUons. Euchromatin was pre

dominant. heterocdiroBMitin was sparse and the number of nuclear

pores varied (Fig. 70). There was fragmentaUon and degranu.-

lation of rough endcplasmic reticulura. Smooth endoplaamic

;ceticulum was not evident. Oolgi con^lex was po«fly devel<^ped.

Structures similar to lysosoraal structures %»ere seen, but <xily

sparsely. The plasma membrane at the endothelial surface was

intact taut on the tails canalioular part they had a ruffled

and appeared damaged. The taile canaliculi con

tained bits of damaged cellular structures (Fig. 71).

The c^ianges were found to tae more intense in the convo

luted tuiHiles, more specifically in the proximal convoluted

tubules. In many areas the tubular structures were not
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if«ll formed, only wiW* ̂  epltheUal <d»ract.er-

ietioe and forming tight junctions were seen, in general,

ultrastructural alteretions were more severe in cells which

had been differentiated to form definite structures than in

undifferentiated cells. In many of these ceils which had

not been organised the organellar conqponentsyare generally

sparse. Mitochondria were few in nustfaer. The nuclei were

generally very large with the Chroraatln mainly of euchromatin

type.

In the proximal convoluted tubular epithelium, there was

moderate destruction of the brush border with full or partial

lysis of the brush border. In many locations the plasma

membrane showed irregularity and disruption and in some places

there was concentration of granular electron dense deposits

close to its attachment near the basement ra«itf>rane. Pew

strands of endoplasmic retlculxm were noticed. Rlbosomes were

few in these endoplaamic fragnnents. The structural changes

in the mitochondria showed great variation, some of them had

extreme organellar disfiguraticxi with loss of cristae while

others presented only slight swelling with increased electron

density of matrix. Few dense bodies and myelinated structures

resembling secondary lysosontes were noticed. Numerous vacuoles

were present (Fig. 72).

The nuclei were large with irregxaar nuclear membrane.

Aggregation of chromatin was seen in some cells while others

had pairtially lytic chromatin. Nucleoli were promiiMKtt, but
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very of^en there eegre^ti^m oil iiiK3l.e<A(»ieBMi ahd the

granular con^wnente. Xn a £w oeUe nucleoU appeared ae

condensed mass. The oelle In other parts of the neiAufon

revealed varying degrees of degeneration. Cytoplasraic damage

was con^paratively more severe In the distal convol\ited tubules*

Few lysosomes were present (Fig. 73).

The changes in the gloBmruli were mainly confined to the

basement meralMrane and the podocytes. There aK»ared to be an

Increase in the fenestrated nature of endothellal surface of

the basement membrane and damage to the foot processes of the

podocytes. The foot processes were either found absmit or had

fused to form large suolosr lil«e protrusions (Fig. 74) . Exempt

for slight swelling of the mitoct^ndria* and increased electron

density of the cytoplasmic matrix the organellar changes in

the cytoplaam were not very pronounced. The nuclei, in general,

aiqpeared normal. The cytoplaon of the mesangial cells except

for increased amount of lysosoinal structures apparently did

not manifest severe dmaage. Ooeasi(xially the cistemae of

the endoplasmic reticultsa were dilated and formed vesicular

structures. The nuclear chromatin did not show much evidence

of dama^.

citrinin

Mm*

The cytoplasm had Increased electron density and granular

contaits. The mitochondria were fairly numerous with round or

oval morphology. Som appeared swollen with sli^tly
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disorgaziized cristt*# A f«w of th® mitochondria had coinpXatolr

lost their Identity •bA only remenants of crlstae could he

seen inside them (fig. 75). In general endoplasmlc retlculum

was Intact and de^amilatlon was not prominent. The endo

plasmlc retlcultaa was thin and there was no contents In most

of them. Few Upld droplets were present (Fig. 76). The

nuclei appeareS nonaal flMC had <wily slight dianges In tl»

form of aggregatlcKis of cduromatln and loss of Interchromatln

granules. In a few cells ring-shaped nucleoU with desegre

gation of nucleolenecBoa and granular conqponents ms noticed.

X^ysosoroes were few and percaelsomes were scanty. The quantity

of glycogen appeared nennal awl imlformly dlstrlimted mainly

as beta-particles. The bile canaHcuU contained cellular

debrl. The canallcular part of the cyt<n?laara was more electron

dense In appearance. Plasma membrane adjoining adjacent

hepatic cells was Interdlgltated and showed partial lysis In

places. Golgl con^lex was llldeveloped.

SSdnex.

The tubular epithelial cells showed the severest form

of damage. Some of the cells had organellar changes Indicative

of advanced necroblotlc changes While In others the changes

wore only minimal. Evwi In cells which were not showing

advanced necroblotlc changes numerous vacuoles of varying

sizes were present In the cytoplamn.

thB necroblotlc cells showed severe condensation of

chromatln or chromatolysls. Chromatolysls was complete or



Si

partial. aiaitttagraticm and iyaia of tha nuolaar

Mdaraaa was ocoasi^uOiy ffo«n« thara was aXi^t daiiia^ to

the larush border. tiMi tbboXar epithelial csalla ahowad diffa-

rant gradaa of daatnietioa* from ali^ ehangaa to aavara

(laatruieti<^ of orgahallaa and noelatta (Fi^a* 77, 78, 79, 80).

Tha ehangaa in the glanamli ware not vary prominent exoapt

that there waa adld to aavara availing of tha mitochondria of

podocytas, meaangial calls, endothalial calls and epithelixmi

lining the Bowman*a oapanla. mimeroua vacuolea ware praaant

in the endotheUura and their attachment to tha underlying

baaamant manbrana appear loose. Tha nuclei in these calls did

not manifest any aavara change. Tha podocyta foot procaaaaa

showed alight diaoriantation in their arrai^aroent and occ»-

aionally there waa fusion of foot procaaaaa (Fig. 81)•

Zn many areas tha tubular architecture was not clearly

defined and groups of epithelial cells were seen only aa

collections. But organogenesis and structural identification

could be made out. Zn these calls tha changes ware mainly

manifested aa bulged cnit plamia membrane with a clear area

under the plasma membrane or with the presence of numerous

vacuolar structures and electron lucency of the cytoplasm

(Fig. 82}.

Citrinin and Ochratoxin A

The hepatic cells had varying degrees of organellar

changes iivslt^ng presence of lipid drc^lets (Fig. 83).
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Sana of tha ceXla imxm txaxikXy necarotic while others had

ozily inlnor alterationa# In cells not necrotlc. profiles of

rou^ endoplanaic reticulnm were seen mostly near laitochoiuJria,
These appeared as fra^pfientCKl units* Ribosoraes with polysomal

configurations were found lying free in the cytoplasm* Pla«na

nvembrane appeared disn^ed in many places. Hianorous vacuoles

most of them in the cytoplasm beneath the plarnna rasmbrane, were

present* There was marked oed«iia within the cytoplaemi. The

mitochcnidria wre numerous in number and most of th<wn ware

elongated and enlarged. A few oval or ring shaped raitochaadria

were also noticed* T1m» Ohrcmatin appeared partially c€»ad«ised

or flacxsulent (Pig* 84). The cxistae were orient^ in diffe

rent directions and the normal spatial arrangaanent was seen

lost* The matrix was very dense. The inttaroitochondrial

granxiles were few* The inner and outer mitochondrial membranes

were clearly discerned and in some mitochondria tlw outer

membranes were irregularly thrown into protrtisions. Giant

mitochondria with irregular outline were also seen. The bile

canaliculi contained granular contents (Pig* 85). bipid

droplets were more in number than seen in the normal liver.

They shewed varying size and electron density of the contents

(Pig* 86). Some of these droplets had an outer rim of

increased electron density while others had uniform contents*

In a few cells the lipid contents were segmented and conpart-

mentalised. A few were enclosed in membraneous structures

indicating their liposomal nature*
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_ mmkslnad fairly larga qoantitlaa ofThe cytopla« e««tainea rax ,
.rtlelea. both alpha and beta particle.. Ool9,lyco<H» ^ .he 1»»11»:.

~«miex waa not prominent - the laraexxax,
not well developed, liyaoeomee were

^ar component.

seldom present and if .
mo^Hirane bound structures containing^anulea. ^ The outer.Xm^tron denae cryetalUne contmd;. were »

„mrtbrane. of the., atmcturea were very rre ^
tlon to the cryrtallln. atmcturea. «»- amoun _
lucent granular content, waa noticed within the
(Pigs. 87 and 88).

,iw isroe. oval with irregular
The nuclei were uaually large, ov

suchrcmatln waa the predomlnent type an
nuclear memwranose

™catea of heterooausomatln were located at ththe little aggregate. , ̂  ̂  a llnudd appear
..... nrnnbrama. The haryoplaam had a limpx pp-inner nuclear raerabraHw. ..w-

upld inclualona were aeen In acne cell, within^
Tleua. xn all the cell, more than one nucleolua waa f^.
The granular and flbrlllar component, were clearly dlac
occaalonal cell, with ring ahaped nucleoll were also ae«..

The vlllou. protrualon. of the pla«« "-«an. were n^
cnxfcrm and they had a disrupted appearance.

4 nine sliohtly amorphous electron lucrnain addition to containing sligntxy ^

^terlal had also dlarupted cytoplamolc
d, - The structural changes seen in the Icupffervillous surfaces. The

cell, were mainly an lncrea«i of lyaoaomea. both autophag.^
xyaoaome. and heterolyaomm-a of the rou^. aurfaced endo-
plasraic reticulum.
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The tubular epithelial cells especially those of the

convoluted tubules shotfed extensive cytoplannlc changss,

NtBBsrous vacuoles were pcesesit (Fig. 89). The adtodhcmdria

weire swollen and in eaany the ctistae were eoiapletely dis

organised. There was degranulaticm o£ ribosomes £rora the

few strands of endoplasmic retioulum. Ihe cytoplaflBO was

electrmi (tense with a granular aj^aran^* There was partial

destruction of basemmt merabrane (Fig*

The nucleus was prominoit with irregular nuclear siaift-

branes. Heterochromatin was arranged as clunks on tlM inner

nuclear iMsnbranes as well as lying as small blocks elsewhere.

The c»ll junctions were not pnxRinent at the tenth day esdoryo

but they were clearly discerned in the fifteenth day CHiibryo*

X^sosoraes were scanty and golgi complex were not generally

seen. n\acleoli iifere usually large and prominent and the

nucleolixiama was seen surrounded by islands of granular ̂xapo-

nents. In some* there was condensation of the nucleoli (Fig*91)*

The histological pattern of tiibules of tiMi mature kidney was

not semt in some loeati<ms and sheets of epithelial cells with

attempted tiabule £omiati<xis were noticed. The cytoplasm

appeared more electron dense (Fig. 92),

In the proximal convoluted tubules the brush border

appeared disrupted. Al^g the border of the cells the appea

rance of degemrated cyte^aamic cKamponents was indicated

by nyelin figures. Some of these cells shcawed advanced
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degenerative phenemenon with nnraeroue dark dense bodies sugges*

tlve of S€KSondary lysososes* Tlwi basement membrane of the

collecting tubules and the cell junetlcms appeared more or

less Intact. The changes In the cells of the proximal and

distal convoluted tubules appeared more severe than In other

parts of the nephron and collecting tubules (Figs. 93 and 94)•

Xn the gloraeruU# the basement membrane was found to

have lost Its horrogenous nature and In some places there was

frasp»ntatlon While In others there was Increased electron

density. There was fusion of the foot-jacocesses of the podo-

cytes. The nuclei of podocytes appeared normal but the cyto

plasm revealed Increased amount of lysosomal granules. X few

llpld droplets wew aULso noticed In the cytoplaon. The endo-

thellal cells were swollen with Increased number of vacuoles.

Ihe cytoplasm of the endothellal cells were thrown out Into

numerous folds. The mesanglal cell cytoplasm was granular and

electron dense and contained numermis vacuoles. The endo-

plasmlc retlculxim was slightly fragmented (Fig. 95). The

protrudckd portion contained mitochondria %dilch vmis larger

than those seen In other locations, "nm nuclear membrane

was very promln^t and was semi as clstemae In some places.
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fig* f* Oegtialitle tdth aMoelaifid eoagMtiosi and
tiamnrtuiga o« vlmcaX enrgaiia
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fig, 10* coeloaocaa with aifantratioii 9M intaatina and
yoik oao. flit arobrfo on tht Imtt atioift htok
tbnmemaUtf and partial hamiation ctf beain
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fig* 15. mttaKfO tShmOMg agnathia

Fig* 16. iSatatfO ̂ th oranloac^sia and iiQ^parfaot deveXop*
meat of skull bonaa
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Fig. 17. CyaXapia mSatyo with two tippior laeaks.
cranioschlais and hamiation o£ yolk

m-

Figa.lS & If. BMfaryo blowing v0^mtXon in the aiae and
genaraliaod oo&&m (Oxytetraeyeline
adroinistraticKn)
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Pig. 20. Two enftxtyos ai the left (Chiytetraeyclliie
adiBinietratilon) whl^ a*e seduced in slae
compered to the normal on the right

Fig. 21. Reduction in size of the enibeyo witib hemleticm
of the yollc (OsqftetreoFellne adteilnlatratlon)
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Pig, 22. Uver - 18 day old «Bi»yo (09<yt*t*»eyelia») •
itMica la dlffuaa parandk^pmatooa daga^atlon
asid fatty cdiaiiga. H & s x 400

Fig. 23. Kidney - 18 day old omlbiryo (Oxytetracycilne)
Tubular epithelluan atiowa aaiwre dagwaiuratly*
gliadagaa. h & b x 600
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rig« 24« BasaX cranium 18 day old embryo (Os^etracycline)
Xrregular arrangement of cartilage cella with
imperfect matrix formation* h £f s x

Fig. 25* Bom - 18 day old embryo (Oacytetracycline) *
note is^jorfeet ̂ londrogenesis. Many of the
cfKmdroblfltfte appear flattened* H lit B x 4CX)
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rig. 2i« B0fi« • 21 Ascf old esSsseyo (Oxytet£»o]fclin« )
There Is Irregular calcl£icati<»i besieath the
perlchofidrltiBi* H & E jg tQO

Fig. 27. Bone - 18 day old endbcyo (Qa^feetraeyoline.
NURiorous tnasonch^final colls ̂ 'fxloh ha^ not
differentiated noticed. There is irregular
arrangoro^nt of osteoblasts. Few blood
veeeele ace also eeen* H & s x 400
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fig. 28. Reduotion In the alae of the embryo on the right
(Obhreto:^ atelnlstratlcai) ̂  ooapwtiaoii with
the n^nnal mttaeyo (control)

Fig. 29. lUidiuetl<aii; In size and cranloacdilale (OdbratonlJi A
adtalnletiratlofi)

Fig. 30. sefacyo rednotloB in else and heah ahno^
malltlee (Od^iratesdn A admlnlatratlon)
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»i« a#w»ai 21 day old fwflMfyo (OcfttfafeQsclii M.
note nmmraoB
not differentiated Into dhondroblaflts and
osteoblasts* H & B x ̂ ^0

fig* %%• 21 day old enflwyo
cartllegwwns thickening of ̂  vertebra with
narrowing of the neural canal* H & 8 x 100
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fSlg* 33, Eye - 15 day old erabryo (Ochratoxln A)« Htoiss
detacdvnsnt of retJlna* H & E x 100

Fig* 34« lyo - 15 day old anixiyo (CkOa^taxtn a) .
Dogwiaration of the ganglionie layer of
Retina. H & B x 400





Fig. 35. By® • 15 day old aribryo (OciuratoKiii A).
DagwMraUv® cliasigas in tl» dllary body.
H & E X 600

Fig. 36. Brain - 21 day old artbryo with cranioschisld
(ochratoxln A). Tbace Is U€|iil£aetivo neorosia.
Hot® tho presmca o£ nwnerous gllaX cells.
K & S X 400
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Fig. 37* ilnnr* gaiif^ion «• 21 old onteyo (Ocdurmtoacln h).
« ohowing dogonorotlve h & s x 400.

Fig. li. Kidnoy • IS day old anifaKyo (Ocdiratoxiii 1).
There is degeneraticm and necrosis of the
tnlxaXar epithBlial cells. There is inter
stitial oedtoiaa. H & s x 200
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fig. 39. Xidiifiy - 21 day old a^Mtyo (OcdirataaOii A) •
Sxtmslvo daganeration and nacrosia of
jlsubular epithsliwi* H & B x 4CX)*

rig. 40. Liver - 21 day old embryo (o^atoxln A) • Hepatic
cells showing daganaratian and necrosis.
H & B X 200
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Fig, 41. Heart - 21 day old emlMryo (Ochratoxln A)
Cardiac fibres showing myolysis and
fragmentation. H & E x 400

Fig. 42. Heart - 21 day old «nbryo (Ochratoxin A).
EndocardiuRi showing button like protrusions
of cardiac muscles. K 6 E x 400
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fig* 4t* Biiraa ofi fabrioius « 31 da^ old anlacyo
(oduratoxin Ttmm is notsroaia api«
thellal and lys^phoid oalls. H & B » 200

fig* 44* IS day oid
•iMWiiig dai

CCitBininy* x*iv«r and Iddna^r
vo Giiangaa* ft & B x 100
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Wg. 45. Brain 13 day old aoliryo (Citdtiiti) • Habm
oodTO of dloaeophalon. H & B * 100

Fig. l^dnoy • 31 day old onftaryo (Citrlnin}* llQ»fe« aiPltte
o€ oaioif lQa%loii« R & s x 400
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#ig« 4t« Wm «• %% <l«y old (Citrinla) • nmmswia
Coot o£ c^otileation soon. H & E x 400

Fig* 48* 21 diY otd emtxyo (Cltrinin) alioicliig oodMMi «iidi
haomorrhags in tbo sobcmtia and mtisoloa o€ tha
naele nagitxi* H & X x 400
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Fig, 49, Kidney • 31 day old oMbiyo (OolirtttoodLn A ami
Cltrinin)* DiffuM naecosis of tho tubular
•pithelitBB of the kidney* H A B x 400

Kidney * 31 day old enibryo (Oohretoxin A end
Citrinin)* Bxfeensiee degenncetiofi and nearoaia
of tubular epitheliuni* ifote the awoUen
gloiaeruli, H a B x 6C^
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Fig. 51. Ltver - 1ft day ̂  «Hl9cyo (oairat<»clii X and
citrinin). Diffuaft nwoaifl with oonflumft
axwiui o€ haonorchage# H & B x 400

'tif

Fig* 52* Buraa of Falxriclits - 91 day old aaSxryo (OcixnitaiclBi X
and citriniit). Notw diffuse degeimition of
iynqphoid eiemenf» K ft B x 400
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Pig. 53. Bocw • 21 dey cad (oe^atGxscii} h moA
Cltrinin). thBCtt is distxtrbad etiondcogenesi##
ostaogsnasis and csioiiicsation* H fit B x 400

Fig* 54* is day oid mixcjfo CodhrotoedUi A and CitEiniiiK
varMbra fiSimciiig isitmtmit, as^iogaiiasist
H 6 B X 200
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rig* SS« B9»in - 11 old (Oclirotoxin a and
Citrinin)* Iloto dogonmraticm* necrosis and
oedema* a d !5 x lOO

rig* Sft* Liver • 10 daor old msSXfo (Avian influaiiia viruey
18 iMyirs post>inoeulatian* Htpoitio cells sliaMd
degwiera»ve changes* thnte is cengestian and
hasmorxhags* a & e x
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Pii.g* iT# 10 day oXd an^aryo (Avian infiuenaa virus) -•
18 hours pcHit inoeuiation. oeg«iarati«i ani
sloughing o£ gut epitheliun. H & S x KX)

Pig. S8« Heart «• li day old askhryo (Avian inflxMOsa virus) •
^ hours post»inooulation <• i'fyooardiiira ^kswiiig
degemuration and fraga^EitatioQ of aatsoie fibers*
HonoRuclear infiltration seen* H a B x aoo
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rig. S9. ioamy « IX day old oinabKyo lofluttaaio virm) •
48 hours pos^^iaoculatlon. NOcrosis of tidiiilsr
oplthellsl oollfl maS imsorotltlal rasiiomiolear
rt^etloQ* H 6 1 ai 400

rig. 60* li day old meSxyo (Avian InfluosoMi vims) -
48 hours post>*laoculatl<Ki* Potrtlcn of tiie guh
iteming OngmmtmAm of llolog oplthoUin*
H O B X 400
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6Xa Xi day oXd anAacyo (Avian Influanaa virus) «•
48 tours post-lnoouXatlon portlcm of the gut
^towing presence of nKmonucloar cells In the
Interstitial tissue. H & e x 300

fig. «2. By© - X2 day old enhryo (Avlaa Influme virus)
72 hours po8t>.lnoculaUon. There Is si»aratlon

estlna and aociwiulatlon of protein
rl<^ fluid. H & B X 100 p™wM.o
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Fig, 63, Brain • 13 6ay old antMEyD (Avlasa iitfl\iMisa virus) -
72 hours post-Inoculation - liqulfactlvs necrosis
and haeroorrhage, M & B x 400

Fig, 64, Heart - 12 day old esd^ryo (Aviam inflv^asa virus)
72 hours post-inoculation. Fragmentation and
necrosis of cardiac fibres - Interstitial infil
tration of mcmonudear cells, K B x 400

tig* €§• Kidney - 12 day old (Avian influensa virtts) •
72 tours post—inoculaticai, necrosis and tubular
epithelial cells with hypereellularity of glomeruli.
H & E X 400
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Pig, 66. Bleotron micrograph. Liver (Ochratoxln A).
Hepatic cell showing ̂ ct^isive destruction o£
oytopla^c organelXes partial loss o£ nuclear
snnAuranes «nd condtesisatlon of chrocsiatln.
X 18«000.

Electron micrograph. Liver (Ochratoxln A)•
Presence of ll^d droplets (L) In the cytoplaaBi
of h^»atog]rtes. x 12*0CX)

Fig, 68* Electron micrograph. Liver (Ochratoxln A).
Irregular llpld droplets (L) adjacent to
mitochondria (M) In a hepatic cell, x 18,000.
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Si«3tron ralcxrograi^. Idver (Ocdirataxin A) •
Mitochondria (M) with deformed Internal struc
tures. Giant mitochondria (G) also notlcod.
X 18*000
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Blectron mXcrograj^. Kidney (Oc^atoxin A) •
Proxijoal convoluted tubular ei^thelluBa. Par
tial deatruction o£ the brush border with the
plasma raandarane showing disruption at places.
Deformed mito<diondria <M) and lysosomesCXiy)
are also seen, x 25»000
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Pig, 74, Biectron miarograph. Kldne^^ (Ociiratoxin A)«
Fenestrated ai^aranee o£ tho midottM»llal
sujTface o£ the basal mmSxaxnB of gloinerull,
A laulGQcyte (LE) arvd an arythrcxryte (E)
astt also seen within the capillary, x 12,000.
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rig* 79* SiAQtron nlorogr^* HepAtio oaII (Citrinln) •
mntAzous swollen mitodhondria (M) with defo^Essd
cristae seen, x 25,000.
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Fig. 76. Electron micrograph. Liver (Cltrlnln)• Hepatic
cell - Thin endc^Iasraic retlculm wnd y>pid
daroplet (L) noticed, x 16.0(K)
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BXectron mierograph. Kidney (Citxrinin).
Proxlnial ccmvoluUid tubuiee icd»3vdng epithe
lial cells with varying grades of organellar
cdianges in the cytoplaann* Huroeztms vacuoles
(V) eeen. Bnolear e^hromatin eOioifittg varying

tOl eegr^atiem. x 10*000
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Fig. 78. Electron micrograph* Ktdnay (Cltxlnln) •
Tubular epithelial ceils showing organellar
dteifltructi<m« Slight condensation of
dhromatln. x 12«0CX}

Fig. 79. Electron micrograph (Cltrlnln) • EplthellYsii of
distal oofivoluted tubule showing partial lysis
of nuclear meccano and condensation of
nucleolus. x 20>000
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Pig« ao« xiAQtron mlocogr^. KiOmf (Citriniii) •
Iftidif fiMntla«:«d tubuXar epithelial oeU«
ehowiiiQ eroegasiene ana lyaie of eiuroraaUii
Cytoplemo orgaiMiUofi iHoir —iwKo
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rig« 8X» Blaotron raicrogmi^* Xtanoy (Cltrinin) •
GicmgvtXm with poaoejftM (f) showiag
£u«ien 9€ ieet-peoeewwe (fp) x 14*000
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rig* 82* Eieetron niiesogr«ph. Kidacr CCitrinin) •
undiffmnUatttd tiOmiair <^thelii»i with
ijtiXged aa!t piaaaa iwaniMPanw and vmwlmm.
X 10»000

"*7» '' ■'

^  I ~ i

^  ~ 'A?.;

'

•/ -5' 's ix'' ' ''5'





Fig. 83« FJflctroB «»p«fcoeyt« (OdhTftliaKin x
mtA dtrlaia) ♦ mtodtmndrU in\ slicwliig Fi«y-

asgFefii0 of d»M»go*llpid (L) art^Iets
peeeeafc. x i8«Q00
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M- xiiMBtuton micafOQfisii# Livwe (<k4iiPiiyGi*ioJ^^
«nd cltrlnitt) # mmxtma 9laiit raitoctfiontoi®
(<3M) 8e««i Xn the cytepiaaia a£ hefwt^wy^.
Ptaaoia siaiiljraoe dlsn^jfjed
eanalicasliMi (ac) owife«i»« g»ttlar ooofcontB#
X S4«000
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Fig, 87. Electron micrograph. Liver (Ochratoxln A and
Cltrlnln). Hepatic cell showing llpld droplet.
Note (tefonoed mitochondria, prominent nucleolus
(NL) and niiraerous electron dense crystalline
structures (C) bounded by moribraneous
structures, x 14,000.
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Fig. 88. Electron micrograph. Liver (Ochratoxln A and
Cltrlnln). Mitochondria (M) with swollen
crlstae and crystalline electron dense
structures (C) bounded by mesdxranes seen.
X 40,000.
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rig« 89* BlactsoQ Ktanajr CdoNraioidJi h mA
Citslii&ii}* Tul»Ur «|3AtI»Uw« •hoi^ iwi«^
vetsaolstiJtoii IV) o€ tiHk x 14*008
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rig* 90* Bieotron taiorograiiii* Ki^BMy {Oel»r«toxi!i h mA
dtrinia)* Tubular epithalium blowing vaiQuolAB
(V). TlMure is pwrtiaX <l0gramUatioa of «aido*»
plasmie reticuXon ae^ infflroasodl oXaetzoii
dmisity of tha eytopXaam partiaX
dostructi<m of baflHunmt mei^aiia (M*
X ̂ *000
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rig. 91. Electron micrograph. Kidney (Ochratoxin A and
Cttrlnin) • Tubular epithelial cells showing
imareased density of the cytoplaem* Note
ccmdensation of masleolus (Nli) • x 12*000

rig. 92. Kidney (Od^iratoxin A and Citrinin). Undifferen-
tiated renal epithelial colls, fioiaogenous
appearance of the cyt<^lami with few lysoecmei
(ly). X 14*000



'>.S >

4;

ra- - .. 4

i?: ̂
f  '

•k ' ■ i ft'.^'l 'v.- - ;j

^  'i/" / ' k-' RnSiiBy^

u- -^-*- - • ■ <



Fig. 93. Electron micrograph. Kidney (Ochratoxin A and
Citxinin). Una ̂ xltihellal cells of the distal
convoluted tnbules sltosing destructim 9i
cytoplaaaio organelles and plai»na laeRdscanss*
X 12ftOCX)»

fig. 94* Biectron miorograph. Kidney (Ochratoxin A and
Citrinin) • Epithelim of the collecting tulxiles
showing moderate degree of durcmatin aecumula-
ti<m. X 14»CK30
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Fig, 95. Electron ralatograph.
and Cltrinln) • Mrtieanglal cells (MO) of the
glomerulus showing granular and dense cyto
plasm, The plasna mmnbrane Is liM^aot,
The endopleflralc retlculura Is fragmented,
Vacuoles (V) present.
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S. DISCUSSION

Varioiis factors« sssogcaious as wall as andoganous, have

been attributed to causa esdbryoiaortality in cdiickan. Apart

from infections, genetic factors, nutritional causes, toxic

siibstanees and other physiological causes, it is well known

that manageiaent and incubating conditicms are significant

factors in the causation of erabryoiaortality. Variation in

incubating te^aparature can result in a nultitikle of patho

logic manifestation in the ena>ryo» Reports on the incidez^e

of embcyomortality and on the occurrence of various atmcnnna-

lities give varied figures depending on the managen^nt con

ditions.

Omphalitis and associated sapticaamic conditions contri

buted to 5% of the abnormal aiduryos, while tl:^ rest showed other

lesions. Spontaneous malformations have been observed by

several investigators and an incidence upto 9»5% (Byerly,

1930 ) was reported. The occurrence of individual tyises of

spontaneous malformations also showed great variation in the

reports published (William e|^ al« 1969| Romanoff and Romanoff,

1972), The various factors attributed to causation of mal

formations are genetic, nutritional including toxicants, and

infections. It has been reported that a great majority of

congenital malformations are due to genetic factors eventhoug^

many of these hereditary abnormalities could be modified by

the influence of environment both physical and chemical.
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Zni>r«eding has beon shoum to incroasa ambryonic mortality

duo to malformatioKUi (Sittnan sk Sk* baen

raportad that many o€ ganetic dafacts follow tha normal

Mendalian pattam of li^aritanoe. In tha prasant invastlga-

tions the aggs obtained for hatching were from hens which

wara crossed with cocIes of diffarmut ganetio Unas and there-

fore inbreeding does not seam to operate as a caiisative factor.

Detailed invastigatimti would be required to pinpoint whether

other genetic factors wara involved in the causation of mal

formations.

Sventration viscera including hamiation of yolk sac

was seen in 2380 (43.7%) of the eiiibryos examined. Coleman

(1986) reported that actopic viscera could be due to over

heating dtarlng 16-20 days of incubation. Haemorrhage and

oedema seen on the head and nmsk in this study could also be

attributed to overheating either In the setter or hatcher.

There are numerous reports on tlM role of nutritional

faotcMTs especially vitamin and mineral deficiencies in causing

malformations. The deficiency of various B group vitamins in

the hens diet has been shown to have pathological effect on

tho deiraloping embryo. Cravans ej^ al. (1944) and Couch gt

(1948) had reported chondrodystrophy and parrot beak in the

developing embryo when there was blotin deficiency in the

hen*s diet. Similarly there are niimerous reports about mal

formations like dwarf type embryos wad microroelia caused by

rifaoflavin deficiency in the hen's diet. One thousand four
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hundred end seventy thete (27 #0850 eases in this investiga

tion showed oedeiaa in the region of head and neck, soiae of

them also having oedesia in other iooati<ms also# Similar

Qhanges of oedema of miheutis museular haemorrhage were

observed in the upper «Hurvieal regi<Mi along with areas of

necrosis in the pipkng euede of eebcyos and day old chicks

by Soldati and Lodrini (i»72)# Rigdsoo fifi ai# (lt68) observed

oedema and haemonAiage in the pi^Lng muscles of embryos,

this was more extensively seen in en&ryos that failed to

hat^ than in normal chicks# Ko specific etiology was attri

buted to this ccModitien# Apart from postmral abnormalities

and t<meioosis, deficiency of vitamin * has been pinpointed as

a significant factor for such conditions# Since the Imain

did not reveal any raalacic foci it is unlikely that this could

be due to vitamin s deficiency# In the present investigation

many abnormalities wore em:ountered idiich were similar to

those described for deficiencies of other vitamins# Even-

though it can be considered that the feed is not deficient

in vitamins, there is a possibiUty that individual hens might

be relatively deficient because of otiwur factors like in^roper

absocpticm and utilisation. The role of these vitamins on

the growth and metabolism of the differentiating embryonic

cell is well Iciomi and so it is likely that at least some of

these malformations could be the result of vitamin dteficien-

cies in the hen. An experiment, after feeding specific

deficient diet in the hen and studying the pattern of embryo
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mortality and tha natuc* of malformations* oould Identify

the direct role of tlie intficme vitamins.

Similarly* defideiiey of minerals was found associated

with emibryo abnormalities, Hanganese deficiency was reported

to cause chondrod^stropliy lilee parrot beak* micromelia while

zliu3 deficiency resulted in <Kn»diti«ui like ectroraelia and

mioroi^thalmia (Blenburg 1960). As mentioned earlier

it is not possible from this study to aotm to a concltision

whether deficiency of minerals had played any role In causing

developmental abnormalities. Long term ewperimmts with the

inducticm of individual mineral deficiency in hens would be

required to spedfically assign mineral deficimcy in tlwi

causation of different types of malformations.

Poor hatchery roanagoaent including possible contamina

tion of the hatching eggs can be considtered as a major etio-

logical factor in causing embryo and early chick mortality.

The lesions of oe^i^halltls and septicaemia are definite indi

cators of Infections of the embryo. This Infection could have

been caused either vertically from the hen or exogenously by

ccmtamination. Various microorganisms like Salmonella.

£• St^phylocooGus* Mlcrocoqci^s* Pseudoiaonas

and Mvcoplasma have been Incriminated In causing orhryanorta-

lity (Chute and Cole* 1954i Orajaka and Mchan* 1985)• Zn

order to ascertain the types of bacteria associated with

rnnbryoRKirtality ISO embryos which had suspected lesions of

raicroblal infections were subjected to bacteriological
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show spooiflo losiwM to pinpoint any virai in£oetion. Hofir-

ovor this roqiiiros iNrthor dotadioi invostigation.

Saqperimsntaiiy SHMT cMiioal agents and hommcies have

also been found to eanie pathoiogioaX iesions including

severe teratologieal Mtoets* These £aetors do not operate

in the present ccMaditiee*

The importance of nyeetonins in the causation of patho

logical lesions in the e^t lairds and tlmir lileely storage

in the yolk focuses the necessity of i^tifying the myeotoxins

as specific factors in eausiiig mortality* teratologieal defects,

pathological changes sod growth retardaticm. Xt has been

proved that ochratoadLn k is termtogenie to the mammalian embryo

(Arora, 1982) and that toaeins like aflatOKin and citrinin are

also likely to play significant role in causing «nbryonlc

lesions (Wyllie and Morehouse, 1978) • The feed giv^ to the

hens occasionally contained varying quantities of myeotoxins

like aflatoxins and oc^atoocLn (Haryraima, 1986) and the

lesions in the enOnryos suggest the possible involvement of

myeotoxins in at least causing some of these* Xn order to

assess the pathological alterations and cytological changes,

the onbryos were experimentally inoculated with OGhrat<»dLn A,

citrinin and a combination of OGbratoocin A and citrinin.

Oxytetracycline was administmred since many similar antibiotics

are feed additives and have besn reported to have a teratolo

gieal effect.
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The •ssantiaX liist^Xogieal dbaagts •••a in w^aeef^ lao-

euiatad vith o»y««tr«eyeXiii«s wtJM in iratieus

ergans gasturoint>aatsixial. itraerii aifloEm with oadam and

ottm»d^atroFiiia, A baale intariwmiew ia tha proeaaa of

oaaifioation waa notieed. Roilo and Bavaiaiidor (1666) x^^portod

that the toaeieity of ooytotraoyeiiaa ia iailoaneod by tho

route of afhiihiatration. Oontry (1R58) found that oa^otra-

oyeUna ia fivo &k aix timaa moro taxiis idinti iaoeuiatod at

10 daya into tho air ooU aa i^on in|OQtad into yolh aao*

OxytatraeycXinoa ara aotitaiy trviaportad into tha ealia and

hava an inhibitory affact on protain bioaynthaaia aftar bind

ing to ̂  a riboaoaai partielAaCarat* Ifti)# It %»aa aXao

raportad that thia binding apfaxantiy raanitad in an iidiibl-

tion of tranaloeati^ of amino aaidkiadMm tranafar-RRA (ecaa-

prising the growing peptida e^ain) from tdha d<nior« Oaaaatloo

of protain bioaynthaaia omULd raanit in inhibiticm of oaii

nRiltipUeati<m but it waa found that 80 a riboamaaa of auSca^

ryotaa wara imch laaa Mnaitiwa to tha affaet of imHUeaeyeXinaa

(Prat, 1973)« TatraoyoXinaa hata aXao boon eonaidarad aa

irritants causing antarocoXitia, atonatitia* gXoaaitia and

idiaryngitia (Xvana, 1968) and tha praaant study eonfima tiM

Xaaiona on the alimentary tract* RanaX and hapatic damaga

has aXso baan raportad in tatraeyeXina tOKicsity (Prat, 1973)*

Apart from the daganarativa changes tha aignifieant aXtara-

tion seen in tha praaant study waa the marhad diatnirbaaea in

bone f^emation. Xvanthou^ it has ba«ai raportad tludt proiuda
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synthAsis is not as laarMly inhihltad in hi^mr anlraala as

in baetaria thara aifa inlinatiaaa in thia atndy that matrix

iormati^ by cdioniilrabiaat aat oa^wmiAant ia intarfarad with#
V

Tbia miglit haya csontribntad ta tba dyatrai^a cbangaa aa

wall aa to tha diatiarbad and daiayad eaioiiination* Tatra^

eyeUna faad a*«»plamBntaUon ia a praotioa in many eountrias,

At anb-tbari«>autic lavals of tatraoyeUna adminiatrationt it

has baen raportad that there waa inoraaaa of liais^t gain in

birda over cKwitroia (Prat* 1973) • tha mwihaniam by

thia take placM in entirely not certain b«t la often CKXiai*

^lan!njl to raault fjrora suppreaaicai of ii^aatinai bacteria ahieh

might divert part of the bird's energy from growth to the

combat of infections and its prodncta* even When overt ayaqptoma

of infection may not be observable* Mitacher (1978)* reported

that there existed a finite poaaibiUty of tetracyeUne raai-

duea in eggs which might interfere id.th hatching and in

causing orabryopathiea.

o«ihratoxin A is a knoim inhibitor of mitochondrlal

transport systems (Meiaher and Chan» 1974) and so^many of the

structtjiral alteration seem In this atud^ cxnUd v<My well be

correlated with this metabolic damage* Further, direct damage

to the meirtorane systems could itself result in a aerieaof

structural defects. Necrosis of remal tabular and periportal

hepatic cells have been reported in many apecies (Purchase

azul Thercxi, 1968i Maryamraa, 1983)* The ii^portant strwtural

alterations seen in this study were in^perfect b^e fomaation
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with mS9mm wbA dt#na«r«tioii of tha

eoiqpeiioiito of tho l»roia oad «f» and dogoiwrati'fo

and notiaroU,e c&angoo woot iflpoeifieolly ̂  ̂  dovol^lng

kldnoy and Xkwmt^ towea t/Mmtogonie aetiylty of oc^atoaiin A

haa boon <tenonoiuratod la baaiotoroi rato# mleo and eehlekon#

Arora (1982) had olneldatod tho pathogonooia of aalfoxawtlona

in nieo by odhiratoKin A« Malfosnatlcnia of tho

jawa« tail and waa iroportod with an imtidaaeo of 40-4®56

hamato*r footuaoa (wyllio and Mosohouso« 19T8)• Ropoatod doaoa

pcodnood a his^h <Jtoao-dopMid«it ineidonoo of hoart ai^ aholotal

abnosmalitioa* In the preaont atndy apart from tho dogonora-

tivo and noerotlG diangoa* dhondrodyotP^Shio ohangoa wore alao

notiemd after oehrat<»cln A adminiatration. tho malfcmmationa

reported by oilanl 2^ (1978) in i^iielwn oatoryo after

ochratoxin A admlniatration wore mioronphthalmia. oxoiioophaly*

averted viscera and reduced body aiae* All theae ffianlfeata""

tiona were recorded in the preaont study also. Detailed

investigation would be rf^[uired to attribiiM the level and

route of toxin adtaiiniatration ai^ the aipi of enbryo to speci

fic teratological defects. In the preamat study, ̂ UKpoeration

and necrosis of meaenchymal cells were miticed in very early

sta^s which mi^t probably be related to inhibition of

j^bosphorylation and stox^iing of mitoctux^Urial respiration.

Apart from frank necrosis dvuring develoiKiimeit. whiai could

result in morphological defects* disturbed differentiation

could result in in^rfect chondrogenesis* osteogenesis,

ossification and even calcification.
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mm im ̂  mlMme

pmrnm ek t3m ls(r«tii» ifls#

Qluuigtt* diiaeiag tijn •uriy •tuiflpi htm .in diwgip—gmfif

o2 pcHpyuxR of th* w/msmm iBMSinwaidia® i^eai <slit

©« ti* tm» by mam m tlii fib«r« mm

mxmm Mmm i«ns m eUULasy peoctssMS* Wm eiXimf ba%

•fitts am ft fttruetiiJpft pbyftieftllyi ftiwpbiilMiftS %bft tarnrnm mm

thftSft 1ft dftflftiwffttlba of oodftHtft thlft i« lai^ftftftd

with* Tho 5piigli<s8le m thft sfttimi hw ftlfto bftim feroS

to bft dftfftetlwft. thft oodomft fthi mwmmmim of mm mmml

ooaponmm aXotig with 4ftfftotlwft bono fft®wrt»loii hod oftuftod

nftfty tMETfttologioftl dofftctft in thft hftwl* JtiSMPft Clfdfl had

dMcrlbftd thangftft in thft brain and ayft of aiOiu» fofttna*

From thft ftTftiiftblft Utftratnrft it ia ftftftn that no fttn<^

haft bften coaductod on tho nitirafttntotuni aftpftotft of mm

toxieity of odhratoxin oitrinin and of eitrinin and

oehratoxin A toQftthior in the cfiicdom antopyo* fhft nitrafttmo-

tural ehangftft noticsod in the ehiek onhByonie Hldnfty and liaiar

after ochrat<nd.n A adminifttration wwpe ftimilar to thoao deft«»

oribed earlier in ohldka and in other apftoiftft. ttmro waft

increase in llpid droplet fthich could bft wary well corrolatftd

with impalrraent of protein ftynthoftift* In a ncNEmai cell a

Upid acceptor protein is producod by rough «ndepla«nie rftti*

culum. This in comhination with trigXycftridea are releaftftd

into blood. Xt la lilcely that the damagftd end^lanaic

reticulum depreased the ayntheaift of lipid<NMo^pftor proimiin
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MMh is ■gPiHH.ifclilfc m UpiM M ̂  «»U. tb«
<^«iigM in tii» mem awi ■mam9mim w^iMlim mm
but* for this* *b» eflpiiifii

la tba imornr tfeaa iM m ismtk m mxmxrn
tanl ttXmmsXmB wasa worn liiteiwiaa ia ̂ SlffasaatlaMNi ai^a
thaa la wiai^ftiTOBtlatad eaUa aasgaata tiiafe t«w%

eould ba thoaa ahasa mataballe imetimB a*a aall dall«Mitad
or daaalopad. Tha cdiongaa la tba gleamiU am »alaly
cdiaraetarlaedl by tba ianaatrataa aa%ara tba aadat^Olal
aarfaea of tba baaaaiaat mabraaa laA 6m99» to tba foot

proeassaa of podooytaa. Tbaaa cdiaagM la tha <^ob aateryo
aare Idaatleal to thoaa daaei^bad by MaryiMina (IMIl) la 9®*^
aftar aaparlmaatal admlalatratloa of oqfiratOKla. iba ao99a»ta<S
that oebrat<»cln damagaa tba oaambraiMia of tba adtoobaadrla
Inpalrlag aazyaa actlvltlaa with ooaaacpuBKt dlatui^aaea
caXXular fanotlma* The faaloa of tiai foot prooaaaaa aXm^

with fragmantatloa of tha baaaaiaat wMbr«ia nl«^t raaalt la
glomarular da8tractl<m and aoald f aelUtita paaaaga of largo
macro raolecula. la a lathaly lajurad caill tha damaqa to tha

mitochondria waa not aalactlva bat gaaaral rapraaaatatloa of

ovarall cellular damage (Marymwia* IWSK SUlag (1#79>
damematratad raductlon la tha iMstlvlty IWPH tatraaoliuw

raductaaa and succlnata dhrtiydrogaaaaa la tba apltballal cwlla

of the proximal cwwolutad tubulaa la axpwrimMttal ocbratosel-
cosla In pigs. Radueti<m la tha activity of thoaa oaaynaa may

cauaa dteeraasad function of trlearboaorii® add cycle of tha

raaplratory chain raaultlng la oaeldatlva pboapborylatlOB,
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Tiiis Iii«y e«aw in mm pmrnmrn Mm m

tmsM iM M ummm mmm mmu

TIM M rnmim mommiim nttieulm miaXlj

ohtuatftiA iji the hnpeftln ctli* *lii« m t<MciiW kwi »9t

obMirved la the ipseeeat staay o« eeheree es^poeed to o^ureteaela*

Thle might be doe to the embSTtalo netitto Ot bepetlo oelle

etoere oegeaelUr £uoetioiieI ̂ peeiiieil^ ooald aot heoe devo-

Xc^ed oae dee to eXtemate metebolio omBteteity pMmcr*

tlM Xlvor it oM ioaad that thwre mM iweiFoaee la the peti-

ch*Tifftiitl*y gffaauXe# la the auoXoaot laorWMe la pofflelwerotidLa

graauXea haa beea euggeated aa an ladloatear ei ln^^alXHent of

ptoteln ayatheala (DerwiaMil and ifofae* Xiirs)» Xiieireaae la

the aartbei? of cytoXyaoaomea la a gmiraX Indleetor of MbXethaX

Injuzy to eeXX, MiasXeoXar fsagnaatatloa ooiaXd be dae to meta^

boUc derangement doe to ATP ̂ flelea^ or imilbltl«i of MIA

ayatheala aeoondary to metaboXlo dlatuxtMNi^ (flhOfKHradM m

1970) • MaXXory bodlea aa deaerlbed by tteiyaana (1983) la the

Xlver of goata after aAalnlatratlon of oehratoxlB m not

obaenred In thla iaveatlgatlOB«

Oediratoxin A haa be«a ahoMa to liii|>alr the devoXopment

and hlatogeaeala of Xynqphold orgaaa* Xlver* apXeao!* kidney*

adrenal,Xanga* cardiac aaacXe etc* la the laoaae foetaa* Thla

la In agreement with reauXta obtained In thla atody idiere the

embryOf In gencnraX* waa reduced In else and hlatoXoglcaXXy•

the organa appeared hypopXaatlc and ahowed poor ceXXaXar

differentiation* The degenerative chaagea aeea both In the
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•pltlwUal and »« tli« dawioplng l»tw»»

of fabrlclua and li«» fwid% al^aifleaae® ®lne« tho»«

«BA»xyoa ifliicih ^mx9 mtffwmd oi^xsfsaaciB A wamld lia iamnino*

d«£lei«iit «v«n If tlwy

Tha pathologieal In tAn inlxryo aftar admi

nistration of eitrinin maso mainly eharaetoriaod hy doganora-

tira (diangas in tha Icidii^ and liyaTi mora saaaraly in tiia

kidney. Thara lias no apparent dlatnrbanea in bcma formation

in tlia andaryos aacposad to odtiratoaeln* Ch«9droganaais<

osta<^astio proHfaraticm and qalcificati^tt WMfa found to ba

normal* Bat ganaraliaad oadaraa was a eharaotaristic faatura

in eitrinin toxioity. In addition to tha daganaraUva dhangas

saan in tha kidnay and liver tha aplthaUal ealls of tha

ciliary body also showad mild daganaratlva ehangas batuaan

the conjunetival vascular layer and tha sclerotic coat* It

is not possible to say Whether this altaratioci was spM^ifle

or only a raanifastatl^ni of tha daganaratlva changes as saan

in other organs* Similarly it could not ba ascartainad iftiathar

process of calcification sacsi in tha kidi^ys and liver after

eitrinin administraticm was specific or not* It was reported

that in rats fad toxic cultures of P* eitrinin. daganaration

and dilatation of the tulsules were acooeqpaniad by mlnaraliaa^

tion of debris within the lumen at the cortioo medullary

junction (Wyllie and Korahouse, 1978>. It has also bean

reported that tlw moot striking pathological changes caused

by eitrinin in aaqparimental animals is kidnay damage. But in



74

Uvi/iW6i£«»bie dtimgtm mm •iwi •hamemA in ®«inr organs in

tho dh$Myt oBtoryo. mmmmmmmX rnxmOjomtlmk rmmim thnt

paihologieal nitorafcim mm mrnm in tl» tnbaUr coila oi

tho Xidnoy. In mm milM tht WPganoUar cfliangoo indieatod

eoB^loto nocrooia oliiio in othora «»ro «oa <wiiy modoroto

dhangoa with aaoUan wimmmmiM, In g«iorol. tho n^goa

in tho mioloi woro net prtoieMBaeod and tho intonaity of damogo

waa HOMPO in tho moaaarano atructnroa. In tlMi kidrwiy aia© tho

ultraatructnral ehangoa in tho gloiaanaU woro not aa pronouncod

aa in tho tnboiar opitholium. Tho podtoeyto foot proeoaaoi

ahcnrod only a alis^ht diaoriontation. In tho livor tho uitra-

atrudtural ohangos woro vory minimal, ovonthou^na fow oolla*

ring ahapod nucleoU with doaegrogation of nneloolonaoia and

granular coiiq?onenta waa noticod. Tho aogrogation of filanon^

toua compononta from tho granular oemponwEita ia eenaidorod

rovoraiblo (Ohadially, 1982). Siraard and Bornard C1944)

poatulatod that nucleolar aogrogation proh^^ly roflocta DM\

binding and inhibition CHA dopondont mk aynthoaia boeauao

of tho loaa of traqplato activity of 13K^• Tho intonaity of

pathological altoratiaa aftor aimultanooftta adminiatration of

oGihrat<nein and citrinin waa moro than uhat waa aowt when

ocfiratoxin and citrinin woro adminiatorod aoparatoly. Tho

quantity of citrinin and ochratoxin adteiniatorod waa half aa

that «^n the toxins were adniniatorod individually. In tho

liver in addition to tho dogonorativo aiangoa soon whoa
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odtamtaxXn h and m adninistrnd timxm appaaxad

to bo daraago to tiio s^dmXme iibwo irwwiitlag In foei o«

haonoricliogo. Uron wim tb« l^oifwr doM of ooiivotoaein dio-

turbonoo in bono ifoo oioo warn indieoting eioariy

that ovwi amali doaoa mmmi diatnibroo in laS^odsogm-

aia, oatoogonoaia mA eaieifSeation. Zt ia Ubaiy that tho

toxicity of ochjpatoaia > *aa aynoagaatioaUy affoetod by tho

aimltanoooa adiitiniatiati<ni of eitrinin. Tho oarly tc^ogcn^

^eai and csollniaa aitoraUoaa inducod by thoao agwata may

ffoll be tho initiating evonta ioading to tho pathoiogioal

manifoatationa notiood*

The roaponao of tho ehioh oabeyo to tho inoculation of

avion influonaa virua waa general, uith vaaoalair, coUular and

dogonorativo roaetiona, Bvwithou^ there waa generaliaed

o^eatimi, emigration of hetoroi^la waa not a Oh«raeteriatic

feature* The virua mi^t have oauaed aovere vaaeular injury

eapooially to tho endothelium aa revealed by oedema in tnany

locaticma including the brain* Oc«aaionally haemorrhago waa

also noticed. Zt was very evident that the virua had marked

cytotoxic action aince there waa degwoeration and niK»coaia of

cella of the paroni^ymatoua <»rgana* Zn tho heart tho i^fo-

cardial fibroa iMre found frapemted and there was myolyaia*

The myocardial fibroa wore found Mparmtod by aevere oedrmia*

It could not bo clearly ascertained whe^ier the degmorative

changes of the neurons of the brain were primarily duo to the

action of the virus or 8ec<»idarily due to the aevere oedema

that waa manifested*



Tht oelluXar wnsetloB® mainly racww*nuel«ar and by

light. ralcHfoaec^py It;, tw iowHd difficult feo Idanblfy idwthar

they are lya^phold oella er mafflrc^ges ®r other nndlf £eren*

tlated oelle of the hemeialestle type# tventhoas^ there wa»

eevwfe coi!igestl<Mi idiwi ewwiined et 18 hoiira^e*lgratl<Mii and

InflltratlMi of the heterepidUUi ii»e not i»»tloed* It was not

evident from thle etudy leather thle fallare of emigration

was dwe to the funotlonal laoes^^etmaee of the eells beeause

of the early stage of the eeibryo or due to the Inability of

the endaryo to respond to the <^iemloel aiedlatws to Initiate

emlgraUon or due to toe Inability of the embryo to elaborate

the ohemloal msdlat^cs themselves* It stould be vDrth-whlle

to study this aspeot to olarlfy to what age the ehleXen

embryo can rei^pond to different antigens by Initiating cellular

omlgratlcNEi and antibody production*

This preliminary stiidy has Indicated moMutous areas for

further Investlgatl^is* Some of these areas would be (1) the

level of raycotoxlns pres«at In the eggs tom the hens are

esgjomd to feed ocmtalnlng mycotoxlns« (H^ the actual time

of Initial esqiosure by a torlcant and Its level whito wsuld

have a teratogenlc effect, {1U> the sto^llular mechanisms

tolch would Initiate morbid processes In the eniucyo and

(Iv) the factors associated with cellular response and anti

body production In the chlcb embryo after antlgenlc stimula

tion*



^ummaxij



Thl» study wss ̂ adueUid to assoss ths iiaturo of snlHryo*

mwrtaUty In ha%«diojfios. to find out tho posslblo oausos and

to invosUgato tho pathoanatenieal foatutos of anfjcyopathios.

A totai of 5440 onlbiryes (out of 32*700 oggs sot) idiiOh fallod

to hatch «m tho 21st day was studied pathonorphologieally*

Out of those* 150 iiibsyos which shewed signs of infection

irese subjected to bacteriologioal investigation. Zn order to

ascertain the role of various agents in causing snortality and

nalformtions in the eitbryo. eiqperimental studies were con

ducted by inoctaating Oxytetracycline* OOhratoacin A* Citrinin*

a oaabinatimi of Ocfiratoxin A and Citrinin and avian influensa

virus, mtrastructural studies were ccssuhicted to elucidate

the subeellular ̂ langes in the liver and kidneys of the eaOsryo

after aftadnistration of Ochratoxin A, Citrinin and a caeOaina-

tion of Ochratcaein A and Citrinin.

The various abnormalities noticed were early embryonie

death* curled enbryos* dead in shell* live sticky asahryos*

oedema of Iwad and neck* on^halitis and septicaemia* gastro-

scdiisis with hemiation of yolk sac* coelosoraa* dwarfs* curled

toe, raicrophthalraia, anophthalmia* brachycephaly* parrot beak*

crossed beak* brachygnathia and streptosomia. A few oases of

diprosopus* polymelia* ectromelia* thoracemelia* phocomelia

and duplicatus were also encountered.

Sixty per cent of the enOaryos examined had double or

multiple defects. Twenty-seven per cent had oedema in the
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vmgim oi the lie«a maA mm» m tliiiM» hteteleglceily these

was isegMmteticm and eyelysii ef fihm* 8adh dhaB9M eoeld

be dee te pesteral ahnesnaUty* teacleeeie er witanin l deii-

eimy. «i4rty-ei#»t per cent ef eaem be^eee ef their poor

deyei^pnant iadieated eariy enhryonie dMdcli# that is befose

10 days of ineobatim. Ten per cant of M ssiivyos were small

in sise and had a enrled appearme« Ths sine of the anisEyo

indleated their death had ooeurred beteesn 10th and %ma days

of incubation, osarf embryos oonstitK^ed U«3K (tetal SIS}*

Out of these SS showed extsems ahortness of leys and 70 eases

revealed haemorrhayes in the liver* kidney and heart* Ittsto-

logically there was degeneration and necr^e of thMe vegans.

Among ttMse dwarf embryos 22 nmnbers hyd generalised

Five per cent of the eases sevealed omphalitis and

lesions of general septicaemia* This was seen in embrye

idMse these was hamiation of ydk sac as well in those

where the yolk was retained within M bodr* Ihodred and

fifty of these ena3ryos were sobjeeted to bsetwrielogieal

examinati<m. A total of US bacterial isolates was made and

26 samples showed the presiBice of more than mm type of

organism. The organisms isolated were ^SSmf

&8s&9sl»« listiUiase masmm* coufosms*

Proteus. PaeudomMias. Alkalioenus and Aerossmas* Coatamina-

tion of the hatching eggs c^uld be the factwr fcur yoUe sac

infections and septicaemia.

Fifteen per c«it of the eidbryos wttte classified as *dsad

in shell*. They did not reveal any malformationa
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for modiurate dogrM of oowoUoii «id dwiMiroUvo ehmg^m

in tho Uw wiA Hian^ijrif May®# "

•Uv« oUacy' con»%lt«l»« Wt Gooloooan (7»8t*) w ehame-

twriaod by ovontrnUon «f wlod fro« loops of

Intostlnos to ontlro sooii ootsldo tho body.

Ilio alxKaEraBlltleo sad dofcsnaitios of boM and oartllago

oncountorod ooro boak abooaaalltlos Uk® parrot boak (2.3*)#

orosswl baak (3.6990# bra«®>3rgaatlila (0.28)0 and ag^athla

(0.02*)# mlcroHialla (2.t!0# polyiaalla (0*02)0# octroraolla

(0.02)0. curlad too (4.49)4). braclqre®ph*ly (2.!D4) and oranio^

sehlsis with oneopholoooolo (11.03*). In oranlosOhlsls, thora

was partial failuro of the fusion of eranium and homiation

of the brain. In suoh cases brain was ealacie with neuronal

degeneration. It was siKfOOObSd that many of these develop-

mental defects could be due to nutritiemal faetcufs or due to

toxicants. In 2430 embryos (4S*) various types of malposi-

tlons were obs«eved. They were single or multiple.

Tlra other malformations encountered were few in number.

When OTsytetraeycliimi was given to 8 d«Q^ld mmxryos# only

47*S* survived at 21 days. The rest died during various

stages of incubation* The mean average weight of the embryos

that survived was significantly lower than that of ccmtrols.

Degenerative Changs were noticed in liver, kidney and diges«'

tive organs. Generalised oedema was observed. There was inter-

ference in clumdrogenesis and osteogenesls and calcificatimEi.



It wwi pomsaimtitA mm mm mm trnrn mmasmma t® ti*

dtiaagM i& m mm*

Itt th» group of Mdacyo® immMrnA Mm marnmiM h,

m di«d and ihoMOd a marM maaetioii 1» «4»® and aai^it.

Tim artirjfriB whldti daad at vasiotts atagpaa ot ̂ ae^batl«a

atloipad iBg>ayfact organegaaaaiaa fisaapa liaa mmmd degenwca-

tioB and naeroaia of tha oalla o< aacioita datalapiad asfana*

Aberratioii of MaiaiiBiaiit waa aaaa la ttoa wmix»g hmm

raauXting aaaa in araaaioaqhiaia in a iaif aaaaa# i^Un^^patto*

iogicai iaaioaa a«ra oonaistantiy aaan iM tlia asfa# In tha

ratina* thara waa datacdniant foiding of tha gangiianiq

iayar« Doganaration of tha iirnpliald aiaawita of tha daaa-

Xoping tl^mua and buraa of rahrieiua waa alao aotioad* Tha

nltraatruoturai dhan^a in tha iiaar aiid ItJUbiaya aaia mainly

dharaetariaad by damaga to tha miHhrana ayatan* fha nito-

chcHidria showad ehangaa varying from awaiiin^ to aataia daa-

truotion of tha organallar struotoraa. l%»a aaa ixmgmm-

tion and dagranulaticm of tha roa«^ dodi^^aiiiio ratieulaA.

Lyaoaxmea wara proMnt. Nuelaar dtiangaa rafJUratad tha dagraa

of injury to tha oalla. Thara aas modarata daatruotion of

tha bruah bordar of the praximal eonvoiutad tuhula. Tha

dhan{;^8 in tha glomaruli ware mainly ecmfinad to tiw baaamant

moBdsrana and podocytaa. There was an inoraaaa in tha fana*

stratad nature of tha endothelial aurfaoa of tha baaammt

membrane and damage to the foot procaaa of the podoeytoa*. It

waa euggaatad that ainea ochratoxin X waa a Icnoan iahihitor
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of witoolioodrlal oyotOBUi many of tho wmumxrnl

altorotimui esoiild Im &ux9ll,mitmd to thio rootabolie ehanga

and tho moltant dioMM diiltemtiation ooold sosolt la

invorfoet cHrgaaoganooio faoludliig o^;iMdr«tit^e «diaiigoa.

nmrrn iraa 6t»SK mmrtaUtf tha owbeyoa woro Inoca-

latod with cdtrlnia# Tho oaOMsyoia that aturvivod had algalfi-

caatly lowor woi^it thaa eoatsoia, Tho oadacyoa which diod

beforo 21 days shOMOd gmral csoagostioa* dogoaoraUan aad

noerosis of waxioas oxgaas* Tho fSmilOi»ii^ boaos woro

appamtly aoziaal. Za tho braia thoro was sUgfat oodoma of

tho dioacsophaloa. Tho onOaryos that sasnriwod opto 21 days

also idiowod dogoaoration aad xHierotie chaagos ia tho kidaoy

and livor. Caloifiod foei woro also aotiood in thoso oXgans.

Zn throo oasos t!M» opitholial colls of tho ciliary body of

tho oyo shoiMd slight dogonoratioa botwomi tho oonjimctiiro-

vascular layor of tho ciliary bodios aad sclorotic coat*

Slight oodoma and dogonoraticm of tho brain was also aotiood.

Tho ultrastructural changos ia tho livor associatod with

oitrinin toxicity woro mitochondrial swolliag with damagod

cristao, ring shapod nuclooli with dosogrogatim of aiaoloo-

lonoma and granular compononts* partial lysis of plasma

raambrano and prosonco of dolari in ttm bilo caaaliculi. Za

tho hidnoy tho opitholial colls of tho tubulos showod tho

sovorest form of dama^ with somo colls shewing organollar

changos itwSicativo of advancod noorc^otic (^langos. Chromato-

lysis was partial or comploto with occasional lysis of aucloar
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Mndtirano* SU^st fwtUlaff with mxiUsgmmA of tli« mkns

aot^astxmat to oo^oto tt9km of tho osiotoo was noticod in

the mltodhondria. la the flORieniU theare w mild to eevere

wielUag of adtoehoadsle of podoeytee# meetagUl cselle»

«Bdotheli«l cells sad cells Uaiag the Boma's cspscle*

theee ass ocessimsl faslim of podteeyte foot-»piroeesses.

There was 87^ IX mortality of embryos In grou^ inocu

lated with the ccnhiaatimi of Oshratoaeia A and Citrinin.

There was reduction in weis^ht of emhryoi that surviired apto

21 days and the raalfomiations noticed were craniosChisis*

hemiation of yolh sac» curled toe and ewentration of viscera.

General oedema was also observed. ^Rie histological changes

in the liver, kidney, alimentary orgaas« thymus and bursa of

Fabricius were severe degeneratioii and necrosis. Interference

in the chxmdrogenesis, osteogenesis, ossifieation and calci-

ficati<m was noticed in the bones. The il3^-developed cranial

bones resulted in intperfeot fusion resulting in hemiation of

brain. There was oedema of brain and degeneration of neurons.

Zn the eye there was degeneration of the ganglionie cell

liters of the retina moA epithelial cells of the ciliary body.

The ultrastructural changes seen in the liver and kidney were

more sevem than what were observed in ochratmcin A and

citrinin toxlcity individually^ Ring shaped and giant mito

chondria were observed. There was degranulation of ribosoraes.

Zn the Kupffer cells there was increased number of lysosoroes.

The organellar damage was more severe in the proximal and
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distal cbnvolutsd tatoitlM than in othar parts of th® lcldn®7.

The basorasnt sMHtibrasMi of tli® gloaiorttll was foiuid to have lost

its hsmogsAous natttra aad th®ir® was fusion of foot proeos^s

of th® podoeyt®s« it wut obs®rw®d that th® toxieity of

Ocduratoxin A and oitrinin was synorgiotioally au|pB®nt®d by

thAir simiiltanaous adteinistration*

The raspons® of th® ohiek aidaryo to th® inoculation of

avian influenaa wi«*s was charactarisad by ̂ naral vascular*

cellular and d®g®n®rativ« changes, Evanthcugh thar® was

general congestion# hatarophilio infiltration was not a charac-*

teristio faatur®. It could not b® ascertained frora this study

whether th® failure of heterophilic emigration was due to the

functional incoi^petence of these cells because of the early

stage of the emaaryo or due to the inability of the embryo to

respond to the choRical mediators or to inroduce the chemical

mediators themselves. The cytotcneic action of the virus was

evident by the degenerative and necrotic changes of the

parenchymatous organs. The rayocardiura was fragmented and

showed nyolysis. There was general oedema, Neuronal dege

neration and liquifactive necrosis were seen in the brain.

This study was helped to elucidate the pathomorphology

and some aspects and the etiology of mmbryomortality in

chicken. The histologioal and ultrastructural aspects have

helped to identify the cellular and subcellular events asso

ciated with mortality and teratological defects in the

chicken embryo.
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ismcT

Th» nature ef wi^irjr^iwPtaUty in hatfltoarlee and the
poseible oaueee lor enaaf^thiae eere etudled. laqperi^
mrotal etudlee were cond^d by iiwcolating Oxytetracyellne •
©i^ratojcln x. Cltrinln ail a CMSwMnatiaa of ocshratoadn A and
Citrlnin and mrim Inflwiaa virua. tatraetructural etudlee
were conducted to elucld^e the eobeeUalar changee In the
liver and Xidneye of the atocy© after adainletratlon of the
■Oreotoxine.

The varioue abnomaJjtlee noticed iiwre early eraibrycaiic
death, curled eehryoe, d^ in shell* live etloky erabryos,

of head and Mch* lo^faialitie and eepticaeeia* gai^ro-
s<fiieie with hemiatlon ^ yolk eac* eoeloeoBia, dearfe* curled
toe. microjAithalJiiia. an^^thaliiiia* hra^iyGephaly. parrot beak,
croeeed beak, braetoygnatba. etreptoeaeia and a few oaeee of
dlproec^. polyraelia. eflcoiaella, thoraeowelia, phoeenelia
and duplicatuo. Sixty cent of theee erabryoe had double
or sniltiple defects#

X total of 115 bact^tai ieoUtee was raade from a total
of 150 einbryoe and 26 eailLee showed the presence of ware than
one type of organism# organlees isolated were glygSQClS™
coocua# Gorvnebacterium. foiling* hMSSSaSM^
Proteus. Paeudc«xias. •*** CoUforms.
Contamination of the hatclng eggs could be the cause for these
infections#



When OQiytetreoyeUiie wee givwi to 8 any oXd «BlMcyoe

only 47.S% sturvived npto 21 daye# «ie Men everege

of the enhryos wee eignliicantly lower then thet of oontrole.

iSegenMretire cheiages were notlMd In liirer# hidney end digee*

tire organs, generalised oedene ms Mserved. there was

lnterf«retioe In cdMmdrogeneslSt osteogMesls end oeloiflee-

ti<ni.

In the group of endMcyos dlMouleted with ochretooein X

75* died. These anflaryos showed lofierieot organogenesls.

There was merhad degmeretlon end neerosls of the cells of

various developing organs. The ultrestrimturel etusiges In

the liver end kidneys were raalnly characterised by deoege to

the iiiaiidMrane systems. The mitochondria showed changes varying

from stfelllng to severe destruction of the organellar struo-

tures. There was fragaentatlon and destructlcm of the rou^

endoplamnalc retlculum. Nucleus leas severely damaged. Hode-

rate <testructlon of the proximal convoluted tubules was noticed.

In the gloiMirull« there was an Increase in the fenestrated

nature of the endothellal surface of the basement membrane

and damage to the foot-processes of the podocytes.

There was 67.5* mortality In the dtrlnln treated grovqp.

significant red\2Ctlon In the weight of the Mbxyos was noticed,

'ntere was degeneration and necrosis in the kidney* liver and

other organs. Calcified foci were observd In the kidney and

liver. The ultrastructural flanges In the liver were swelling

of mltodtiondrla with damaged carlstae and ring shaped nucleoU



with dwMgrwgation of aaolooioiiona and granular caa^oiionta.

In the Mdnay tlMro waa aawara d«aaga to tho opithoiial oalis

of the tidioloa* Chroraatolysia and lyaia of nmsiaar wwdMrano

woro aoon. swolUng with msOaxgrnmat of tha outer

cKKKpartiaant to cnanpioto iysia of tha cariataa waa notiwl in

tha nitodhondria. In gXoraaruii thara waa awaXIing of mito

chondria of tha podocytaa, laaaangiaX c^Iia. endothallal caiia

and oaUa lining tha BOMnan'a eapaula.

In tha group whicdi ware treated with oitrinin and

ochratoodn A there waa 87.5% wortality and thara eaa reducUon

in wai^t of tha eadaryoa. Tha aorvivad aadiryoa iftiowad raal-

for!iiati<ni liloa cranioachiaia, hamiati^ of yoXk* ourXad toe

and awantration of viacara. Hiatoiogicaiiy thara waa aawara

deganarati<m and naeroaia of all organa and thara waa intw^

faraiusa in tha organoganaaia.

Tha ultraatruotural ehangaa ware raora aavara than thoaa

obaarvad in odhratooein A and eitrinin tosdeity individually.

Ring ahapad and giant mitochondria ware obaarvad. There waa

dagranulation of ribosoroes. In tha Kupffar calls thara waa

ineraaaad nuedsar of lyaoaoraaa. The organallar dara&ga waa more

aavara in the proximal and distal convoluted tubules. The

baaamant maBftnrane of tha glomaruli waa found to have loat its

homoganoua nature and there waa fusion of foot«>prooaaaaa of

the podocytaa.

ifhan the arobryoa ware inoculated with avian influanaa virus



tlMistt was ̂ tneral va8ctilar« ceXXular and <te^;^eratlini titiangea.

Hataxr^jhlla wars not present eventhougii tlMire was general

congestion.

fhe cytotoxio action of the wlnis was evidsnt hf the

degmwrative and necrotic c^tiai^yes of the pasmd^giaatoas organs^

there was fragtaentatlon and lysis of nyooasditSB. henronal

^tegMieration and liquifactive neerosis ware seen in the hmain.
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