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INTRODUCTION



i^rrij juc n  jn

During the past 20 years a wealth of Information 

nas accumulated on eoxigemc fungi, their toxins and the 

resulting toxicoses* The impact of the discov.ry of 

aflatoxicosis as a disease entity wit a a wide sp». ctruax 

of deleterious effects in  human beings and animals nas 

resulted in  tne intensification  of research on other 

mycotoxicoses also and their cause and effect relation­

ship* Reports on the carcinogenic and teratogenic effects  

of some of these ra/cotoxins have added a new dimension no 

th is problem* The range of food and feed scuffs potent­

ia l ly  affected by toxigenic fungi is  wide and tne nuznoer 

of species of fungi which are capaole of prouucxng toxins 

are also large* The fact that mor<- tnan 100 cr/cotoxins 

of varied chemical structure and organotropisms have been 

identified snows tne enormity of tne problem* Th-re is  

now an organized effort devoted to unders^naxrg and hope­

fu lly , controlling mycotoxicoses.

Mycatoxicosxs vas encountered for t ie  f i r s t  time in  

Kerala in  1964 when aflatoxicosis was diagnosed xn ducziS 

and pigs. Since tnen a variety o f mycatoxic conJitions 

have been identified in  this State affecting different



classes of Livestock, The warm and humid climatic con­

ditions existing a.n Kerala are ideally  suited Tor furu,ul 

multiplication and toxin jroduction in  feed s tu ff. Toxi­

genic fungi grow not only in  grains hut also on grasses, 

hay and straw. Improper post-harvest tecnnolo^/ and poor 

scoring conditions are tne main reasons fo r f  irg ul conton!-  

nation. One important aspect that has to  be considered 

i s  the presence of toxins in  food in  sub-letnal or negli­

g ib le  doses which over a period of time cripulo the 

production performance of an animal. Synergistic action 

and potentiation also play significant ro les in tne mani­

festation  of aon-s ^ c i f ic  disease syndromes* Apart from 

the natural occurrence of man/ of tneso mycotc■j-ns in  

grains and fodder, their residues or aatabolit,s occur m  

milk and ota^r* body tissues of animals whicn furtner poses 

the problem of mycotoxicoses m  human oaings.

Ochratoxms are a group of mycotoxlns having varied  

toxicity  in  animals* Several species of the genus 

Aspergillus and Penicilliua haws been found to produce 

ochratoxina* These fungi grew on a wide r a ijq of cereals, 

fru ic s , o i l  seeds and prepared foods under var^o^s environ­

mental conditions. Ocnrataxins hava the gen_r*1 structure
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L-p-pnenylalanine linkea oy an. aside “bond to dln/dro -  

isoc cm«rlri* They ar© mainly nephrotoxic and in  higher 

concentrations are hepatotoxic* The most toxic nemser 

of this group is  ochratoxin A which has a molecular 

formula of C^H^Cd 51 Og* The pathological effects are 

3ey_rely manifested in monogastric animals and cnicKen. 

Besides, ochratoxin A was also found to oe teratogenic 

in  rats, hamsters and mice (Hare and Sa ltier, 1 j74j 

Hood at ad** 1973). Synergism of ochratoxin a with 

stereulic acid had carcinogenic effect in rainbow trout 

(Dostor at a l* , 137S). Residues of ochratoxin A nave 

oeen delected m  tissues of pig and poultry* Tne human 

disease known as dndemic Balkan Nephropathy has been 

associated with oenratoxin*

Like most other raycotoxins, ocnratOAins a-u also 

heat-stable and survive processing operation. «*v»fcoclaving 

upto 3 hours destroys about 33 to 37* 3 o of ocaratewJLna in  

cereals (frenk et a l* , 19/1)*

It  was fourU taut many feed saiplos which rere 

ob u ainea fro  a different parts of K enla, when screened, 

had varying levels of oenratoiin (personal observation)* 

Partner, Hi ire is  paucity of information on trie v^ ious  

aspects of pathological manifestation of oenratoxLcosis
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in ruminants. So, this study was undertaken to assess 

the satnologlcal effects of ocnratoxin in the r tsinanc 

using goat as the experimental animal* Tne experiments 

war© designed to study

i )  the production of ochratoxin by Aspur/alius 
ochracsua and as per villus 3uIohureu& ^
rice and wneat,

i i )  the clinico-pathological manifestation 
in goats when ochratoxin was administered 
by different routes and in varying dose 
scnadules,

i l l )  the synergistic effect of aflntoxin and 
ochratoxin, and

iv ) the ultrastructural oasis of cellular damage 
in ocnratoxicosis*
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The ro le  of ar/eotaxxn as instrumental for tne 

development: of renal lesions m  swj.no was s isp^c ud by 

early workers in renal pathology and it  go os to the 

credit of tne Danish pataalogxst Larsen (1323) to discover 

a peculiar type of kidn-y disease m  swine in  in® Daman 

slaugnter houses. Natural cases of chronic re^al lesions 

as well as tne experimental disease orodnoed o/ feeding 

mouldy rye resembled each ocher closely and so i t  was 

thought tnat the renal lesions cnac had b .on et/c^untered 

resulted fro  a mould toxicosis. Attempts were oade to 

reproduce tne renal disease using tne xsoldvod filamen­

tous fungi of tne ?enicifliua species (Larsen, 1j36).

Since tnests- t r ia ls  did not succeed, i t  /as t id > Jit that 

some oact^ria which w=ra concomitantly present in  mouldy 

cereal might nave been the toxigenic agent. However, 

cases of porcine nephropathies encountered in  large  

numbirs in Danish slaughter houses were designated as 

"mould nephrosis".

Gchratoxxns 

Jchraboxln oroauclnc fungi.

In  a study of toxigenic fungi, v~n dar .L r 3 et a l.

(1965 b) found tnat iVed whicn were inoculamd nitn tnree



strains of A* ocnraoeus isolated from grains oy Scott 

( 1965) w«re toxic to ducklings, mice and ra ts *  extra­

ction of tne toxic principle from one of the strains 

done and tae caromatographicdLly purified toxin induced 

fatty changes in hematic parenchymal cells  of auckllngs. 

This toxic principle was designated ochraWxxn A, Subse­

quently, ochr ataxias B and C, along with ocnratoxiu a 

wave extractt-d and characterised from strains of A, 

ochraceus »/ilh (van der lerwe et a l* , 1365 a);*

3 tar on at. al* (1365) isolated Wo s tra in s  of 

ochraceus froa mouldy barley and hay tnufc ct-usua deatn of 

fa t tuning lambs and heifers* Later studi pixved fcnat 

six ota r s ie v e s  of che a* ochraceus group rfi j  capable 

o f proncing ocnratcxins* wheat inocalat d »/atn i;. nelious 

yuxav/a (M U L  5520) and A* sul Jhureus (TresJ 2hom and 

Church ( 'id.riL 4077) proved to contain eonsiden ad1~ amount 

of ocnratoxin (Lai et a l* . 136-3)* A .golerotldh, A. 

alllacQus* A, ostianus and A* oatrakli also woie capaols 

of producing ochratoxin  A and 3 (Ciegler, 1j /d}  rlusseltine 

et a l* . 1972)* aanisel et a l. (1976) isolatou eleven 

strains of A. ocnraceus a l l  of which were active ocnratoxin  

proaucers*

Though ochratoxin A was o r ig in a l ly  considered as a  

m etabolite o f the A* ocnraceus group, i t  was la t e r  i s o la t  1
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from several species of PeniciIlium also (van Jalbeek 

et a l . , 1969; C iegler et a l . ,1972). The most important 

and prevalent among tnese is  P. viridicatum. van v/albeek 

et a l . (1369) iso lated a strain  of P. viridicatum which 

was found to be a good ochratoxin producer, from the 

surface growth on 'packed ham*. Ochratoxin A was isolated  

as a natural contaminant of corn fo r the f i r s t  time by 

Shotwell et a l. (1969) and the particular sample was 

heavily in fested with Penicillium  species. Scott et a l . 

(1370) reoorted that the fungal species responsible for  

ochratoxin production m  vheat was P. viridicatum. Natural 

contamination of most of tne cereal grains by ocnratoxm a 

was found to be due to th is species of Penicillium  (Scott 

et a l . , 1972). Otnsr species of Penicillium  lik e  P. 

p a litan s. P. commune. P. v a r ia o i l i . P. purpurescens. and 

P. cycloplum also were found to elaoorate ochratoxin as 

their me-cabolite (C ieg ler, 1972).

In  a survey of foods fo r the presence of fjn ga l strains 

in  Sweden, Josefsson et a l.  (1975) iso lated Asaorglllus  

and Penicillium species m  varying numbers m  samples of 

rye and wheat; flo u r . The fluorescent strains of both 

species were found to produce ochratoxin. Torrey and March 

(1977) isolated three strains of fungi which were found to

7



be capable of producing ochratoxin. -i from samples of 

refrigerated and non-refrigerabed foods* The isolation  

and identification, of ochratoxin A from fodder barely 

coaemluatod tfith. P. verrucosum var* vcrrucosum in  

Czechoslovakia ./as reported (Vesala at a l* . 1J7~>) •

Lilieho j and Goransson (1930) found that four str~d.ns of 

P. purpurescena, one of P. vorruculosura and one of A* 

ocnraceua species produced ocnratoxin in  barley.

Ooiratoxm in  food materials.

Corn 3apples, cereal products ani oven heu^d grains 

v/era found to contain ochratoxins ( Jhotrfoll _cb u.1* , 1970; 

Tranx at a l . , 1971J Scott et a l.*  1J7Z ) • Ocnrah xm A 

was detected in r ice , whwUt, raaiza, crusic'd parley, rye, 

and oats collected from commercial food processing pi a its 

and sfcor-s of different parts of tne tforld  ̂CrogU _ot a l . . 

074; darwlg and Munro, 1975; Uchiyama et a l . , 1375;

Prior, 1376; Muzic ejk a l . , 1976} Juszkiewicz at a l ,, 1 j / & ;  

Clarke and N iles, 1377} Styrett, 1377» Sugimoco a l . ,

1 377). Moderate to high leve ls of ocnratoxin a w/ore 

detect 3d in  maize samples, barley and oats collect «.a from 

endemic areas of Balxan nephropathy and porcino nephropathy 

(Salzer et a l , ,  1377; Arogh, 1977) • Contamination of 

flou r supplied fo r human consumption, and animal issd  

stu ffs  uith Ocnratoxin A nere reported (hichardsan at a l . ,

3
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1 J'fS; Funnel, 1379). In In d ia , duo e t  a l . ( 1 373) found 

ochratox in  A m  11 out o f  130 food g ra in  aaap l s t os cod. 

d i f fe r e n t  le v e ls  o f ocnratoxin  A were found m  g r  m 3 ,  

corn , fo ra g e  and maize used m  p ou ltry  feed  f . c i o r i e s  

(P r io r ,  1pd1; devi and P o la sa , 1332).

Factors Influencing ochratoxin production.

At ochruoeus is  somewhat xerophyiic m  -inuurc and 

can grow ax; aoout SO per cent re lative humidity (Ohrisc- 

ensca, U62). Jnder optimal environmental conditions 

oenratoxm production in  significant quantiti a occurs at 

7 to 14 days of growth in  the substrate. The minimum 

temperature at whicn ^em cilliun  fungi can. produce ocara-ox-a 

was reported to be -2°0 (d is livec  and fu itc , 1j/0 ). Growth 

of fungi in  shredaed wneat at 21° no 23°3 for a p nod of 

19 to 21 days produced gooa yields of ochrntox.*ja, as saown 

ay ochindlcr and Nesnei a (J 3 70). fnnlc et a l * J  71) 

found fnat the optical t-mper-tore for oenrut j <in oroductioa 

by A. ocliracfc-us ^0,-3174 was 2i°C. The ootmal time 

varied from 7 to 14 do.ys deoendiag on tne saostrate. Produ­

ction of ocaracoxm in  considernole quantities occurred at 

25°G a fter 10 or 12 days* growth tedium containing two 

p^r cent /ease ^xtr ct cad four per cent sucrose ^Saasing 

et a l . , 1373). Lindenfosier and Ciegler (1375/ designed
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a solid substrate forcenter for the production of ochratoxin 

in  large amounts# The highest yields of ochr-toxin A 

occurred in  oaltose containing culture media from a# ochra- 

ceus in eoaparxson to other carbohydrate containing media 

(luigel, 1 976). Balzer et al# (1977) observed that contami­

nation of maize grain in sc or a houses by Aaocr ,illaa and 

Pem cilliua species was favoured by certain temperatures 

and moisture# Usually there was bact r ia l fermentation 

before confcauLnation by fungi# HesseItme (19/7) produced 

ochratoxin A employing solid state of fermentation in wheat, 

rice and oats, nillehoj et al# 11973) used a nmoar of 

species of Aspergillus and Pemcllliuia for production of 

ochratoxin A in several media. fiaximum yield of 350 jig/ul 

of ocnratoxin was ootained by  the a * sulphurous isolates 

in  the modified Uzapek medium after 11 days of static  

Incubation at 23°G#

Detection and isolation of toxin.

Since tne development of a raoid method for detection 

and identification of ochratoxins by Steyn and torus (1366), 

several workers have tried different procedures for 

extraction, purification, isolation and quantification of 

ochratoxins (Hesheim, 1959? Galtier, 1974? Lsv_, 1975$

Hald and Krogh, 1975? Hagan and Tietjen, 1975; Roberts and



Patterson, 1975). A radioimmunoassay tecnm^ae < mpl eying 

12^I-laoeXled. ocnratoxin A as radioactive antigen was 

evolved by Aalond et a l. (137b). Screening methods fo r  

mora toan one nycotoxin were described by Holanay (1976) 

and fakeda et u i. (137-5)» a sp ctroscopic procedure, 

using carboxypeptidasa A for the quantitative measurement 

of ocnratoxin A was evolved by riult and Gatonoock (19/5).

A method using the d if£ -rencea in  kinetic paramoters of 

the enzymatic hydrolysis of the two com >oun. s /as suggested 

fo r  analysis of mixtures of ocnratoxins using carooxy- 

peptidase A (Hult et a i . , 1977). Procedures lixe  direct 

tnin layer chromatographic dansitometnc identification, 

immanofluorescsnce microscopical detection, spoctrophoto- 

fluorimetric detection and hlgn pressure liquid chromato­

graphy were doscrioed (Reimerdes, 1977; f i lin g , 1>77 a; 

Engsfcrom et a l . , 197/1 Czerwiecki, 1373; hunt _t a l . , 137-3; 

Baizer ex a l . .  1973; Pot arson and Giagler, 13/3; Josef 33on and 

«toiler, 1979). in  a multimycotoxin detection _thod,

Gimeno (1973) used solvents of different prl for vxtraction 

of toxins. Screening methods for simultaneous dc turninatijn  

of 13-14 aycotoxins including oenraxuxm A were uescrioed 

oy Gorst-Allman and St@,n (1973) and faa.edu et o l. (1373). 

Osborne (1373) demonstrated a reversed pnase hijn pressure 

liqu id  caroautography for tne detection and quantification
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of ocnrecoxxn -a m  ilour ana bakery proaucts* Hunt at, a l .  

(1^T9) described a sensitive method of detection of 

ociratoxxn A in  kidney using enzymic digestion, d ia lysis  

and high press ire liquid cnroaato^ra->hy • Schwci&nardt et aL. 

(1 J3G) also employed a high pressure liquid chromat ogr-pmc 

method for rapid detect!Oxi of ocnratoxin in  substrate* 

dult et a l , (19^0) demons trat_d a method of evaluation of 

ocnratoxin in  taa feed of pigs by estimating me toxin 

cont ^nt in  blood*

PaysiG a l and chemical properties of ochratoxins*

The physical and chemical properties of acnrufcoxins 

A, B and G were studied and structural formulae /orked out 

by van d«r "lerue et a l * (1^65 b) • Jcnratoxm A was found 

to be a colourless crystalline compound, tne ?ure toxin  

having a melting point of 159°G* It  was found to oe 

soaringly soluble in wator, but soluble in polar organic 

solvonts and dilute aqueous sodium bicaroonutt.* Ocnratoxin 

3 .fas characterised as the dechloro analogue oi ocnratoxin 

A which often co-occur in cultures along witn ocuratoxin A. 

Ochratoxin C was cnoaically cnaract rised as the ethyl 

ester of ocnratoxin A, Acid and enzymatic n/urolysis of 

ocnratoxin A, yielded L-p-phenylalanine and the isocoumariiA 

acid-ochratoxm alpha (van der lerwe et a l* , 1JS5 n) •
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Ocnratoxin A was i  ound to be a ataole compound ana could 

be sxored m  ethanol solution in re frigerator fo r over 

a /ear wixnoax loss of tox icity  (Chu and dutz, 1jJO) • Tne 

4-aydroxy ocnraxoxm a also was la t -r  iso lated  Iron a 

scrain  of £» virmtoo-taaa (liufccninson ex a l»>  1^/1) • 

Ocnraiioxin A was fauna to Dim oovxne serum albumin 

(Gnu, 19/1) * Survival of 12*3 to 11 per c-nt of ochra- 

fcoxin a in  the absence of war or arid 26 xo 33 9 ~r cent in  

the presence of wuxer during autoclaving for tnree hoars 

has been reported oy iraids ex a l • ( 1 p7 1 ) • I t  wua observed 

tnat decomposition o f ochratoxin ** occurred on -jwQ SIXa* w 

to  fluorescent Ixgnt for several da/s  ̂.Neely and </est,

1J72) • Cleavage of ochraxoxin -a inxo noaxoxic ocnratoxin 

alpna and pnenylalamne occurred wnea t&ixed the 

contents of ration, rexxculam and omasum of tm  cow Uiult 

et a l * , 1976). G altier and «.Ivinene (1376) trooted ocnra­

toxin a wot a tne c~nxrifugal pe lle t of rat caecal cont-nxs 

containing microbial flora, and got oc*ir ataxia alpn« as 

tne hydrolysed product* Ix  was also uemonstrau-d tout 

tne toxin couln be aydrol/sed by che ruaen f lu id  of cows 

and sneep. ^ ste rilise ,uion inxo tne toxic ocorauoxin  ̂

also was found possible.

Toxicity in  Animals

lurafmnta.

Reports on ocnratoxicosis in  ruminants ano few. In

13



an Investigation of aiortality in  lamos, otaron _t, a l,

(1 )63) iso lated  toxic strains of A. oonraceus from 

oarley and day which had been fed to tnese la  ios. hunro 

et a l* (1973) adninisx-rad ocnratoxin i in t rw  ‘nously to 

pregnant ewea at tne dose level of 1 rag per kg buay weignt. 

The animals died in  less tnan 24 hours witnout aborting 

and the cause of death was found to be either pulmonary 

congestion with oedema or massive nepatic necrosis# i t  

was found tnat very l i t t l e  ochratoxin A pen^trat-a the 

ruminant placenta since no ochratoxin was foo.il in  the 

ewe's amniotic f lu id , foe ta l tissue leve ls o~ toxin were 

1/4030 to 1/1000 the leve ls m  the maternal blood. 

Ochratoxin extracted from mouldy hay caused c nirxlobular  

and periportal fa tty  degeneration of tne l i v - r  ~nd severe 

ne ihrosis in. kida (Snadmi et a l . , 1974). riuit at a l .

(1976) reported on the degradation of ochratoxin a oy 

rum inants. Ochratoxin A was incuoat-d v ita  t  io conu jncs 

from tne bovine stomach coaoartoents ana i t  was found that 

fcne toxin was cleaved into non-toxic ocnratoxin alpha 

and phenylalanine by the contents fro  a a l l  but tne aoooas^a.

R ioelm  et a l .  (1973) induced ochratoxicosis in  two 

calves by giving single dose of 11 mg p*r ^  ana 25 mg
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per kg boay weight of ocnratoxin A. S im ilarly t aroe 

covs which were t  irea co six  months pr -gnanfc wexx dosi,d 

v/xth Q.2, 0.75 and 1*65 ag ochratoxin per kg bouy weight 

fo r  four to fiv e  day a* A fourth cow fro  a the s<j.iso group 

received 13*5 mg ocnratoxin per kg as a single dose. The 

cow cnat recex/aa s ih g li massive dose of oc it alexin a 

had d if fic u lty  in  ris in g , diarrhoea, anorexia aid abrupt 

cessation of milk production, a l l  commencing one day 

afte r dosing. On the day next to dosing, 650 o0 of 

ochratoxin A and 4501 mg of ochratoxin alpha etre detected 

in  the sulk* Thereafter, only ocnratoxi l  aloha cm ld  

bo detected* Complete r-cov -ry  occurred a fte r four days 

but milk production n ver increased abov- ono-t kird 

normal during t i a i  lactation jonod. Co*s truot-d at 

djses of 0 .2 , 0.7J and 1.56 mg/kg for four to f iv e  days 

remained c lin ic a lly  normal and delivered normal calves.

The cow -j./an 1.6o mg/kg daily  fo r  four days r.aU ocora- 

toxin alpha in  t ie  milk on days one through s->” but 

traces of ocnratoxin a were detected, only on d .̂ys tnree, 

four aM f iv e . A l l  cows nau traces of ocnratoxin alpha 

in  milk and urine. Goats given oral ocnratoxin 3 at the 

ra le  of 3 mg/kg developed watery diarrhoea, Docame 

dehydrated and died on the f i f t n  day. Joafcrilooalar 

cloudy swelling of tne hcpatocytes was tie  only histologicaL
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lesion* A ll  of the experimental goats had a decline m  

lymphocyte count and an increase m  neutrophils during 

the period of ad ministration of toxin. Serai glutamate- 

oxaloac otic transaminase (330?) activity increased in  

a l l  cases and scrum alkaline phosphatase (^U 5/ activity  

declined, in  animals given ocnratoxin at 3 and 2 mg/kg 

level* An increase m  s^rum aLR was obs-rved ax 1 mg/xg 

dosage level* Shreeve et a l.  (1379) detected ocnratoxin a 

in  tne kidneys of a cow fed ochratoxin contaminated 

ration* Multiple small grey spots on the kidney were 

the gross lesions while microscopical examination revealed 

sub-acute in te rs t it ia l nephritis* Spontaneous occurrence 

of ocnratoxicosis whica caused mortality m  63 cattle  

was reported from Iowa (Lloyd and Stahr, 1930)*

Swine.

The cases of 1 nephropatsy* (Larson, 1p23) and ’ mould 

nephropathy* (Larsen et a l* ,  1962) could in  retrospect 

be considered as due to ocnratoxin toxicity. Iladsen et al*
i

(1965) administered mouldy barley to pigs and reproduced 

the symptoms like polydipsia, polyuria, gascroont*.ritis 

and retardation of growth* Renal amiage c mract rised  

oy atrophy of the proximal renal tubulou, thicko ling of 

the tubular basement membrane, hyalinizatian of glomeruli
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and cortical cyst formation was observed m  pigs due to 

ochratoxin ingastxan (Buckley, 1971; dlling and dollor, 

1973)* Changes in renal function a*id structure and other 

pathomorphologlcal changes induced oy pur i f  i  ad ochratoxin 

A and ochratoxin A contaminated feed were described in 

this species (Szczech et a l* , 1973 c-5 Hyldgaard-Jonsen, 

1973? Bzczech et a l . # 1974 b ).

Pattersen et a l. (1976) fed a mixture of ocnratoxin 

A ana 3 to pigs daily for eight days during early 

pregnancy. It was lound tnat compared w^th ociratoxm A, 

ochratoxin B was poorly aoaoroed and prefsreatiaily  

hydrolysed to B-ocaratoxin in. the intestinal tract. Och~ 

ratoxin A was excreted as unchanged toxin m  faeces and 

urine. Ocnratoxin did not cros3 tne placenta to tne 

foetal tisales. Tno epidemiology of m/cotoxic porcine 

nepnropathy showed similarities with taat of enumic 

Balkan nephropatny of man (Arogh et a l., 1376 u ), Conta­

mination of foodstuffs witn ocnratoxin A was found to 

be more frequent in parts ox Yugoslavia where Balxan 

nephropatny was prevalent taan in disease free zones 

(Arogn jet a l., 1977). The morphological aspects of 

mycotoxic porcine naphropachy were described ana the 

relationship oi ononges witn those of endemic Jalxan 

nephropathy was indicated by Blling (1977 b). Histological
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changes s im ila r  to  those observed in  e x jo rm e n ta l  

ochratoxxcosis were present in  mosc o i  tne k iln e/ s  in  

which ocnrataxxn res idu es  were present (  iucMyiafc e t a l . , 

1977) • Nephro jatny and h igh  cone n crati m  of ocnrucoxin  

in  Kidneys were observed 111 fa tte n in g  p ig s  two

Swedish farm s. dhole b lood  and plasma of p ig s  a l^o  

contained vary in g  amounts of o c ira to x in  re s id u e s , f  *t- 

source o f to x in  was t ru c -d  to ram -danag^d  barley  which 

supported growtn Ox tne ocru atox in  producing i u  g u s ,

P. yerracosum yar-verrucosuca. Compounded £ _d also was 

founa to oe concsunmat d with ocnratoxin ( oiuqyint at a l . , 

197Q) • Causal associations of spontaneously Qv-n rin0 

nephropathy with mycotoxins nave o-un revx^ve^, 'md. i t  

was reported tnat f ie ld  cases of perirenal ocd~ a were 

prosent in  p ig lets, tne kianoys of which contai if d ochra­

toxin a residues (Krogli, 197J? krogh et a l . , 1j7p/.

Alterations m  pathomorpholo^ical aspects aiid enzyme 

activity  of renal tubular c e lls  of pigs due to ocnratoxin 

A induced neonropain/ were elucidated by hiofcocnemical 

techniques. The activ ities  of reduced nicotinamide 

adenine dinucleotide phosphate (MAjPH) -  uetranoliua 

reductase, lactate dehydrogenase (hJJ), glue os -  a -  

phosphate dehyarogem.se and non-speoif^c alkaline phos­

phatase were reduced locally  corresponding to tne areas
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with focal tabular atrophy and the degree of redaction 

was roughly parallel to the degree of atropny (f i l in g ,

1*73).

Dogs#

At levels of 0*2 to 3*0 mg/kg body weignt, ochra­

toxin caused anorexia, weight loss, eoesis, tenesmys, 

passage of blood-stained mucus from tne rectum, high rectal 

temperature and to n s illit is  in  3aagle dogs wzcz^ch £t a l« , 

1373 a )* Pathological changes in urine including high 

concentration of protein, glucose, iso c itn c  dehydrogenase 

(iCDri), leucine aainopeptidase (LAP), glutamate pyruvic 

transaminase (G??), LDH, GOT and ALP were noticed in uogs 

in  ochratoxicosxs* Gross and histopatnologic al changes 

in  tissues and ultrastructural changes m  ki Ineys also 

were described (Szczech st a l* , 1373 b, 1974 a, 1974 l>) •

The synergistic effects of ochratoxin A and citrin in  

in  Jaagle dogs were expurim-ntally studied (Citcnen et a l , , 

1977 a,o ,c )* C linical signs of toxicosis inclided 

anorexia, tenesmus, weight loss, prostration and death 

whezi ochratoxin and c itrin in  were given togatn^r* The 

urinary concentrations of enzymes GO? and Lj [ were increased. 

Serum concentrations of sodium and potassium chloride 

decreased in dog 3 given hign doses of ocnratoxin or citrinin*
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Cellular* and granular casts, ketones, proteins and glucose 

were present m  urine wnen both toxins were combined or 

wit a 10 mg/kg level of citrin in  alone, ienal lesions in  

dogs given ochrstoxin were degeneration and necrosis with 

desquamation of tubular epithelial c e lls , p r ila r ily  m  

the straight segment of the proximal tubules, when both 

toxins were combin-a, degeneration and necrosis occurred 

in  proximal and d ista l convoluted tubules and in  fcneir 

segments and collecting ducts, dogs given ocnracoxm A 

had necrosis of lymphoid tissues in  tae spleen, -tonsil, 

thymus, peripheral lymph nodes and lymph nodulos of the 

ileum, colon and rectum, There was ulceration of the mucosa 

of the intestmo in  dogs given 10 mg/kg of citrin in  and 

0.2 mg/kg ochratoxin together. Cytoplasmic vacuolation, 

myelin figure formation and disarray of organelles were 

the predominant ultrastructural changes noticed in  tae 

animals given 10 mg/kg c itrin in  alone or 0,2 mg/kg ochraeo- 

xin A and 1 Q mg/kg citrin in , fne vacuolar lesions were 

limited to the proximal tubules in dogs given only ocnra- 

toxxn A. Ilyelin figures were in proximal epithelial cells  

of dogs given ocnratoxin A alone or in  comoination with 

citrin in .

Poultry.

itLld fatty in filtra t ion  in the liver was the important
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lesion in  ocoratoxicosis of ducxlmgs (Tharon at a l . , 19co) • 

Acute nephrosis, nepatic degeneration aid visceral gout were 

observed in  chicken in  experimental ochratox-cosis (doupnik 

and Peckham, 1969? Peexham et a l . » 1j7z )•  C lin ica l signs 

and lesions in  liv e r , kidney and intestines doe to ocnratoxin 

poisoning of cnicks wars described by several vorvers 

(Choudnary et a l . , 1971 * Chu and Cnang, 1971J doff et a l . ,

1974; rluff at a l . ,  19751 f i l in g  at a l . ,  1975). nuff and 

Hamilton (1975) reported a longer mean survival time in  

birds exposed to 43°C and 45;6 relative humidify in  comparison 

to those exposed co 4°C and 90/9 relative humidity when 

4 - 8  jug/g ocnratoxin was fed to chicxs. Comparative 

values of oral ochratoxicosis m  cnicks, turkeys and Japanese 

quail have been recorded (P rior et a l . ,  1976; Galtier et a l , .

1j 76)• Renal lesions and reduction in  r _nal function due 

to ocnracoxicosis of chicken have oeen descrlood (tvrogh 

et a l . , 1976 b; Svendsen. and Skadhauge, 1976). Huff et a l.

(1J77) reported an increase in  the t ib ia l diameter and decreased  

bone strength in  chicken due to oenr^toxicosis• Analysis 

of blood samples from hens fed ochratoxin at 0.3 and 3 ppm 

leve ls in  ration revealed a decrease in  tne haematocrit 

value and leukopenia at the 5 ppm level (tlupiC ot a l . , 1370* 

elevation m  concentration of ALP in  s -rum, doorcase m  

prothrombin time, decreased total serum proteins, decli e 

in  egg production, redaction in  weight gsnn, and decrease
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In glycogen mobilization were descrioed in  ochratoxicosis 

of rfhrfce Leghorn and b ro ile r chicks (Liker jet a l . , 1p78;

Prior and Sisodia, 1378; Bitay et a l . , 1373; Huff et a l . , 

1373; sVarren and Hamilton, 1331). deduced leucocyte councs, 

impairement m  the phagocytic activity of heterophils and. 

decrease in  tne collagen content of large intestines due to 

ocnratoxicosis in  bro iler chickens were- report a (Chang 

et a l . , 1373; Cnang and Hamilton, 1930; barren a.rl Hamilton, 

1330). The synergistic action of ocnratoxin and aflacoxin  

in  b ro ile r  chickens with regard to tne live r llp iu  content 

and enlargement of crop and gizzard was studied (Huff and 

Doerr, 133J, 1331). Chang (1 332) deaonstratcd impairment 

of phagocytosis by monocytes from fowls intox-cat^a with 

ochratoxin A.

Pathological effects dee bo ocnratoxicosis were also  

reported in  Japanese quail and turxey poults (master et a l . .

1973 J Chang et a l . » 1331).

Laboratory animals.

Among laboratory animals, rats v/ero extensively used 

in  toxicity studies with ochratoxin (fheron et a l . . 13t>6; 

Purchase and Theron, 1368; Purchase, 1371). Tne oral LD^Q 

value fo r  young rats was estimated to be aoout 20 to 22 mg/^0. 

Alteration in  c e ll glycogen metabolism was foum m  the l iv - r
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of rats wxta ocnrotoxicosis (Hunro et a l * , 1 j73 J Suzu*ti 

and Sat oh, 1973) • xietardation of growtn, rauucs-a feed 

infcaxe, raised blood urea nitrogen (BoH) leve l, increased 

kidney we±0nts and degenerative changes in vA v i the entire 

renal tubules were observed (inunro e I a l .* \ )l* i  • oenrato- 

xicosis xn rats was emoryotoxic and teratogenic (ofcill et, a l . , 

1 971; Hore and Ja ltie r, 1974} Brown et, a l . , 1u?'o> nr ore. and 

Frolen, 1u31 and Hayura et a l* , 1j32).

Hayes eb. a l. (1977) computed the o ra l L J ^  v^ lu e  o f  

ochratoxin  A f o r  24 hour o ld  ra ta  and found that i t  was v~ry 

low when compared to  adu lt r a t s  and the I g v l I  was

approxim ately 16 t in e s  low er wnon ocnratoxin  A a d  rubrato.vA n

3 were administered together* Haley and G altler (197/) 

observed variations in  c .rta ia  biocxiemical parameters in  

orally  induced ocnratoxicoais of adult male rats* Pharmacoki­

netic staay of ochratoxin A in  rats revealed binding u£ tne 

toxin to serum albumin and tne toxin was conv-rlcd to the 

less toxic ocnratoxin alpha in  tne rat caecum sGaltier,

1977)* The oral of ochratoxin A fo r mala rats was

calculated as 23 mg/kg and severe catarrhal or erosive 

enteritis involving tne duodenum and jejunum occurred within

4 houi s cxftar dosing. There was necrosis and desquamation 

of epitnelium of tne uroximal convoluted tubules* Uecrosis 

of c e lls  m  tne germinal centre of tne spleen and lymph
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nodes was the other important lesion noticed (Hunisawa 

et a l , ,  1977)• Paul et a l. (1979) reported a reduction in  

steroidogenesis by testicular tissue during ocaratoxicosis. 

Dilatation of seminiferous tubular epitnelium, c/tol/ais, 

vascular tnrombosis and hyperplasia of in te rstit ia l tissue 

were tne lesions observed ( ’’lore ana Cumguilncn, 1979)•

liitraperitoneal injection of ochratoxin ^ in  xenaie 

rats caused arrest ox oestrus cycle in tne diocstrus pause 

and f a i l  in  the activity of enzymes whicn are involves. in  

ovarian steroidogenesis• Ovarian cnolesterol aiid ascoroic 

acid levels increased fo lim ing treatnent wien ocnratoxin u 

(Gupta et a l . , 1980)• The physiopatnology of naeaorrnagic 

syndrome related to ocnratoxin intoxication was studied in  

rats by Gal t ie r (1979).

It was found that m ce ./era more resist ant to ocnra­

toxin A tian rats (G altier, 1974). In addition to causation 

of lesions in various organs, ochratoxin is  teratogenic ana 

carcinogenic in mice (Carlton et a l. ,  1970; day s et a l . , 

1973; Sansing et a l . , 1976; ZiaLn_rntan et a l . , 1977; Hood 

et a l . , 1978; Kanisawa and Suzuki, 1973; Gupta et a l . .  197:?; 

Szesech and Hood, 1979) • In guinea pigs i t  was found, tnat 

the lesions were confined mostly to proximal convoluted 

tubules of tne kidney. There was significant redaction of
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betaglobulin  ̂tichard et a l . ,  1 ?75f Thacker aad Carlton,

1171% Carl-con and ozczech, 1173). dayes ana Hood (197b) 

reported on the teratogenicity of ochratoxin  ̂ in  guinea

pigs*

3ioloi;ical s/stems for assay of toxin.

Brown (1j69) used brnu snrimp larvaa for oiologxcul 

as^ay of nycotoxins and found taat cho toxicity of partia lly  

purified ocnratoxin was five  tines lesser tnan t *at of 

aflatoxm  31. ^.eora f  ian larvae also were fooit to be 

se laiti/e to ocnratoxin a (iiooai aid 3cotc, 1 Jo . Biolo­

g ica l defection of ocnratoxxn using chicx embryo and c e ll 

culture; w-s described by Bedek (1972;. Jardeilnac et a l.

UJ72) usea tracheal organ cultures for the bioassay of 

ainucj quantities of mycotoxins including ocaruljxin a. 

Inhibition oi phenylalanyl-t h*A synthetase froii aacillus  

sudciIis 0/  ochratoxin a was r ^ported by Konrad and Koachen 

thaler (1 j77)*

hacking et al* (1977) developed brine shrlap and 

chick embryo assay for mycotoxins including ocnratoxin A* 

and th dose-response curves were worked out. Ochratoxin n 

caused autolysis of Bacillus subtilia  when add~d to the 

bacteria l culture at less than 12 microgram/ol concentration. 

Inhioicion ox protein and c a ll wall syntnesis m o o s  effected

23



at concentration of 10 jug/ral ( Singer ani dascnentnaler,

1973)• Ochratoxin A inhibited protein s/ntaesis in  

3ac illu 3 stoaroth raophilus (Bunge et a l* , 13?^)» inhibition  

of protexn synthesis was observed m  Streptococcus faecalis  

by ocnratoxin A (S e lle r and doscaentnal~r, 137;>/* In vitro  

inaib ition  of yeast phenylalany1-t mU synthetase by 

ochratoxin ^ tfas observed (trappy et a l , t 1 sf j )  • Lafont 

atid Lax oat (1373) ported out the of ocnratoxin a for

chick embryo as 1.1 jig/egg wnen inoculaced thrown air  

Space, Antimicrobial activity ox ocnraco-cm i ,cs obs.rvu. 

using 3aoillaa thuringiensis Jerlinur oy Boni-bonn-s t13/3)•

Prior U  379) reported tnat ochratoxin a , f 2 tox.ni nd 

aflatoxm  3, increased mortality of brine s i ru p  larvae.

Out of several aycotoxins oestod on brine shrimp, only 

fusarenoa -  A and ocnratoxin A showed syncrjxs-ic effect 

(Tanaka et  a l . , 1973).

Antitoxic agents,

O-methoxycinnamoldeh/de from Cinnamon in h ib ite d  gro/tn 

of a . oc.traceus and n VursiColor at tne iev~l of 200 jug/mi. 

Ocnratoxin A production by tne lingua ,vas inhibited at 

25 jug/ml concentration t iorczu-ai, 1373).

The antitoxic effect of phenylalanine again at oc iratoxm  

m s investigated by orep^y a  a l. (1973). uiiulunneoua in action  

of 0.3 mg oc.iriuoxxa md 1 mg of pnenylalanine p._r mouse 

absolute protection «vhile the same dose of ochratoxin alone 

proved 100- Ictnal to mioe.
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MATERIALS AND METHODS



ilA l'w filALa ANJ In iJJ  kZ

Production of ochratoxin

A comparative assessment, uud-r static  and snake 

cultures, was made on the ochracxsin producing a o ility  of 

two s jocIqs of As, e rg illu s  v i z . , x . ochracaus unrl A. 

aulohureus grown m  laoistenea, siredded, oroken wheat or 

p o ll3 isd r ice .

ffunxol strains and culture.

A, ochraceus I  ii 132329 supplied oy tne Co vaonwealtn 

iycological Institute and a strain  of x . auljnureus 

r-'csj./ed fro  a tie  C. itro l food and fee m oloji lesearc l 

Institute, d/sore, were the apecj.es use^. Tn^ ?’ - thod usea 

by Nesheim (1963) was adopted wiui cor cum aod_fications 

fo r tho :>r_ o ration  of ocnratoxin.

Placed 130 g of snredded broken wneat, m  a ta ree -lit ru  

capacity conical fla sk  and soaked i t  with oQ a l of tap 

water fo r  two hours. The fla sk  witn tne suostrate was 

autoclav-d (15 lb s  pressure per sq. inch) 20 nioj at 120°C. 

Wnen cooled, the f la sk  was inoculated with Im gal spores 

from 13 day old slants of A. ochraceus. Six such fiasxs  

were prepared, fhe flask s were incubated m  the dark at 

room temperature (.aoout 28°C) for 13 d and snaken once a



day to break up tne mycelial mass} the flasks were then 

taken for extraction of toxin*

extraction of toxin*

Chloroform (750 ml) was alaed to each flask through 

a long stem funnel inserted oeside tne cotton plug and the 

flask  was then heated on a stean oath u it i l  chloroform 

vapours escaped tnrough the plug* The mattea growth was 

broken up with a spatula and tne contents were agitated 

b rie fly  by swirling* The chloroform was daca it ti and f i l t ­

ered througn Whatman rlo*4 paper on a Bucnner funnel, de- 

e x t r a c t t n e  culture witn two 450 ml portions of cnlorofor 

and the extracts were filte red . The x lite r res-dae was 

aasned with 100 ml methanol and tne combined extracts were 

evaporated to oryness In the steam oath* The crude extracts 

from the different containers ware pooled and the fina l 

volume mane to 150 a l with chloroform* Aliquots of 50 ml 

from th is were added to two lit re s  of hexane and swirled 

vigorously* deaoved the precipitate formed by filtra t ion  

througn ./hataan ho.1 paper* The second and third 50 ml 

portions of tbs pooled extract solutions were, in turn, 

added to hexane f i lt ra te  and the precipitate that formed was 

removed oy filtration * The collected precipitace was 

partia lly  dried overnight at room temperature and tnen to 

constant wojL^nt at 34°C*
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The hexane precipitate /as dissolved m  53 3 ml 

chloroform, f i lte re d  and extract ’a once tf.si 2J 1 ml and 

t /ice with 10J n l poi-tio is of 0.5 ‘I sodiua Die iroona»,c.

Tne bicar Donate extract co earning the ochr-., ^_n  was 

oaclt extracted once n c i  5u ml cnloroform au-ore a c id x fi-  

canon  wixn 300 a l  1 h H2S04* Tlie rem aining oeir-toxin  

/as tnen extracted f r  in tne aqueous layer with  100 a l 

portions of chloroforn. The conjoined cnloroforn oxtr-ct 

was wasnad with 70 .ill wax or a ft  v* mixing well uid th is  

was repealed four L u c s . Tne extract was evap^rutod to 

dryness i i  a s  -earn hath. The residue /as dxa~ >lved In  

50 al cnloroform, which was aided slowly and axh s x i .r in ,  

to one l i t r e  hexane. The precipitace which iarmed was 

co llec t d and dried ax 34 °C*

Quantification of xo.»ia.

a  weighed quan tity  (one mg) o f  tne  p re c ip ita te  was 

d is s o lv e d  m  10 ml o f benzene fo r  e stim ation  o f oen ratuxm  

G oncen trati un by thin, la y e r  chrom atography. D i la t io n  o f  

one m  thousand was nade from  tne above s o lu t io n  u sing  

benzene. S im ila r  d i l a t io n  was made fo r  och ratox in  sx-odaj. a 

(1 ms c r/ s fc a llin a  to x in  in  13 a l  oenzone) ( latcor Chem icals, 

I s r a e l )  a ls o .  Chrom atographic p la t e s  were coaced w ith  

s i  l i e  \ i TLC-76 to  g e t  a  uniform  spread th iccuaco  o f o *2 j
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and dried fo r t  iq hours at 80°C. Spotted 1,2,3*4,3 

pX of the diluted extract on one half of the ciruiato  

plate and sim ilar quantities of tne staiioard ocnratoxin 

correspondingly on the other naif, in  another c iro-nato 

plate 6,7,3,9 and 10 jiL quantities of the dilatjcl extract 

and identical quantities of tne st^iaurd were spotted 

in  a similar pattern* Tie spotted plates were developed 

with g lac ia l acetic acid -  benzene (,10 i 30 v /v )  oy a 30 rain 

run, dried in  eur fo r 30 am  and then scanned ual^r long­

wave u ltravio let illumination. The mruinun observable fluo­

rescent spot w as lec^iea for tne ‘te s t ’ (4 p i ~  0.033/ j-ig* 

The experiment was repeated with polunecl rm e m  a snail *r 

way. Both the sets of experiments were also ro p j ’t -d  with A. 

aulphureus. The continuous snaxe culture method, as nas 

been adoo ed for tne prod action oi uflatoxln (in ~ t «,11 et a l* , 

1966) was aloo employed for preparation of ocnratoxin. One 

hunared graas of or o ten pood quality shredded w.icrat were 

placed in s ix  -.rlenmeyer flasns (500 ml capacity)• 

doisfcened the grains witn 80 ml d is t ille d  water and allowed 

two hoars for the gram s to gbt soared, shaking tne flashes 

occasionally to ensure uniform distribution of momtore 

around the grad as. The flasns were t  urn catocla/ad at  

15 lbs pressure per sq. inch for 20 mm. a id taen allowed 

to cool. A . ocnraceus grown in  3aboraud*s dextrose agar 

fo r 13 days was s^eaea into tne grains of each flask
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separately. For this, a unit volume (5 a l) of d is t ille d  

wat^r was added to tne slants and mixed to fora  a suspen­

sions one a l of fcna suspension ,/as poured into cue flask , 

fne fiasits were fxxeu. on a haw Brunswick sh&kor which was 

set in  ooitiauois rotary motion at 43 rpa. A ft-r  evnry 

2+ h r ., tne flasks were disaiantleu, shaken to t>r-&k up 

tne clu3ip«.d grains* Added two a l of d is t ille d  v/at_r to 

e^cn flash  fo r  the f i r s t  three du^s* Clumps of grains 

tnat formed were periodically broken up by sacikin^ and oy 

use of a ste r ile  spatula* At tne end of 13 an, a m.w flasks 

were disaantlod from the snaker and extraction o~ toxin was 

done as descrxoed for static  cultures varying the qucditxty 

of chloroform to 350 ml fo r each extraction* fnc amount of 

toxin produced 0/ the str u a  of fungus was quantified 

adopting tne same proceaure applied for static culture.

Ihe experiment on continuous shake culture was repealed 

with polxsned n cc  as substrate,

fne ©ncire oroceaure was repocaced wit i c a ltxc s of 

A. sulphur©us.

experimental otud^ of Ocnratoxicoaia m  doats

31

fhirt/four c lin ica lly  healthy Baanen -  Aalabiri cross­
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were. used fo r  fcne experiment. The animals were selected 

frou  trie farm stocx of the A l l  India Coordinated Project, 

and from known l^ca l households. They were kept under 

oost.rvu.tion fo r a ,/aak b .'for o tne commencement of the 

ex >ariment auriag which period tney wero sere ned fo r comnon 

parasitic  diseases and otner ailments. Tho ruc-on schedule 

follovcd in. tne goat farm was adopted for t i js3 animals.

Peed ingredients, cnemical composition and £-3(11.% scnedul- 

are given m  tables 1 ,2  and 3. Random saaples of coneout­

rages and milk w-re regularly cnecxad fo r  the presence of 

a flatoxm  and ochratoxm by employing standard net nods,

Ochratoxm emplo/ea in  tne ^resent study izs the 

purified  toxin pro ared m  tnm laboratory as described 

e a r lie r . C rystalline a fla tox ia  received from ilnicor Chemicals, 

Is ra e l, ,’as used to study the synergistic e ffects of ociru - 

toxixi and. a fla tox in  in  goats.

Prooylene glyco l was used as the vehicle fo r the toxm  

m  the various stuaies.

The data ertammg to haematological and oiocuemicai 

resu lts  were suogecteo. to s ta t is t ic a l analysis according to 

dnedecor and Cocnran v1 d57) » ^nd r 0.05 was considered to 

indjucaoe sign ificant difference.
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batch was allotted for toxicity stadias*

1* Oral route

2* In craoeriton ea l rouce (i/p)

3* intra/enous route (i/v )

4* Synergistic effects of ochratoxin 
and afl^coxia*

Oral route.

Tea g iits were employed for tne study* Tne/ ware 

dj.vi-.ed inco two ^roups, six in one group and four in  the 

secona group* Short t  *ra toxicity studies were carried out 

in tna f ir s t  group and long term toxicity stu lies in  tne 

second grout. Ochratoxin was fed individually along with 

s ilk  to animals.

Short term boxicity

Six goacs varying in age b9t>/-*n one to t/o montns 

formed the ex penaental subjects* They were divided into 

two subgroups* Two animals (subgroup I )  received ocnratoxin 

jor os at the race of 2*5 mg/kg body weignt for 6 aays* 

Ochratoxin at the race of 1 mg/kg body woignt was fed to 

two animals (subgroup I I )  for 43 days* For eacn suogroup 

one animal was kept as control* The &.u.tals wt'-e sacrificed
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at the end of the exo r i  mental periods for autopsy ana 

histop-dUiological examination.
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Taole 1
Ingredients of feed used during the 

experiment.

Ingredients Parts in  hundred

De-oilea groundnut cako 27
rforsegram 30
/heat 20
Jnsal&ed a n «d  fish 10
licebran 10
Mineral mixture 2
Salt 1

/itaolend A, 3 D* (Glaxo) 23 g/100 kg fox l

Table 2

Percentage chemical composition (on dry matter ba„is)

Dry matter units 39.4
Crude proutein 13.1
.uther exmrict 3.2
Cruae fibre 4.2
r/itrogen-free extr-ct 63.3
Total asn 10.2
Calcium 1.1
Phosohorus 1.03



Age lit Ik
(ijo iths) (a l )

Cojcencrutes ftou jh a :e  (L juvoo)
( a  ?o>ts)

1 - 2
• 2 - 3
3 - 6

300
403

100
150
330
403

250
430
753

1533S -  12

Lo ĝ ter-n tOKi.ej.ty (Group XIX)

Oe irafcoain i;as fed  at cao raue 0*5 rag/liG body voi^at 

to  too boa^s agei, three aoadia fo r  a period o f oj.0at ao loha 

at tho end o f vlucn they w^re 3aerj.fj.0ed fo r  Gross a i l  liiooo- 

pathol j>ilguI 3cudy. Two goafco reared on normal ration, formed

the control group*
}

Intrude r2.t0ae.JL route (Groups X/9 7 and VI).

Seven, 1 to  2 uontao old Idles were used fo r  ohlo otudy. 

Toxin was giVGEi iatra^crutoaeally at the ra^o af 2*5 Og/kg body 

weight to one aiimal and at tho race o f 1 ag/lcg body Oi.gnt to  

two amraals* T./o goats wore gj.vo 1 oca atoxla at too rawc of 

0*5 og/kg body welgnt* The control group cans.t&to& of t ;o 

aninals, These ani'oals ./ere observed for a period ^  4 clays* 

They wore then sacrificed  fo r  autopsy and iustopatn o io jlcal 

^xaniifB oions#

Intravenous route (Groups VXI, VIII aid XX)

Iline goato, a0ed 1 - 2  aoaths, were selected fa r  atixl/in^



the effect of toxin by i/v route. Two goats recei/ed 2.5 mg 

of toxin/kg body weignt. Another goat on normal ration  

formed the control. Tne animals were observed lor a day and 

sacrificed the next day for detailed autopsy axaminati on. 

Jctiratoxm at tne race of one mg/kg body wei0nt was aa minist­

er ed Dy i/v route to two goats. One goat was used as tne 

control. Tnese animals were kept undor obser/ation for a 

oenoa ox ono week at the and of which they were sacrificed  

fo r auto may and hist ornithological examination* Two animals 

were given ochratoxin at the rate of 0.5 nig/kg boay weight 

by i/v route. One animal was kept as the control* The aiimals

ware ooserved for three days and were sacrificed on tne

fourth day.

Synorpaafcic effect of Ocnratoxin and Aflatoxm.

-ightj 1 - 2  months old, goats were employed for studying 

tne comoined effect of ochratoxin and aflatoxin. Two goaus 

were given by the i/p route ochratoxin at the r^te of 1 mg/kg

body woignt and aflatoxin at tne rate of 0.5 mg/kg body weignt.

Two otners received ochratoxin alone by i/p route at the race 

of 1 mg/kg body woignt. A third group of two animals were 

giyen i/p aflafcmx±n at the ra le  of 0.5 mg/kg body weight. Two 

animals served as negative controls.

The animals were sacrificed after a period of ooservation

for two for pathological studies.
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Laboratory procedures 

Haematolo/^ical studies.

Blood samples were collected from a l l  aninals before 

commencement of one experiment, 48 hours afcer tie  administ­

ration of toxin, and thereafter at weekly intervals upto 

the twelfth week of experiment and at fortnightly intervals 

subsequently. Blood samples ware also colleov, ad iron a l l  

animals before sacrificing.

Procedures described by 8chal <i (1365) wer_ Po liced  for 

determination of to^al erythrocyte count, packed coll volume, 

Haemoglobin, erythrocyte sedimentation, total and differential 

leukocyte counts and blood coagulation time.

The biuret assay method of Inchiosa (1364) was adopted 

for tne estimation of totdl serum protoins and the procedures 

described by Coles (1367) was followed for det imining blood 

urea nitrogen level. Creatinine estimation was oy tne

meihod of Polin ani ,m as described by Mcneely (1330). Tne 

photometric procedure of Henry (1352) was followed for deter­

mining the values for icterus index.

Serum enayme studies.

Enzyme kits, supplied by DeQruz Corporation, Bombay, were 

used for estimation of ALP, AC?, GOT, Ĝ T and nDI activities  

in  serum.
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Urinalysis.

Urine samples, collected, prior to ad num. strati on of 

toxin, 43 hours after admm-aoration of toxin and at weekly 

intervals, were tested for pH, glucose, protean, ketone 

bodies, urobilinogen, bilirubin  and blood using Multistix 

reagent strips manufactured by Miles India Ltd. The 

test results were periodically cross-checked oy standard 

laboratory techniques. M_croscopioal examinafcion of urine 

sedxmenws was carried out adopting standard technique 

(ncNeely, 1330).

Morbid Anatomy.

A ll the experimental as well as the control animals 

were subjected to detailed autopsy examination on termination 

of the experimental period. Animals in extremis were sacri­

ficed before death for the purpose of post-morion examination 

and collection of tissues for hist©-pathological and histo- 

chemical studies.

Hi at o-patnoloxY.

Tissues were collectea for histo-pathological examination 

at autoosy. Paraffin sections, cut at 5 -  6 micron thickness, 

were stained routinely m th hematoxylin and cosin. PAS and.

Van Gieaon*s methods and reticulum stains were employed m  

selected sections.
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Histo-ohemical study*

Tne techniques deacrioed oy ^earsa (1963) ./era employed 

for demonstration of ALP and AC? in  p a ra ff in  sections*

(Jltrastraotural  study.

Tissues were collected from lxver and kidney of the 

test animals under group IV for ultraatructural studies* The 

tissues were fixed in 3 per cent giutaraldehyde buffared with 

cacodylate, Tno glutaraldenyda fixed tissues were post fixea  

in  osmium tetroxide buffered witn 3-collid in  (iabutini ®t a l , , 

1963)* The material was embedded xn Lpoa. docvaons were cut 

with glass knives on a LKd ultratome. Thin sections were 

picked up on uncoated copper grids, stained with uraayl acetate 

and examined in a "philips 301 at 60 Kf,



RESULTS



r io Ul t s

Production of Ochratoxin

The quantity of toxin produced by the two species of 

Aspergillus -  A. ochraceus and A. 3ulohureus in  static and 

shake cultures using rice and wheat as sibstrat^-s is  given 

in  table 4. The a&ourrc of toxin produced m  snake cultures 

was more than tnat proauced m  static cultures, (/heat was 

found to acie as a better substrate tnan rice  since bouh 

A. ochraceus as fe l l  as A, sulohureua produced higher 

amounts of toxin m  wheat. Comparatively A, ocnracaus was 

found to be a better toxin producer tnan A. sulohureua.

-Experimental Study of OGhratoxicoais in  Goat a

Oral administration of toxin.

Group I

Two animals (Group I  A) were given ochratoxin at 2.5 mg/kg 

body weight for 6 days. G r.I.B . was tne concrol ani rial.

From the second da/f the tost animals became lis t le s s  and 

inactive. These s/motoas progressively increased in  intensity 

and tne animals appeared vory weak when they were sacnfic-xl 

on the sixth day.

C lin ica l Pathology

riaemafcology

Tlean values are shown in  table 5. Significant reduction
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Table 4

Quantity ot  Oohratosan k (mg) harvested. under &X££o.. eat 
culture systesa per 100 g substrate*

Substrate A* sulphurous A* ochrocouB

Static Shake Static Shake
culture culture culture culture

HiOQ 130 195 139 225

Wheat 195 210 234 231



Haentogr am -  Group I  in an valuss

TaoleJ5

Parameters

Group I  A Group 1 B 

Period of observation (days)
— — -----

Before
expt. 1 2 3 6 Before

axpt.
1 2 3 6

Total erythrocytes
(10 7am!5) 16.47 16.21 11.50 11.40 10.20 1 7. 75 17.25 17.80 17.75 17.70

Haemoglobin (g/d lj a. 70 3.70 7.30
*  * 

7.00 6.00 9.00 9.00 9.20 9.00 9 .0 ;

PacKed c e l l  volume (A) 2p.O 0 26.50 20.50 19.50*17.30* 30. Oj 30. j j 50.00 30.00 30.00

Total leukocytes
(10 /mm ) 13.15 17.70 14,05 15.50 13.00 1 7 ,20 17.10 17.20 17.20 17.10

Neutrophil ( 6) 42.00 42.00 35.00 PJ.50 65.00 40.00 59.00 f̂O.Ou ifO.OO 40.00

Neutrophil absolute  

count (10^/mm^) 7.65 7.55 6.90 7.12 7.96* 6 .8 i 6.66 6.3J 6.83 6.34

Lymonocyte ( i ) 57. 5q 55.00 47.00 45.50 33.00 57.00 55.00 60.00 56.00 57.00

Lymphocyte absolute  

count (10^/msa^) 10.37 9.80 6.63 6.40 5.03* 9. 30 9.74 1 2.32 0.97 9.74

Blood coagulation  
time (m ln .) 4.23 4.50 4.e0 6.25 10.30 4. j>0 *•*.30 4.50 4.50 4.50

* P «  o.05 4>ro



was observed xn tne packed c e ll volume* Changes in  total 

leucocyte count# erytxrocyte sedimentation ruce, «*nd aosolute 

count of neutrophils were not sign ificant* Significant 

increase in  bloou coagulation time was noticed on the th ird  

day.

Blood chemistry

lie an v a lu e s  a re  snown m  tciole 6* The a i t  r a t io n  in  

t o t a l  s o r u i  o t0 1113» 3JB, c re a t in in e  and i c t  -ru s index were 

not s ig n i f i c a n t .  fn e re  was s ig n i f ic a n t  r i s e  m  \L and o i  I  

0 1  th e  3j.xth day. Cnang-s 1  1 serum l e v e l 3 o f -*0 . ,  -urOl uud. 

nJ 1 were not signJLileant.

J fina l/sis

dnanges were ooservod m  t le reaction and constituents 

o f u n .u  oy che f i f t n  day. Reaction became acidic in  Br.l- 

(1 ) and neutral in  Gr.lA (2 ).  Protein «as present m  audcu ate 

aaou^t and low l e v e ls  of ketones weie detected, Moderate to 

la r g e  ^mounts of O iliruom  and bl^od were T Gerards

the terminal stages, small amount of urobilinogen coula be 

uetec'-M. Microscopical examination of urinary sediment 

revealed oresence of moderate numbers of renal ap^tuelial c o lls , 

squamous ep ith e lia l G u lls  and transitional co lla  aud a few 

polymorphs* Pew nuaoars of hyaline and granular c-sta also
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Taole 6
Blood Chemistry -  lean values

Croup I  A  ̂ _ _____ _____
Period  o f observation  <,d^ys)

faruiaeuera
Before 24 h 2 3 6 Before 

er.pt. r 24 h 2 3 6

Total serum proteirs 
(g/dl) 5,60 5.60 5.30 4.50 4.50 5.30 3.30 5.30 5.30 5.30
Blood urea nitrogen 
(mg/di; 14,90 14.90 1-..7) 20,60 39.3a 13.10 13.10 13.10 13.10 13.10
Creatinine (mg/dl) 1.065 1.22 1.60 2.255 1 .6a 0.93 0.93 0.9 6 0.93 0.98
Icterus index 
(Icterus unit) 1.01 1.05 1.025 1.025 1.370 1.20 1,29 1.20 1.20 1.375

Alkaline phospnatase 
(&L3- units) 9*6o 9.65 1p.S3 13.00 17.80 5.50 3.50 5.50 5.50 6.10

Acid Phosphatase 
( iibB- OILlI s ) 0.29 0.29 0.42 0.42 0.465 0,43 0.48 0.^7 0.47 0.43

Glutamate oxaloacetic
transaminase (.IF units) 70.03 70.00 102.00 102.30 .264.Jj 63.00 68.03 69.00 69.00 63.00

Glutamate pyruvic 
transarainase (RF units) 5.00 5.0 10.00 10. 33 12. 30T 2.03 2.0 2.0 3 2.03 2.0u

Lactic dehydrogenase 
(C / units) 175.50 175.50 303.50 803.50 379.00 200.00 200.Ji 2u J, JO 200.00 200.00

- p -a 0.05
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were detected. Urine samples of the control animal were 

negative for pathological constituents and casts.

Patho-anatomy 

Autopsy findings

Tne animals were sacrificed on tne sixth day in extremis. 

Necropsy examination revealed moderate gelacirusation of sub­

cutaneous fa t . Few petechias were observed on tne ventral 

part of tne aoaomen. The pericardial sac contained about ton 

a l of clear flu id . Tne le ft  cardiac and. diaparsomatic lobas 

of lungs were moderately congested. Tnere was moderate enlar­

gement of liv e r. Burface of liver appeared diffusely pale 

and few foci of pebchiae and eechymoses were seen. Gall bladder 

contained yellowish green viscid b ile .

Moderate swelling of both kidneys was obsc.rv~~. Cort-x 

of both kidneys were pule* Cut surfaces also appeared pale with 

a few red streaks in the medulla.

Btonacn contents were sparse. Circular ulc^is witn 

blackened base and raised oorders were present near tne p i l l - r s  

of tne rumen. Mesentery was oadematous. There /as hyperaemia 

oi tne mucosa of the terminal part of jejunum, caecum and 

colon. Postmortem lesions of Gr.IA(1) closely resembled
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those of Gr.IA(2) hut were of a milder degree, no gross 

lesions were observed in  the control animal.

Histo-p-a. bholjgy

f l i c r o 3C o p ic a .l l e s i o n s  i n  t h e  tu.dn.2y3 w e re  p ro m in en t.

The o r d e r  o f  s e v e r i t y  among th e  d i f f e  e n t - a r t s  &3 f o l l o w s :  

p r o x im a l c o n v o lu te d  b u o u ie s  >  d e n le 1 s  lo o p  >  g l o  1 r u lx  >

Bo/man1 3 capsule >  medulla, Tne majority of tn_ >roximal 

convoluted tubules found affected. Inuv  we.c degwioracive 

cnangus An tne lining epi taoliaa u tu  ios.. of bruo . boraor 

(F ig .1 ). The cytoplasm 01 caese ce lls  jea moderately baso­

ph ilic  and tne nuclei vesxcelated. Fe/ ce lls  were necrotic 

w_tn aggregation of cnromatln of the nuclei and the desquamated 

ce lls  were present in the luaen of tne teonle. i/allne bodies 

and ra3 positive •’atarxals were present in  tne lunen oi these 

tubules. Some of the tubules were d ilated. Granular deposits 

ware pros-nt in  a few. Increased granularity and vacuolar 

changes of tne cytoplasm were ooserved m  tne epxtnolial ce lls  

of the lenle13 loop. Lining ce lls  of the d is t - l  convoluted 

tubules and co ll.c ting  tubules also revealea mild dcgeneracx.ve 

changes, rroteinnoeoas mat s. la i  was present in  the lumen of 

some of tne collecting tubules. Vacuolar cho ^es wart, present 

in  the epithelium of same of tne gloaaruli while fr-uik 

necrosis of the epithelium and endothelium occurred in  some 

other g lo -knuli. A faw of them were snrun&an and reduced very
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much in size while haemorrhage was observed in few others# 

Diiacamion of the Bov/man’ s capsule and presence of protem- 

aceous material in  the capsular space were ooser/cd in some 

areas# There was thickening of the Bowman’ a capful,, and t le 

basement membrane of §gme of the tubules- Modern,e depletion 

of alKaline phospnatase was oos-rved. degenerative cnanges 

ranging fro a cloudy swelling to fatty change were present in  

the hopasocytes of the portal areas. Congestion of the central 

vein, sinusoidal engorgement and haemorrhages in izs  par one ny ra­

wer e ooservea. Individual 'leoalocyces revealed necrotic 

changes# The cytoplasm of these ce lls  was very pale. .uclai 

showed pyknosis, k, iryorrhexi3 and karyolysxs. i^c^i in f i l t ­

ration of tne neoatic parenchyma wimh few polymer j is was 32 .u. 

Mild to moderate inflammatory reaction wit i dcgon__ cxtion a *1 

necrosxs of the lining squamous ca lls  were the le s i ns in  

the longu^. loderate degree of goblat ce ll hyperplasia was 

present. Focal ulcoration of tne epitneliun with polymor­

phonuclear and mononuclear in filtra t ion  was observed in the 

rumen. Abomasa! mucosa was oedeiatous wit.n neufcr-, u l io  

infxltraCiOn# 1xld irxflammatory changes ware obsarv-i in  tno 

m iCosa of me pejuaum and colon. There was depletion of 

lymphocyt is m  the spleen, and. in. the cortical and araGorcj.„-JL 

areas of tne lymph noo.es. u ild  fo llicu la r degeneration was 

observ°d in tne soleen. Germinal centres were nat vomino it
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in  tne f o l l i c l e s  of the lymph noaes. In the t e s t i s ,  moderate 

de0oaeration of the spermatogonia and presence of eosinophilic  

m aterial in  the lumen of a few tubules were observed. There 

was lack  of d iffe r e n tia tio n  of tne sper natids. norabxon

of the germinal epithelium was present in  the ovury of tne 

female animal. There was widening of the zona r e tic u la r is  

of the adr-n al. m  the tiyro xd , a few f o l l i c l e s  were found 

enlarged, C o llo id  ap eared normal. There was s l^ ^ it r^duc t i  :>r* 

In the number of acidophils of the p itu ita r y , c ow ire e  

erythrocytes were observed in  tne a cin i of tae panoican. L n  2 

were moderately congested. Mucosa of the urinary oiadlar was 

hyoeraemic.

Tissues of the control aniaals did not snow h is to lo ­

g ic a l  le sio n .

Group I i

Anxmala whicn received ocnratoxin at tn s rata of one 

body weight d a ily  fo r  a period of 45 days* manifested cllm cvJ. 

signs of t o x ic it y  by the ohird of tr^ ataeu t, General

weakness and le tn a rg ic  d isp o sitio n  were noticed by th is  tim e. 

Progressive emaciation was ooserved oy tne sixth  vcek.

C lin ic a l  Patnology

Maematology

Moan *u1jus arc saown in  table 7* There j  0 u^-cunt
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Haejaogram -  Group XI -  Mean values

Table 7

Group JLL A
Parameters Period of observation (days)

Before 
, , .«Kgt. a 1 2 7 14 21 23 35 42 45

Total erythrocytes 
(10̂ /msaP) 15.94 12.50 12.45 12.35 11.90 11.73 11.63 10.00

*
9.10 9.00*

Haemoglobin (g/dl) 3.20 8.20 7.30 7.00 6.30
*

6.20 5.70 5.20* 4.80*
#

4.30

Packed cell volome(,6)27*90 27.00 23.00 22.30 22.30 22.30 21.50 18.00* 17.50* 17.50*

Total leukocytes
( 1 0 W ) 16.65 15.50 15.15 14.35 14.55 13.00 15.30* 12.10* 11.60* 11.60*

neutrophil ( 0 34.50 34.30 41.03 47.00 54.00 56.00 57.50 61.00 61.03 61.50

Neutrophil absolute 
count (10̂ /inm?) 5.75 5.34 6.215 6.931 7.85* 7.7121* 7.69* 7.354* 6.944* 7.116*

Lymphocyte GO 62.30 62.50 56.00 53.00 45.00 42.0 J 41.50 38.00 39.00 37.00

Lymphocyte absolute 
count (iQ^/ais?) 10. 731 9.637 8.24 7.369 6.551* 5.312* 5.615s* 4.516* 4.656* 4.312*

Blood coagulation 
time (iaxn.) 4.23 *.25 4.25 A. 15 4.75 5.5a 6.25 B.Q3 9.23 9.25

(corrfco.



Continued Table 7.

Group 1 1  B

P aram eters - a n  od o f  o b s e r v a tio n

Bei'ox © 
e x o t . 1 2 7 14 21 28 35 42 45

T o t a l  er/ ta ro c/ fc e s  

(10^/mm3 ) 15 .6 3 1 3.6 2 1 5 .4 6 1 5 .4 6 1 5 .5 2 1 5 .7 2 1 5 .b 4 1 5 .3 6 1 5 .7 0 1 5 . 6 2

Ila e n o g lo o in  (g / d l) 3 . 0u 9 .0 0 3.0 3 9.03 3.03 4.20 9 . 0 0 9.03 9 .0 0 9 . 0 0

Pacxi-d c e l l  vsluzie(/o) 23.0 3 23 .0  > 23.0  3 23 .0  ) 23*20 2 o .3e 23. a J 28.0 28.30 23.00

T o t a l  le u to c y c e s  
( I 03 /oa3 ) 15.60 1 5 .6 0 13 .2 0 15 .6 0 15.30 1 ; * tD 15 .4 0 1 5 .6 0 13 .4 3 15 .6 0

N e u tro p h il ( 6) 40.30 4 2 .3 3 42.00 42.03 >1 .00 4 2 .U- >3.03 4 4 .3 ; kj,00 42.00

le u tr o p h il  ao3o lu te  

co u n t (IO^/slr3 ) 6 .  24 6 .5 3 2 6 .3 3 4 6 *5/2 6 .3 5 5 6.5^2 6 ,6 6 5 6.864 6 .9 3 6 .5 3 2

Lymphocyte ( j) 53*33 33. JO 55.0 a 5 6 .3  t 3 6 .03 3 5 . J- 33. 33 53.0  a j 3 .0 u 35.00

Lymphocyte a b s o lu te  

coun t (10 3/am3 ) 9.043 9.04S 3 .3 6 3 .7 3 6 3*63 u .iD  J 3 .5 2 3 8 .2 1 5 j.462 3.580

Blood c o a g u la t io n  
tim e (mix!.) 4 .50 4 o Q 4*50 4 . ;J 3.00 4 ,5 u a . 30 4 .3 0 a . 53 4 .5 0

*  ? <  0.05

£



reduction in  the number of erythrocytes through the 42nd to 

45th day in  the test animals* The haemoglobin concenuratloa 

diaunisned from the 21st day onwards. This reduction was 

sta tistica lly  significant. Significant reduction in  packed 

ce ll volume was observed a ft - r  five weeks. The toxal leuko­

cyte number was significantly reduced from the 2ist to 45th 

day. Tnare was significant Increase in the absolute neutro­

phil count and decrease in the absolute lymphocyte count alc^r 

the f i r s t  fortnight, -^rytnrocyxe sedimentation race was not 

altered in tne experimental and control onisals. There was 

increase in blooa coagulation tiae from the in it ia l 4.25 

minutes to 3.25 minutes on the 42nd and 45th day.

Blood cnemistry

iiean values are shown in table S. Significant reduction 

in  to ta l serum proteins was observed in the test animals from 

the 14th day onwards. The rise  in  blood urea nitrogen on the 

45th day and was significant statistica lly . There was 

significant rise  in  icterus index on the 45th day in the test 

animals. The rise  in  aLP was significant. There was no 

significant alteration in the level of AGP. The rise  in  oJ_?T 

was not statistica lly  significant. SGPf level was significantly  

raised on the 42nd and 45th day.
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Blood Chemistry -  Group I I  -  Jeon values

Table 3

Group II  A

Paramet *rs      ____________________________________
Before 24 h 2 7 14 21 28 35 42 45

Total semi a 
proteins (g/dl) 5.30 5.30 3.20 4.20 3.70 3.60 3.50 3.30 2.80 2.90
Blood ur5a 
nitrogen (cag/dl) 16.30 15.80 17.75 27.10 2^.9* 31.8" 34.55* 35.50 37.40 39.30

Creatinine (mg/dl) 1.90 1.20 1.30 1.55 1.87 2.4 9 2.96 3.42 5.91 4.03

Icterus index 
(Icterus units) 1.375 1.375 1.375 1 * j 5 1.625 2.2p 2.50 2.525 2.52* 2.50*

Alkaline phosphatase 
(B.L.3. units) 4*80 4.80 6.40 7.20 7.20 7.20 7.60* 9.00* 10.60*10.60*

Acid Phosphatase 
(B.L.B. units) 0.30 0.525 0.525 0.53 0.513 0 *4b 0.505 0.41 0.525 0.525

Glutamate oxaio- 
ac tic transaminase 
(d*P. units) 67. 01 67.00 131.00 81 .00 02.00 77.00 67.00 77.00 33.50 92.00

Glutamate pyruvic
transaminase
(A.F.units) 2.00 2.00 4.00 4.0) 4.00 ^.00 5.00 6.00* 7.00* 7.00*

(c o n td .. . )

$



Contd.,..  Table Q

Parameter&

Group I I  3 

Period o£ observation

Before 24 h 2 7 14 21 28 35 42 45

Total serum
proteins Cg/dl) 5.50 5.50 5.60 5.50 5.30 5.50 5.20 5.30 5.50 5.50

Blood urea
nitrogen (rag/dl) 14.90 14.90 13.10 13.10 14.90 14.30 14.30 14.90 13.10 14.90

Creatinine (rag/dl) 0.96 0.36 0.96 0.95 0.36 0.^5 0.98 0.98 0.36 0.36

Icterus iixlex
(Icterus units) 1.30 1.30 1.90 1.30 2.00 2.30 2.50 2.5u 2.55 2.50

Alkaline phospha­
tase (S.i,.a. units) 5.00 5.00 5.50 5.50 p.OO 5.00 O.pO 5.00 5.00 5.00

Acid phosohatase
(B.L.3. units) 0.35 0.35 0.37 0.37 0,37 0.35 0.35 0.35 0.35 0.35

Glutamate oxalo­
acetic trans&ainase
(A.F. units) 66.00 65*00 66.00 65.00 bO.OO 63.00 op.OO 66.00 t>5.0u 66.00

Glutamate p/ruvxc 
transaminase
(B.F.unita) 3.00 3.00 3,00 2.00 2.0o 3.00 2.0J 3.00 3.00 3.00

* P <  0.05



Urinalysis

Urine samples became neutral by the fifth  wt, ̂ k. Traces 

of blooa and kacone bodies were detectul in one of the animals -  

G r.ll A(2) on the fifth  week. 3 sail amounts of bilirubin  

were obs-rvud fron tne second day onwards. Urine snmpl-s 

of G r.ll ware sxron&ly positive for urooilm.gen fro^

the sec^ id da/,

lUcroacopioa! examination of urine sediment revealed 

presence of moderate numbers of erythrocytes, r _ lal epithelial 

cells  arid sqLuamo is epithelial cells towards tne terminal 

stages. Polymorphonuclear leukocytes were present at the ra.e  

of 1 -  2/HP during this period. Granular and n/aline casts 

at tne rate of 1-2/HP also were noticed by the f ifth  week of 

experiment*

Patho-a iatoiay

Autopsy findings

dorbid changes were more pronounced m G r.ll A(2) tuai 

in  G r.ll A(1) though the distribution of lesions was identical. 

Moderate gelatimsation of tne subcutaneous fat ant few sub­

cutaneous petechia© were seen. About 10 ml of clear serous 

flu id  was present in tne pericardium, durface of liver was 

moderately pale and on sectioning nad a cooked up appearance.

The renal capsule was slightly adherent and cortex was
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diffusely  paLe, Rcddisn linear areas we.e oosorvad m  tne 

raedalla of botn Lxd«vyo. Blander coutaix̂ a sli^utiy cloua/ 

yellowish urxhu.

^acosa of tne aoomasum was moderately swollen and s lig  itl/ 

hypei&snic• lucosa of tne large intestines was moderately 

nyper&amic.

ilisto-pathology

epithelial ce lls  lining the renal tuoules, particularly 

those of the proximal convoluted tuouleo revealed noderace 

degree of degeneration wicn necrosis of occasio ml ce lls , ooao 

of the tubules contained granular eosiaoehilic aebris in  taexr 

lanen /hile some otnars were dilated* PAS positive material 

was present in  the basement membranes and in tne lumen of 

tuoules ^Pig*2)• In focal areas, the in te rstit ia l tissue of 

tne tuoulos was distended with masses of PA3 positive material* 

Tnere was distortion of sons of the glomeruli* i few of fcaou 

were s nr unhen wnile others revealed hypercdELularity occupying 

the entire capsular apace* Basement membrane of tio  glome* u li 

was m^aerauuly tnickeneu wxtn presence of PA3 pos-tive material. 

Je0anaration of the epitnelial ce lls  lining soma of the 3q / mi* e 

o ipsules and slight thickening of tne capsule were observed.

Ine capsular 3 ace of several glomeruli contained finely  

granular eosinophilic debri* In a few tuoules tne epithelial 

cells  were pushed into the glomerular space simulating tubul-r 

epithelial reflux*
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Fig.1• Kidney (G r .l) -  Degenerative and necrotic changes
in the lining epithelium of the proximal convoluted 
tubules. Desquamation of ce lls into the lumen.
H & 3 x 250.

Fig.2. Kidney (G r . l l )  -  Dilatation of the tubules and
thickening of the base aeat membrane. Lose of brush 
border in the cells of proximal convoluted tubules. 
Vacuolar changes in the epithelium of the glomeruli; 
granular deposit in  the Bowman’ a capsule.
PAS x 400.

F ig.3* Liver (G r . l l )  -  Parenchymafcous degeneration, 
fatty change aM necrosis of hepatocytes.
PAS x 250.





In the live r, moat of tne hepatic ce lls  were swollen 

and had granular cytoplasm indicating parenchymatous degen­

eration (F ig .3)# Fatty cnanges were more prominent in the 

centn lo ju lar hapatocytes# Frank necrosis occur rid  in same 

of the hepatocytos at the periportal areas. Jesides sinu­

soidal epgorg ament, there was enlargement of tne s^ce  of 

Disse in several locations. Attempt id b ilia ry  epithelial 

proliferation  was evident.

In  the rumen and reticu lum , degenerative chaises o f ta s  

l in in g  Gpithe3iam wore obs-TVed. /loierac© degr i 01  osaamu 

wa3 seer, in  tne lamina p ro p ria , uypeaemia and saomucosal 

o-dema were noticed in  the aoomasum. In tne di-Aa-nmi, 

jejunum and ileum necrosis o f tne l in in g  e p ith e lia l  c e l ls  

and fo c a l  erosions were observed# There was severe i n f i l t ­

ra t io n  o f tne mucosa, and suomucosa witn. lymphoid c e l l s ,  

macropnages and few neutroph ils . Goblet c e l l  nyp srp laa ia  and 

subserosa l oeo. mia were prominent (F ig .4 ) .

The salivary glands showed focal areas of degeneration 

and necrosis of serating cells# Moderate degree o f gliosis  

u a s  seen in the cerebellum#

in  the 1/mpn n^des, no uex m ite germinal centre xor jaxlou 

was observed# Areas of lymphoid C iil depletion, ,/as Sw in m
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the cortical and paracortical areas of 1/mJh nones (F ig .51. 

Replacement of the lyaohoid ce lls  by retienloend /fcnelial c - l ls  

was observed m  the cortical region* Oedema aSid. focal areas 

of depletion of lymphoid cells were seen in the thymus U 'lg .o ).

In  the ad ren a l, moderate n y^erp las ia  o f tne men l l a r y  c a l ls  

nas observed. Other end xjrinc glands d id  not rwveaj arty 

le s io n ,

regenerative ciang s ware seen in tne gcrnxnel opxthfelxJn 

of the seminiferous tubules*

Group I I I

Animals G r .I i l  a (1 ; and G r*Iil A(2; whlcn we. e gxvsn 

ochratoxin ux, tne r a ^  uf 0.3 mg/kg ooay weight for a p_rxod 

of 3^ w eks did not show any climcc.1 sign of i l l  ess upto the* 

third month of experxaaafc. Listleasness, slo f gait and dimi­

nished appetite ware manifested a^ter this period, These 

symptoms programed curing the experimental ;_rxoa.

C lin ical Patnology

Haematology

Mean values are saown in  table J* Significant reduction 

was observed in total erytnrocyte count, haemoglobin, pacxed 

c e ll volume, total leucocyte count and absolute lymphocyte 

count. Rise in aosoluce count of neutrophils was not significant. 

The increase m  blood coagulation tima was significant. The 

erythrocyte sedimentation rate was not altered.
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Haoaogr^a -  Group i l l  -  loan value3

T ab le  9

Paramet r̂s

Group ̂ lil^ A _
Jerxod of oesjrvw.ti jo. \aajs)

Before
14 d 28 po o4 112 140 163 13b 224

Total erythrocytes 
(106/mm3)

Haemoglobin (g/dl)

Packed c e ll  
volume (gs)

Total leukocytes

(1 Cp/mm3)
Neutro >hil (y>)

16.53 14.25 13.36 1p.34 1p.40~ 11.3J I1.J5* 11.13* 11.02* 10.5S*

9.p3 3.30 3.10 3.30 O Q  7.0e* 6.50* 6.20" 3.30* 3.40'1

31.60 29.30 23.20 23.0, 2..0J 26.oO 24.70 21.20- 20.50* 19.50*

12.30 1 2.200 1 2.15012.10 312.100 12.0J 11.u50 11.300 
26.00 43.50 43.50 40,50 57.50 36.00 53.50 6/.0)

Absolute count ,
neutrop .ilIs  (10^/mnT) 3.333 5.32 5. >19 5.971 6.321 6.704 6.303 7.S3p

Lymphocyte U )  70.50 43.0 0 43.00 43.50 42.00 42.00 4-4.50 30.50

Absolute count ,  ,
lympaocytes (10 /mm ) 3. 3p6 6.04 p . 353 p .365 p .124 p .23 p .264 J .662 ’

Blood coagulation
time 4.03  4 .00  4.23 4.50 10.50 10.75 11.25* 11.75*

1 1 . 3 0 0
70.00

3,26

27.00

5.237*

10.50*

11.400
72.00

3.143

27.00

3.130*

15.00*



(Goacd. . . .  fable J)

B ara iet rs       J7-0ci SJi.J9& Q lxy ^ k ^ Q A A ± t^ L
Before
exgt* 14 23 5o 64 112 140 162 136 224

Total er/inrocytes 
(106/nn3) 16.18 15.34 16.21 16.24 10.29 15.35 16.12 16.21 16.02 16.11

daeaoglooxn (g/dl) 3.70 9. 90 9.7 0 9.73 3.70 3*60 3.70 3.70 3. p3 9.60

Packed c « l l  
volume (gO 32*30 32.p0 32.30 52. i ) p1.90 31.90 p2.00 52.30 32.00 32.00

Total leukocytes 
(103/nun3)
Neutrophil (* )

12.200
47.00

12.100
43.00

12.250 
<44. J 3

12.050
44.50

12.700
47.00

1-.400 
43.0 )

12.450
43.50

12.250
44.00

12.200 
46.0 3

12.300
45.00

Absolute count 
neutrophils ( l 03/mm3) 7.191 5. *+51 3.393 3.49 5.369 j.J^o 3.642 5.391 5.608 5.532

Lymphocyte (,a) p1.00 53.00 o3. 50 5*+. 1J 51.0 j o1. >o P2.5Q 53.00 52.50 31.30

Absolute count 
lymphocytes ( 103/mm3 ) 5.365 6*404 6.343 5.312 6.4/7 6»_>24 6.536 6.4 y1 2.2/7 b.336

Blood coa0ulation 
time 4.00 4 .u ) 4.0 ) r « 4.00 4. ' 4 .oo 4 . JO 4.00 4.00

*  r  «c  0.03

VnVO
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Fig*4, Ileum (G r . l l )  -  Goblet coll hyperplasia urch
in f i l t r a t io n  o f lymphoid c e l l s ,  macropha0c3 and 
neutroph ils. H <Sc n x 400,

F ig.5. Lymph node (G r .l l )  -  Depletion of lymphoid, cells  
in the cortical and paracordeal aieas.
H 8c £ x 250.

F ig ,6. Thymus (G r . l l )  -  Oedema, ri «  E s  400.





Blood chemistry

Ae&n values are shown. in  t^ole 10* The redaction in. 

to ta l serum proteins was sigm fxcant. There /as s ign lfic -n t  

rise  xn BUN* creatinine and icterus index, Hise in  nLP and 

3G0i was highly sign ificant, icid phosphatase leve l rise  

was sign ificant, Alteration in. 3GFT was not significant.

Urinalysis

The pH of the urine was lowered from 9 "co 7 by the 11 u*i 

week of experxnont* From the 23tn v-wc onwards tne reacti m 

became acidic wit a p i £> B ilirubin  appeared in  the urine by 

the 1 3th we ex and tnere was mod era ue amounts ox i t  in  urine 

througnout tne experimental period, <JroDiliao0oa was present 

in  traces in  the urine of both tost animals fr^ i tne 2Jtn weei 

on/ards. Albumin was noticed by the 1 at a wee v. Concentration 

of albumin, increased from the 2utn week to tne terminal stage 

of experiment in the test animals, Urine sediments revealed, 

presence of renal epithelia l ce lls  and transiCional epithelia l 

ce lls  from tne 2Jfeh weex. Squamous epxtnelial c e lls  were 

present In  the urine througnout the experimental period. Feu 

pus c e lls  were observed from tne 25th week,

Patho-anatomy

Autopsy findings

The carcase was emaciated, and subcutaneous fat was pale
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T ab le  10

Blood Chemistry -  Group 111 -  J-an values
__ ________   _____________  Group_ill A_____ _ _____ _______ ______________

Parameters ____~ ________________   i «L 2 £  -222 ~Y2£i22 J L ^ ^ L -  ____   _
Before 14 28 55 34 112 140 168 196 224

 nnmafl̂n_ ,. S 2

Total serum 
procems (g/dl) b,
Blood urea

Icterus inciex 
(let_rus units)

Alkaline phospha­
tase ^3.h.8. units}

Acid, phosohatase

Glutamate oxalo- 
acecic transaminase 
(It. P. units) 7:

Glutamate pyruvic
transaminase
(ii.F , u n its ) t

5 .1 7 5 5.50 4.55 4.40 4.15 5.80 3.50 3.10* 2.90*

16. JO 16.7) 25.35 2j.Z5 2 3. 90* 29.90" 32.70 «■ 34.50* 37.40s
► 0.915 0.95 1.05 1.17 1 .4up'• 1.3p* 1.37" 1.92* 1 .96*

1.45 1.46 1,43 1.50 1.59 1,o2 1.63 1.73 2.19^

5.65 6.pj? 8.75 9.25 9.75 10 . ■‘f 9 12.00* 12.35* 13.55*

> 0.65 0.695 0.705 ).70j3 0.74 0* /4y' 0.743'f 0.70* 0.705*

17.00 151.00 168.00 203,304 248.00* 245.90- 263.00*278.00* 29 4.00*

4.00 4.0 ) 5.00 2.30 6.00 7.90 4.50 7.50 5.50



(C o iitd# . .  Table 13)
Groom 1 1 1  J

rurcuae ters
Before ^  
expt. 23 56 34- 112 140 163 196 224

Total s^rai proteins 
(g/dl) 6.4 6.25 6.35 6.55 6.55 6.-+5 6.40 6.55 6.45 6.45
Blood urea 
nitrogen (rag/dl) 11.41 12.61 12.65 12.15 13.10 1 5 .1 0 12.80 12.15 12.15 12.80

Creatinine
(m g/d l) 0.303 0.315 0.92 0.91 3.91 0.31 3. 31 0.31 0.913 0.31

Icterus index 
(Icterus units) 1.15 1.25 1 .15 1.18 1.02 1.00 1 .02 1.02 1.10 1.03

Alkaline phospha­
tase ,̂x3* units) 4,75 4.73 4.90 0.25 3.2p 5.25 3-40 5.25 5.0 j 5.65

Acid pho3pnatuse 
(3 .L .3 . units) 0.66 0.605 0.645 0.70 0*6o 0.69 3.66 0.71 0.62 0.71

Glutamate oxalo­
acetic transami­
nase (rUF.unit3) 73.03 70.30 71 *03 73 *o j 85. 0j 75.03 77.03 77.03 74.03 31.00

Glutamate jyruvic 
transaminase 
(d.F units) 4.73 2.50 2.50 2.50 3.0 a 2.50 500 4*00 2.50 6.00

*  ?  <C 0 ,0 5



yellow with moderate gelatinisatxon. Superficial lymph 

nodes were sligh tly  swollen, lAvur was enlarged and pale. 

Gall hladder was distended, with greenish b ile , spleen was 

moderately shrunken. The suriaca of the xiGne/o and cortical 

parenchyma were d iffusely  pale, ,-tenal fat was /cllowisn o.jd 

gelatinised* Humeri mucosa reveaied tnree cir cxiscrioea 

ulcara of about 2 msi diameter wixh slign tly  raa.o„u bord-is. 

The mucosa of tne aoo aasnaa and intestines was aoaorately 

hyperaemc•

Hist o-pat ho1ogy

There was degeneration and n ecrosis  of the epithelia l 

c e lls  lin ing the proximal convoluted tubules o f the kidney 

and to a le s s e r  ext nit In  other augments. Unclear changes 

canp r is in g  of pyknosis, karyorrnaxis and k aryo ly sts  were 

noticed in  many ce lls . Desquamated c e lls , h y a lia  casts 

(F ig . 7) and M3  p o s it iv e  g lo b u la r  bod ies were p r2sent m  the 

lumen. dome of tne collecting tubules were dilated and 

contained granular casta (Fig* 3 ). Jeg3auratj.cn and focal 

n ec ro s is  of the endothelium and epit idiom of tne g lom eru li 

could be seen. There was thic seeing of the oaso rent merabr-rie 

and accumulation uf f io r in  m  oetwoen the c a p i l la r y  loops, 

noderate thiGksning occurred in  the basement membrane of the 

•eubulas also y.Fig.9)*

Some of the glomeruli were shrunken, eosinophilic
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Fig.7. Kidney (G r .I I I ) -  Degensrative changes in  the 
epithelium of the tubules some of which 
contain, ce llu lar debri. II & D x 250*

F ig.8. Kidney (Gr.XH) -  Dilatation of tubules.
Denuded epithelium and hyaline oodies in  the 
tubules. H L x 250*

F ig .9. Kidney (G r . I I l )  -  Thickening of basement
membrane. Loss of brush border of the epithelium 
of proximal convoluted tubules. Degeneration 
of cells in  the glomeruli. PAS x 250.
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fibrinous material was observed m  the capsular space of the 

Bowman* s capsala. fne caosulur membrane was thickened and 

degen? atlon of epithelia l c e lls  could oe observed*

In tne liv e r , fatty  changes of a fcw hepott-ocytcs were 

seen in  tne portal a* _*a. 3o ie of the ce lls  were necrotic* 

deplace aant nodule formation was o^servec in  >a u  zocl, 

d iId  b ilia ry  ep ithe lia l proliferation  was seen*

Ulcers were pres snt m  the rumen muoosa. fneuo ulcers 

were in filtraces  with mononuclear co lls  ^Fig.1J1• Vacuolat- 

ion of epithelium lir&ng the v i l l i  of intestines was obs-rved. 

Numerous eosinophilic granules v/ere seen in  tn^ glcnidular 

epithelium of the xnio^txnes, tod^raxe depletion of lymphoid 

c e lls  was seun in  tne spleen and lymph node* iedolla was 

oederaaxous in  sons lyapn nodes.

Intraoentoneal administration of toxin*

^roup IV

The tost animal Gr.x? a  which recexvee ocor at oxm at 

tne rate of Z*j mg/Kg boay wexght was v is-o ly  i l l  frox tne 

second day onwaras. uppexixs was poor ana novecierus ware 

staggering. Jy the fourth day i t  was completely wff fa„d 

and prostrate and was sacrificed.
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C lin ica l Pathology 

Haematology

laematological values are anown in  tabic 11. a marks1 

reduction in the number er/tnroc/^cs was oos°rvocU

Thor© was red. tction m  tne values for haemoglobin, paci. d 

c e ll volume and total leukocytes. The^e was rise  in  the 

re lative  and absolute count of neutrophils on the second am  

fourth day. dartt-a redaction in  the rela.tive and aosolute 

count of lymphocybos was observed on the thira am fourth 

days w u le  Olocu coagulation tiae was found increased. The 

values ox* tne control animal remained wifciin normal ranges.

Blood Chemistry

The values are given in taole 12. There was a reduction 

in  the level of scrum procain. derum creatinine and icterus 

ihdwx were found increased. The levels of A ir , iWF, ^ddT 

and 3^?: increased during tne exoerimentai oonod.

HaematolOoical values and biochemical valuos of blood were 

wit run normal ranges in the control aniaal.

Urinalysis

jloaerate to high concentration of procein rus detected 

in  the urine on the second and third day. B ilirubin  and bloxl



Table 11
Haaaograa -  Group IV -  ileaa values

Group 17 A j l r  oup IV B__

Parameters Puriad of dbseivation (days)
Before -j 
_exgt._________ 2 3 4 oafore ^

■JKSElsi___ - ___ _
2 3 4

Total erythro­
cytes (11 /wa?) 16.93 16.90 16.00 10.50 10.11 12.52 12.62 12.42 12.45 12.50

Haemoglobin
(g/dl) 9.20 9.20 9.00 3.00 3.00 3.00 9.0J 3.00 9.00 9.00

Packed ce ll
volume ( 25.00 25.0j 23.00 22.00 22.00 23.-.0 26.00 23.00 23.00 23.00

Total leukocytes
OO^/mpr5) 16.90 15.u0 15.50 11.65 11.500 11.600 11.30J 11.600 11.600 11.500

Neutrophil ( i ) 36.00 36.90 45.00 52. 00 53.00 32. a ) 38.00 37.00 33.00 35.00

Neutrophil absoluee 
c o u n t ^ j , ^ ) o. 034 3.500 6.375 6. 058 66.70 3.712 4.484 4.292 5.230 4.025

Lympaocyte (/j) 59. 0) 52.00 52.00 46.00 40,00 66.00 61.00 52.00 o4.Q 62.00

jL,/aphocyte absolute
count (10^/ua^) 9.971 3.060 8.060 5.353 4,600 7.656 7.198 7*192 7.130 7.130

Blood coagulation 
time (fain.) 5-00 3.00 10.00 11.0J 12,00 ^.oo u.oo 5. Jo 2.0  j 5.00

*  P <  0.05
c\0%



Table 12
aiood Chemistry -  Group XV -  Mean values

_̂_JarCU£_XV̂ A__   _ __ ____________________
-.2̂ «2̂ 5S]T£!:'Ei£:S JL4S£§1. 

3 h B s f ?r a  1Before ^
6Xpt« 2 5 4 Before  ̂

expt. 2 3 4

Total serum pro­
teins (g /d l ) 7*50 7.50 5.20 5.00 3.30 5.60 5.50 3.50 5.60 5.60

Blood urea nitrogen 
(mg/dl) 15. JO 15.30 20.00 23.50 30.60 12.00 12.00 12.40 12.40 12.00

Creatinine (mg/dL) 0.96 0.96 1.00 1.25 1.25 1.00 1.00 0.90 0.38 0.98

Icterus index 
Uctt-rus units) 1.00 1.00 2.80 u*32 3.32 1.50 1.20 1.30 1.25 1.20

Aliialxne phosphatase 
(B.L.a. units) 4.63 5.00 6.7 0 10-40 11.50 4.50 5.0Q 5.00 4.50 4.50

acid phospnaiase 
(B.n.B. units) O.oO 0.60 0.9o 2.93 3.17 0.57 0.35 0.40 0.40 0.37

Glutamate oxaloacetic 
transaminase
(d.F. units) 65*00 72.00 112.03 360.0. 392.00 72.00 74.00 69.00 73.00 73.00

Glutamate pyruvic 
transaminase 
( \*F. units) 2.0 0 2.03 5.00 7.00 10.00 3.00 3.00 3.00 3.00 3.00

*  P <  0.05
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were present In small quantities* i4icroscooxcal m:& aination 

of sediment revealed presence of a few erythracy^ s, renal 

epithelial cells and squamous epifcnelial cells* ii/alins ana 

granular casts were pres nt froa, tne third day. Fa,/ nuno rs 

of neutrophils and transitional epit ie lia l cells alao were 

present*

Patho-anatomy

Autopsy findings

Carcase was emaciated with gelatinxaafcion of tne subcu­

taneous fat* Guocutanaous tissue was slightly icteric* About 

20 ml of pale yellow flu id  was present in the peritoneal cavity* 

Qnentua and mesentery were moderately oedematous and vessels 

congested, Surface of liver was pale and occasional areas 

of eccnymoses and petecmae were seen* Porenchyuu was soft*

Gall blaadur was dxstendeu witn bile* Ihure modur*de 

enlargement of both kidneys* Surface of kidneys was diffusely  

pale. Cut surfaces revealed pale areas alternating with rad 

streaks, fnere was gelatmxsation and icterus of tne racial 

fat* Urinary oladder contained sparse amount of dark /allow 

urine, Abomasa! mucosa was swollen and hypercm-c* uaoosa 

of the large intestine was moderately nypejasaxe, Ho gross 

lesions were ooserved in the control animal*

Hxsto-pataology

iiicroscopical changes were prominent in  fcno tissues of
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the test animal. In the kidney, cloudy swelling and vacuolar 

degeneration of tne proximal convoluted tabular epithelial 

ce lls  were prominent 1031003. Presence of desquamated cells  

and granular casts in the lumen of these tubules and, those 

of the collecting tubules was noticed. Several of the tubules 

were devoid of thoir lining euithelial cells and were found 

distended. Hyaline bodies were present in the la .on of 

soae of t lese taaulcs. Degeneration and focal ..ecrosia of 

the epithelium of tne denle’ s loop and d istal convoluted 

tubules were observed. Several of the glomart.li if ere shrunken 

(Fig*11). -uosxnophilic granular materials wo. a present in, 

the Bowman’ s capsule. There was tinea:-ning of c «asc a ant 

membrane of tie  tuoulos and glomeruli. Free erythrocytes, 

some of them in the process of haemolysis, wore present in tho 

lumen of tubules and m  tne in te rstit ia l tissue, .iuaaorr- 

nagcs v/ere severe in the ascending limos and collecting tjoules,

Moderate fatty coange was present in  the nc latic cells  

of the portal anas* There was degeneration aid frank 

necrosis of centnlooular hepacocytes and nuclear changes 

like pyknosis, karyorrnexis and karyolysis were prominent.

Some of the c e lls  were in  mitotic division, Hal lory bodies 

were present in a few liver ce lls . Dilatation of the sinu­

soids and presence of lakes of blood in these areas was 

observed, when tne reticulum staining was employed disrujfcion
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6 3 (1 )

Fig.10* Rumen (G r .III ) -  diceratxon* Denudation of 
epithelial lining and in filtration  vjlth 
mononuclear cells , rl u 3 x 250.

F ig .11. Kidney (Gr.XV) -  Shrunken glomerulus.
Degeneration of tuoulor epithelium and 
hyaline casts in tubules. H & L x 400.

F ig .12. Pituitary (Gr.1V) -  Degeneration of 
acidophils. II & E x 400.





and collapse of the reticu lar network m  focol coaid

be noticed. B ile  stasis and a m id decree of b i l -  dactular 

pro liferation  the other caoag.s in  l iv  r »

Degenerative changes were present in  the l i  ling ce lls  

of the rumen epithelium, Few small ulcers wem oos rved. 

xibomagal macosa was hyperemic ana oede natous. d/peremia 

and oila s p it le l ia l  degeneration were observe, i  i t ie  nucosa 

of small intestines and colon. Increased gob I t  c e ll  

aetxvicy was observed In the colon*

±n the lyaph nodes, there was lose of XolLu-jlur 

architecture wifn depletion of lymphoid cells in  the cortical 

and paracorticol ar-as and replacement with retieuioendo- 

tn e lia l c a lls , Severe oedema was seen in  the nod ilia , Oedema 

and depletion of lymphoid ce lls  were prominent in  tne tnymus 

also.

iyparplas.ic nodules ware present in  the adi~nal cort~x. 

jome ox tne acidopnils of tna pituitary showed granular 

degeneration (F ig .12).

In  the ovary, degeneration and necrosis of large number 

oi granulosa ce lls  and neutrophilic in filt ra t io n  of the 

stroma were observed.

Group V

This group received oenrato cm at the ra .e  ox one aig/Kg
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body weight• The animals became slightly inactive and 

appeared lis t le ss  from the second day. These clxm cal 

signs of illness became sligntly more severe by the fourth 

day.

C lin ical Pathology

rlaem otology

Haematological values are shown in  table 13* Signi­

ficant reduction in tne total erythrocyte count was noticed 

in  one of the best aninals. deduction m  the haemoglobin 

concentration was significant only in  one animal, iilignt 

reduction in packed ce ll volume and tocal leu^ocyue was 

noticed, deduction in the absolute lymphocyte count occurred 

on the second day, xto a lt-ration  was observed m  the ery­

throcyte sedimentation rate and blood coagulation tine.

Blood cnemistry

Mean values are shown in table 14. The redaction in  

total serum proteins was significant in  one of the tost 

animals. There was a significant rise in  blood urea n itro j-n  

and creatinine leve ls. There was a rise in  ici^rus index. 

There was increase in  the levels of serum ALP, AbP, GOT 

and GPT,

Urinalysis

The reaction of urine became acidic by the second day.
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Table 13
Haoiaogrom -  Group V -  Mean values

Parameters
-----------

Period of observation ( ciays )
_Grou£j/__I -----------

3efore 
jsx g t ._ 1 2 3 Before 

- 22Si££__ 1 2 3

otal erythrocytes 
10^/sui ) 17.09 14.15 14.33 f 14.00* 14.175 13.79 14.035 13.975

aesaoslobin (g/dl) 3.10 7.90 7.70* 9.50 9.50 9.50 9.50 9.50

acked cell volume
/a) 27.00 27.00 26.70 26.70 29.00 29.00 29.00 29.00

otal leukocytes 
l05/raa5) 13.40 13.95 12.25-* 12.300* 11.400 11.90 11.50 11.40

eutrophll ( i) 36.50 44.00 4 b.03 44. OJ 30.50 41.00 39.50 33.00

eutrophil absolute 
ount (10^/asf*) 4.969 6.172 5.6025 5.496 4.152 4.832 4.5395 4.562

ysnphocyte ,i 62.50 55.50 52.30 53.50 61.50 57.00 59.00 60.00

ytaphocyte absolute 
ount (10^/iaa'>) 3.297 7.425 6.352 6.406 7.020 6.779 6.733 6.904

lood coagulation 
ime (aun.) 5.00 4.50 5.50 5.00 ■4.50 4.50 5.00 4.50

* P <  0.05
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Table 14
B lood  Cheau.stry -  Group V -  llaan V a lues

Group V    __    ___ Group ,V. 8
Parameters    ^ ________________?^£i24-2£-2^5£,3XSti2S-ti3£Sl______

Before
exgt. 1 2 3 Before - 

expt. 2 3

?otal serum
>roteins (g/d.1 ) 5.40 5.35 5.35 5.30 3.55 5.50 5.50 5.55

flood urea ni trogen 
,mg/dl) 12.30 20.50* 24.30- 24.30* 11.90 12.30 12.20 11.30

Creatinine (mg/dl) 1.00 1.55* 1 . 60* 1 . 60* 0.99 0.99 0.94 0.93

Icterus index
(Icterus units) 1.40 1.96* 3.12* 3*53v 1.30 1.20 1.30 1.25

filkaliae phosphatase 
(3.L.3. units; 5.50 7.05- 7.70- 0. 00* 5.05 5.00 5.25 5.00

Acid phasohatase 
^3.i . 3. units) 0.41 1.23 1.7 : 2.06 0.36 0.35 0.335 0.375

Glutamate oxaloacetic 
transaminase
(R.F. units) o9.50 107.Oo 135.00 205*50* 73.00 69.50 67.00 70.00

Glutamate pyruvic 
transaminase
( a .P . units) 3.30 5.50* 6 .0 j^ 7 .00* 2.oO 2.50 2.50 2.50

<  0.05



Traoes of protein appeared cry this time* Ir  cos of bilxruoin, 

blood and ketone were ooserved in the urine of tne test animals 

during tne third and fourth day* Jnnary sediment showed, 

stray numbers of renal epithelial ce lls  and granular casts 

from the second day onwards*

Fat ho-anato my •

Autopsy findings

Lesions were observed m  tne liver, kidneys and gastro­

intestinal mucosa* There was slight hepatomegaly and pallor 

of the l iv  parenchyma. Sectioned hepatic tissue nod a cooked 

up appearance. Gall bladder was partially  disleiJ.ed with 

yellowish green o ile . Both kidneys were slightly  swollen.

Tonal cortex was moderately pale and medullary vessels engorged. 

Urinary oladder co itained sparse amount of dark yellow urine. 

Gastric and intestinal mucosa were moderately h/pcaeaic. 

Perirenal and suocutaneous fat appeared gelatinous. About 

20 ml of pale yellow flu id  was present in the peritoneal 

cavity* Omentum and mesentery were moderately ocdematous and 

vessels congested.

Histo-pathology

Degeneration, necrosis and desquamation of the epithelial 

cells  of a large number of proximal convoluted tuoules were 

prominent (F ig .13). Foc~l tubular atropny and destruction
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leading to d ilatation  was observed in  a few sections# These 

cysts weie f i l le d  with casts and cellu lar deon . Several of 

the tubules go rtained deeply eosinophilic homogeneous sab51- ice, 

/arying degiee of parenchymatous degeneration and vacuolar 

caanges wore present focally  in  the co llectin ' uuoules of tno 

medulla. Pew of tne ep ithe lia l c e lls  of the glo leruli had 

unds-r^ona vacuolar changes (F ig .14;. The so glo icra li appear cd 

to occupy the entire capsular soace while a f 0 otuers weru 

atrophied, ilod crate thickening of tne 3owmoa* 3 capsule was 

seen. The capsular space beneath the membrane contains cu.il 

debri und fin e ly  granular material.

In tne liv ~ r , fat fey changes occurred in  scattered hepato- 

c/tes while most other ce lls  suxfered parencnym-cous degene­

ration. Few nepatocyces were necrotic. Central veins were 

moderately congested. 4ild c ilia ry  proliferation  was evida.it •

Focal ulcer formation occurred in  the rumen of one of 

tne animals. There was degeneration and focal necrosis of tno 

mucosa of fchs abomasum. Suomucosal oedema was noticed. I< ocal 

vacuolar degeneration, necrosis and erosions were ooserved in  

the lin ing raucosa of small intestines and colon. These areas 

snowed moderate in filt ra t io n  of mononuclear c e lls . In focal 

areas, collection  of lymphoid co lls  in  groups was observed. Tno 

necrotic epithelium together with the inflammatory exudate
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famed diphtheritic membrane aver tne mucosa xa a few places. 

Goblet ce ll a/perplasia was moderate in  the colon* Meera313 

and desquamation of the glandular epithelium wore seen in saae 

sections of intestines. Focal destruction of the epitaela.ua 

of the V i l l i  was noticed.

,/ell defined lymphoid fo llic le s  were aase.it in  the lymph 

ncbe. Oedema of the meuulla and depletion of l/mpnoid cells 

in  the cortical and paracortical areas were seen. Depletion 

of lyaphoid cell3 in tne spleanic cor pussies was a prominent 

lesion. /Idening of the zona fasciculata was the change ooscrved 

in  tne adrenals. A few fo llic le s  of the thyroid were devoid 

of the colloid, fnere were focal areas of hyperplasia of the 

epitaeliul c slls. Degeneration of acidophils in focal areas 

was observed xn tne pituitary. Degeneration and desquamation 

of seminiferous epitaelium was seen in few tubules of the 

12S'fciS«

Macroscopical and microscopical lesions weie aosent in tne 

controls*

Group VI

Clinical ratnology

lost animals in  tnis group w^re given ochrucoxin. at tne 

rate of 0*5 mg/kg body weight by intraperitonoal route, Iney 

were found slightly indisposea with poor appetite from second 

da*, ihe animals were sacrificed on the fourta day*
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daematology

The mean values are snown m  table 15* Blight reduction 

in  the number of total erythrocytes was noticed on tne tmrd  

day. Tne haamoglaoin concentration was significantly reduc el 

in  the test animals. Significant reduction in the packec. ca ll 

volume was observed on tne foortn day. ieduction in  the total 

white c e ll count was not significant. The absolute count of 

lymphocytes was lowered. There was no slgm_iC uit alteration  

in  the blood coagulation time and erythrocyte se 'mentation 

rate during the ex oerimental period m  the tJsz ixiouls. 

matolo^ical values for the control animal re fin e d  ui u m  nor lal 

rcu^e throughout the period of experiment.

Blood chemistry

The mean values are shown m  table 16* Jo significant 

alteration was obs rved in the total s^rom procein concentration 

in  any of tne animals. There was an increase in  BUA and blooi 

creatinine levels on the fin a l day. The alteration was not 

statistica lly  significant. The elevation of Anr level was 

significant. The alteration observed m  acid phosphatase 1 vcl 

was not significant. GOT level in  serum was ale rated fro i tne 

second day oa/ards. A rise  m  glutamate pyruvic transaminase 

level m  serum was observed on tne second day, Th5se alterations 

in  enzyme levels were not significant.
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Table 15
Haematology -  Group VI -  Mean values

 Qbcaua.ii-4___________________~ _____   Scaai3L?i-§______
Period of observation (da/a)UCi 5

Before - 
expt. 2 3 4 Before

expt. 1 2 3 4

Dotal erythrocytes 
,10°/mar5) 13.435 13.29 12.41 11.69 11.39 12.52 12.62 12.42 12.49 12.56

laeiaoglobin (g/dl) 10.20 10 .10 9.70 9.90 9.90* 5* Ou 9.00 9. JO 9.20 9.20

’ac’ced cell volume
>#) 23.70 29.30 23.50 2 j.50 23.40* 21.13 23.20 23.00 23.60 23.00

Dotal leukocytes
k1Q /aim } 12.200 12.25 10.050 10.350 10.450 11.60 11.30 11.60 11.50 11.0 0

Neutrophil ( *) 35.00 37.50 *44.00 46.50 46.01 02.00 33.00 37.10 37.00 36.00

Neutrophil aosolute
jount (10 /mia ) 4.261 4.552 4.6o3 4.312 4.803* j.712 4.484 4.292 4.255 5.960

-.yiaphocy ta (» ) 63.00 Su.Ql 5 4.00 52.0') b2.50 6 j.lo 61.00 62.00 62.00 61.00

lymphocyte absolute
uount (lO'Vam ) 7.335 7.35 3.429 5.305“ 5,436* 7.636 7.193 7.192 7.130 6.710

31ood coagulation
;iaia 4.50 4.50 4.50 ■*4.50 4.60 4.50 4.50 4.50 4.50 4.50

* P <  O.Qo



.Fable 16
Blood Chemistry -  ^roup 71 -  Mean values

 ____________________  - _-_______   - _-___________ droo£_£I_3_________

Par aic tera    -r- i ^  “ ..9fia£aS£i2i.V.45<!Si--------------------------------------------

_ir _____  ££eitii___ 1___   1 _______"1__ .__- I I ___
Before 1 2 3 before i 2 3 4

Total serum proteins
(g/dl) 6.35 5.20 p.13 5.13 3.20 5.60 5*50 p.50 5.60 5.60

Blood ursa rutro&^n
kmg/dl) 11.90 12. >0 14.0) 1p.3p 13.35 12.de 12.00 12.40 12.00 12.00

Creatinine (.og/dl) 0.33 1.0o 1.60 1.60 1.60 1.00 1.00 0.90 0.3d 0.93

Ic i-r is  index
(Ic ' erus units) 1.10 1.10 1.25 1.10 1.00 1.30 1.20 1.30 1.25 1.25

Alxuiine phosohubase
( 3 . 1,. >. uaito) 5.50 5.00 7.05 7.50' 7.25* 4.50 5.00 5.0 3 4.40 4.50

Acid phosohaud.se
(B .l .3. uixts) 0.36 0.41 1.40 1.40 1.10 0.37 0.35 0.40 0.40 0.40

Glutamate oxalo­
acetic transaminase
(k.F. units) 66.50 73.00 107.03 107*00 102»50 ?2.QQ 74*00 69*00 72.00 72.00

Glutamate pyruvic 
transaminase
(t .F . um .s) 2.50 3.00 4.00 3.50 3.00 3.00 3.00 3.00 3.00 3.00

* --> <  0.05
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Urinalysis

The pH of urine was lowered from 9 to 3 in  tne tost 

animals. Traces of b iliru b in  and urooilinogen w>~rc noticed 

on the third day* Sedirn nt revealed moderate nuniD̂ r of 

squamous ep itae lia l c e lls , few transitional epithelia l ce lls  

and stray renal epitnelia l c e lls . Urine samples of the 

control did not show any pathological alteration.

Patho-anatomy 

Autopsy findings

Slight and diffuse pallor of the hepatic par nchyma was 

noticed. Gall-oladder was partia lly  f i l le d  witn preenish 

yellow, sndora^ly  viscous b il^ . Surfaces of bntn ;iun ys 

w 5re moderately p a l-. Lignt red streams and spots were present 

in  focal areas in tne cortex and ledulla. Urinary bladder 

contained moaerate amount of yellow urine. *‘oru stomacns 

ware partia lly  disbanded w iti food. Abomasa! and intestinal 

mucosa were oedenatous and moderately nyperaenic.

‘ilsto-pathology

Histological lesions were limitod mostly to tne epithelia l 

c e lls  lin ing the proximal convoluted tubules and uo a le ss -r  

extent in  otner parts of the tuoulcs. Some of tnese ce lls  

were enlarged and contained granular eosinophilic material
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in  their cytoplasm* Geveral tubular lin ing calm  had lose  

their oruah border. Juclcar conaensation was observed in  

some, Granular aeon and a lew rounded and desquamated ce lls  

were pr3»~nt in  a few tuoul^s. Stray ce ils  of tn^ denle’ s 

loop and d ista l convoluted tubules revealed retrogressive  

chang~s, lodcraoe congestion of cap illaries and venules 

was so«n in the cortex and. medulla, Parancn/matous degen­

eration of hepamoc/tea m  scact ̂ red foc i was evident, hi Id 

degree of b ile  ductular proliferation  ^ould be noxiced, 

dypeaoaia of vessels was ooa-rv^a m  the aoonasum and small 

in t is t i.i-s . The lamina propria and suoaucosa snu/cd oedema.

H istological lesions were not evident in  tu* tissue of 

the control animal.

Intravenous Admini strati on of loxin.

Group /II

Animals received ochratoxin at the ra^e of 2*o hg/xg 

boa/ weight. They oecume vxry weak and were sacrificed in  

extremis at 2*+ nr post administration.

C lin ica l Pathology

Haemutolo0y

efean values ar~ snown m  table 17, Slight reduction in  

erythrocyte count,»haemoglobin concentration and to t - 1  leukocyte
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Haeaogram ~
Table 17 
Group VII - ’ lean values

Group %It!
filIIIIIIi VII B

[J m 'l >y> .<*■> 4» , ■ -**><31
_________

Period of observationiaruialSw &FS
Before

_________
24 h Before

__________
24 h

6 3Total erytnrocytes (10 / am ) 13.635 11.24 14.30 14.00

haemoglobin (g/dl) 3,30 7.40 8.00 8 .0J

Packed ce ll volume (/o) 24.50 25.00 27-00 26.30

Total leukocytes (103/mm3) 15.300 12.500 15.500 15.400

Neutrophil (/o) 23.50 53.50 33.00 39.00

Neutroahil -  aosolute^ X

count (10 /an ) 3.542 8 .  2  j o 5.733 7 . 2 0

Lymphocyte ( S) 76.00 33.00 60.00 53.00

Lymphocyte -  aosolute count 
( 1 0 3 / m a 3 ) 1 2 . 0 0 2 5 . 0 1 5 9.300 3 . 0 3 6

Blood coagulation rime (au»i.) 4.25 5.00 4.00 4.00

*  ? <  0 ,0 5



count was observed# tfhile the absolute count tar neutrophils 

showed an Increase, the lymphocyte count was seen decreased#

No alteration was noticed in the erythrocyte sedimentation 

rate or blood coagulation time.

Blood chemistry

Mean values are given in table 13* There was a reduction 

in the concentration of total serum proteins by tne 24th hour# 

A rise  m  blood urea level and icterus index was noticed 

during tne f i  lal stage# Slight elevation in creatinine level 

occurred by the 24th hour# There was marked rise  m  the level 

of serum ALr", ^CP, GOT and GPi’ level in  the i,est animals.

Urinalysis

The pri was low-red froa 9 to 6 at 24 hr post administ­

ration. urine samples were positive for prat oi i, o ilirubm  

and urobilinogen. dedinent showed arytnracytes, renal 

epithelial c a lls , squamous epitaelia l cells ana granular casts. 

Few numbers of transitional epithelial ce lls  and n-utropmls 

also were seen. Patnological cnangea ware not oos-rvwu li ­

the urine of control animals.

raxho-anacomy

Autopsy findings

Petechiae and acchymoses were present in t le uuDcutanaous
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Table 18
Blood Chemistry -  Group VII -  lean values

Group V I I_ A  ____ Group ..VII _B_ u
 Period. oJ obsorvcyclon^daya^ ib

Before
exot. 24 h Before

ex f̂c. 24 h

Total serua proteins (g / il) 5*40 3*55 3.30 5.30

Blood urea nitrogen (rag/dl) 13.60 21.50 13.10 13.10

Creatinine (mg/dl) 1.1 0 1 .43 1.00 1.00

Icterus Index (icterus index) 1.975 3.075 1.90 1.95

Alkaline phosphatase 
(3.L.3. units) 4.95 20.50 4.50 5.00

Acid phospnatcise ( i.u.J, 
units) 0.47 3.84 0.35 0.37

Glutamate oxaloacetic 
transaminase (l .F .  unlxs) 68.50 442.00 70.00 70.00

Glutaraatie pyruvic 
transaminase (R.F. units) 8.00 15.50 5.00 5.00

Lactic dehydrogenase 
(C.d. units) 174.50 303.50 200.0 j 200.00

* ? <  0.05



tissue on the ventral aspecc of the aboo a an, orxbk~t, fla res  

and on tne liver surface* About 100 al of clear, pale flu id  

was present in the abdominal cavity* Liver was moderately 

enlarged and pale* depacic pax encn/ma was soft and oily , 

nianeys were too.er at el/ swollen and pale, Sonera Le quantity 

of dark yellow urine ,/as pres,at u  the urinary bladder.

^oo aas«±l mucosa was hyperemic and oedema <*ous. xollowisn flu id  

coat c its were present m  tne lumen of small intestines. Con­

tents of caecum, colon and rectum were semisoiia* oicosa of 

intestines was moderately hyperaemic and oeut=uatQU3 . fhere 

was no morbid change in the carcase of the control.

r : i s t o~oa  uh o l ^ y

Lesions in tne kidneys involved mainly the tubules and 

glomeruli, degeneration and necrosis of tne epithelial cells 

were observed m  a large number of proximal convoluted tnoui-o. 

Sim/ lor cnanges also were noticed in  some of the rleile*s Ipops, 

convoluted tubules and collecting tubules. Cellular 

debxi and casta were present in some of tne tubules* Vacuo- 

1 at ion and swelling of tne endotuelium and eplt lelium of many 

glomeruli were observed (F ig .15)* These glomeruli appeared 

to f i l l  tne capsular space. In some others proteinaceous 

m at-enals and cellu lar debris were present in  the capsular 

space. Lining epithelial gsIIs of the Bowman*s capsule revealed
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degeneration and necrosis. Degenerated and desquamated 

epithe lia l c e lls  were observed in  the ducts of Dallem .

Changes in  the liv<.r were mainly necrotic in  nature.

Few c a lls  around the central veins only were preserved. 

Porencaymafous degeneration and fate/ cnanges ware oos-rved 

in  some of the paracentral hepatocytes* In otn_r areas, 

eosinophilic granularity of the cytoplasm and dispersion of 

the nuclei were evicent. Pykaosls, karyorrhexis and 

karyolysis of nuclei were a l l  v ry prominent kPi£.1 o ,i7 ) = 

Hyaline structures surrounded by a nalo were s_ -a  in  some 

c e lls . The reticulum framework was found disrupted xn many 

places and collapsed. Sinusoids were dilaced and the space 

of Disse oedematous.

Lymphoid ce lls  in  the lymph nodes and spleen revealed 

varying a agrees of necrotic cnanges. t ild  vacuolar changes 

v/ê e seen in scat cored ep ithelia l ce lls  lin irg  t ie  papillae  

of rumen end reticulum. Abomasa! mucosa was moderately 

hype»emic. Hi Id degenerative ch a fe s  wore so -a in  the e p iiia  

lx a l co lls  of the intestinal mucosa.

Vacuolar degeneration and necrosis occur ± ._d in  some 

of the acinar epitnelia l ce lls  of the pancr? as. _ neraciVs 

changes were present in  the adrenal medulla am ce lls  of aoni 

fasciculata*
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Histological lesiona ware not present in  the organs 

of the control.

Group V IH

The goats which received ocnratoxin i/V at the rate of 

one mg/kg body weight showed severe anorexia, incoordination 

and depression during the experimental period of one week.

C lin ical Pathology

Haematology

dean values are shown m  table 1 9 , redaction in  eryti- 

rocyte count was noticed but this was not significantly  

different from that of the control. Values for iauaogloom, 

packed ce ll volume, total leukocytes ani aosolute lymphocyte 

counts showed a reduction during the exoenmental period.

An increase in  blood coagulation time and aosolute count <£ 

neutrophils was noticed on the third day.

Blood chemistry

Mean values are given in  table 20. Total serum proteim  

was found reduced. Thera was elevation in  values fo r  blood urea 

nitrogen, creatinine and icterus index. The alterations in  

biocaemicul parameters were significant statistica lly *

There was rise  in  the levels of serua aLP, GjT aud JPf •

The increase in s-rum enzyme levels in the test animals w-s
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Table 1y
iiautao«3,ruua -  Oro^p V I I I  -  OIcc î va lues

 j^ o u o jr iii_A _  ________ ____________ - T - , . . TQgq^a_yiii._jQ
Parameters _ _____     ____

Before 1 2 3 Before 
exjjfc.

1 2 3

Total erythrocytes 
( 10 /̂snm̂ ) 1 o.6 i 16.30 U . J7 U »2 2 1 p.42 13.42 15.00 I p. 20

haemoglobin (g/dl) 10 .10 10.00 9.20* 8.50* 0.60 9.30 9.60 9.800

Packed ce ll volume
W ) 30.00 33.00 23,50 25.70 28.0 J 23.00 23. Oj 23.20

Total laokoc/tes 
( 10 /̂mm̂ ) 12.20 11.6 0 10.90 1u.s o - 12.60 12.90 12.50 12.60

Neutrophil (,6) 26.50 31.50 47.0 a so. 50 **1.0 0 40.00 45.00 42.00

Neutrophil absolute 
count ( 103/ nor*; 3.219 3.310 5 .12 0 j .343< p . 16b p. 16 0 5.625 3.292

Lymphocyte V/6) 63.30 67.50 51.50 pp.QJ 53.00 p o .O j 54.00 57.00

Lymphocyte absolute 
count dQ3/Tim3) 3.273 7.333 5.o13 3.6u6* 7.308 7.224 6.7 50 7.132

Blood coagulation, 
tim e ( a ln ; 4.75 5.00 6.00 ^ .25 4.50 5.00 4.50 ►.50

*  P <  0.05
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T4blc 20
Blood Cheuistry -  Group VIjlI  ~ iIcjui values

Group Y liljA . _ ____________ ___
 ̂ ^Period 0̂1 _obseirva ti on. _(,da^s)      ........

Before 1 0 3  Before 1 2 3
J&25&—._____, Jl ______ “£22‘ ,_____   .____  -

Total seruia proteins  
(g/u l) 5.9J 4.35 3.55 3.3u* 3.30 3.30 5.20 3.30

Blood urea nxw’ogea 
(mg/dl) 11*00 12.60 24.30* 23 .J3* 12.0^ 12.00 13.10 12.60

Creatinine (mg/dl) 1.02 1.04 1.52 1.19* 0.06 0.96 Q.9o 0.36

Icterus led ex 
(Xcteru3 un its ) 1.175 2.00 3.00 3.00* 1.40 1.40 1.36 1.40

A lkaline phosphatase 
(2 ,u *3 . un its) 4.75 3*6j 12.25* 14.70* 4.00 a . 50 4.50 4.50

Acid phosphatase 
(B .L.B* un its) 0.^25 1.01 2.32* 2.79" 0.47 0.40 0.45 0.40

Glutamate oxaloacetic  
transaminase
(R .F . un its) 65*00 110*00 153.00* 165.00* 60.0 ) 60.00 62.00 62.00

Glutamate pyruvic 
transaminase 
(R .F. un its) 2.50 5.50 0.00* 10. '0* 2.00 2.J0 2.00 2.00

x P <• 0.05 QjKQ



significant statistica lly .

Urinalysis

The reaction ox urine turned acidic on the second day 

of treatment. Urine samples contained low levels of protein 

from tne second day, Moderate amount of bilirisxn and slight 

quantity of blood were present on the second and third day. 

Microscopical examination of urine sediment revealed presence 

of moderate numbers of erythrocytes, squamous epithelial 

ce lls , renal epitaelial ce lls  and granular casts.

Patho-anatomy

Autopsy findings

Carcases of both the test animals were emaciated and 

there was gelatinxsation of suocutaneoos fa t. Petechia© and 

ecchymotic patches were present in the subcatis of the brisket 

and shoulders. Liver was pale, friab le  and had subcapsular 

naaaarrhagas. Gall bladder was moderately oadenAtGus and 

distended with yallowisn green bile . Kidneys were moderately 

engorged and congested. Sparse amount of yellow urine was 

present m  tne urinary bladder. Mucosa of tne abomasum, small 

intestines and colon was moderately aypeaemic and ©edematous.

Histo-pathology

In the kidney, large number of proximal convoluted 

tubules revealed degenerated epithelium* fha brusn oorders
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were blurred in ao® c oases a ,d were assent in oth. rs# 3one 

of the e >ithelial cells des*ua.iat<aa lauo tne tubular lumen* 

riyaline bodies were present in a fa*/ tuoulas# Sano of the 

lining epithelial cells hat iosunophxlxc , granular cytoplasm, 

pyknotxc nuclei and ruptured cell membranes* De~am rutlve 

changes were also evident in a few epitnelial colls of the 

collecting tubules and rienle*a loop. Granularicy of cyto­

plasm and occasional vaeaolacioa ware soon in the endothelium 

and epitnaliua of the glomeruli* Tne glomerular t u t s  in  

many cases appear^I to jo enlarged occupying tne en tire capsular 

space* Collapse o f a few glomeruli coula oa seon*

la  the liv< r # most of the hepatocytea had undergone 

parench/aatoua degeneration* Fatey changes were observed 

in d few aapatocyces of She periportal area* Sinusoidal 

engorge sent ard necrotic changes of a xew heoacoc/x^s in  

the paracentral area wore the other cnangea observed* ilild 

degree of b ile  duct proliferation was evident.

/acuolatioa of a few epithelial calls lining tie  

papillae of rumen and ret^c ilom .vas ooser/ei* hit >33 of 

abomasum and intestines was moderac.ly hyoeraaio* focal 

areas of epithelial damage with mild d-^grua of aomnucloar 

ce ll in filtration  were seen in the iluua and jejunum. Gtner
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organs and tissues did hoc reveal any histological lesion 

of significance.

Group IK

Aninals whicn received ochratoxin at tne ra^e of 0.3 mg/ 

kg body weight did not show any parked c lin ica l symptoms 

except slight weakness on the day next to  the administration 

of toxin, There was also redaction in feed intake for the 

f i r s t  two days aft -r toxin administration. Tne animals remained 

weak and lis t le ss  upto the seventh day whan tno/ were 

sacrificed. Tne control did not show c lin ical signs of i l l ” 

ness.

C linical Pathology 

Haematology

Mean values arc shown, m  table 21, Slight reduction in  

the values for total erythrocytes and haemoglobin was noticed 

on tne 7th day which was found to oe significant. Tne reduction 

in  packed ce ll volume in  tne test group was not significant. 

There was a reduction in total leukocytes and absolute 

lymphocyte values while the total neutrophil numb-r increasou#

There was no alteration in the erythrocyte sedimentation 

rate. Slight increase in blood coagulation time was noticed 

from the second day in the test animals.

Blood cnemistry

Mean values are shown in taole 22. Slight reduction in
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Table  21

Haematology -  Group SJL -  Hean values

Group tI 1_A_______________ _______     Group IX B
Par am *ters _____ i__________________ „ Period of observation  (days) _

Before * 0 * 7  Before ?
___________ ____ „ „ g e g t . ___J ,_______ t _______________________________ 1____ —t

Total erythrocytes
( 106/ ua ) 16.50 16.10 14.35* 1J+.45* 14.30* 12.52 12.25 12.00 12.50 12.60

Haemoglobin (g/dl) 10.50 9.30 9.40* 9.30* 9.80* 9.60 9.60 9.60 9.30 9.30

Packed cell volume 
(rf) 30.10 29.70 28.03 23.00 23.0) 26.30 28.03 27.60 27.60 27.40

Total leukocytes
( 103/mm3) 12.35 11.15* 11.55* 11.50* 11.50* 12.20 11.3 0 11.0 0 12.20 12.00

Neutrophil 4 32.00 34.500 44.00 43.5 J 51.50 2o.0o 23.03 33.0o 33.00 40.00

Neutrophil absolute
count ( l 03/mtn3) 3.219 3.810 5 . 120* 5.343* 5.322 j>«1 oo 5.160 5.625 5.292 4.800

Lymphocyte ($■») 65.00 63.00 54.0 j 54.0. 52.50 25. Oo 23.00 38.00 38.0 J 40.00

Lymohocyte absolute
couat (lÔ /mm3) 6.273 7.333 5.610* 0. 6Q6* 6.300 7.308 7.224 6.750 7.182 4.300

Blood coagulation 
time (rain.) 4.50 4.50 5.03 0. 2;/* 3.00 4.50 4.50 4.50 4.50 4.50

*  P ■< 0.05



Toole 22

Blood Cneroistry -  Group Ia -  lie an values

— i ^  _A -   _ , ________   Jit
Parameters  _ __________ ___Period ofjg baer vato.on ,(days)_________

Before 24 h 
expt. a 2 3 7 Bel' are 

exgt. 24 h 2 3 7d

Total serum proteins 
Cg/dl) 6.60 6.40 6.25 6.30 6*45 6.30 6.30 6.20 6.30 6.30

Blood urea nitrogen, 
(mg/dl) 12.40 13.0 0 12.43 22.43* 2p.35* 11 .2 0 13.10 12.30 12.30 1 1 .2 0

Creatinine (mg/dl) 1 .005 1.005 1.24 1.24* 1.33 0.94 0.94 0.95 0.35 0.94

Icterus index 
(Icterus unios) 1.30 1.60 1.90 1.90 1.30 1.^0 1.40 1.40 1.40 1.40

Alkaline phosmiatase 
(3.L.3* units) 4.50 6.30 3.35* 9.33* ->•25 5.50 5.50 5. 80 5.60 5.50

Acid phosphatase 
(3 .L .3 . units) 0.47 0.42 1.77 1.7/ 1.23 0.3/ 0.47 0.54 0.54 0.48

Grlutaaace oxalaacutic 
transaminase
(ft.F. unixis) 73*00 143.00 226.50*225.50*117.00 60.00 62.00 62.00 62.00 62.00

Glutamate pyruvic 
transaminase 
( i .F . unics) 5.00 5.00 10 .00* 10 .00* 7.50 3.0J 3.0^ 3.00 3.00 3.00

*  ? C  0 .05
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the tota l soroa pro c^ms was ooserved in  tne 1  at animals.

The blood creatinine level was found increased# The ery­

throcyte sedimentation rata was not altered. Tnere vas sig ­

nificant r ise  in sera® aLP level while i t  was found t  lat 

the rise  in  AC? level was not significant.

The levels of 530land 3GPT were found increased from tne 

second day.

Urinalysis

Tne alkaline urine turned neutral to acidic by the 24tn 

hour of experiment and traces of protoin, b ilirub in  and uro­

bilinogen appeared from this period onwards in  tne test aninals* 

Microscopical examination of urine sediment ravelled preaonco 

of a few ery t irocjTces, renal ep itaa lia l c a lls  and hyaline 

casts.

Patho-anatomy

Autopsy findings

There was slight enlargement and softness of the l iv e r .

The g a ll  bladder was partia lly  distended witn greenish yellow 

b ile , surface of the kidneys were moderately pale. Few red 

treat's were present on the cut surface of the cortex and 

medulla. Moderate amount of urine was present in  the urinary 

bladder. Severe hypeaemia and oedema of the abomasa! and 

in testina l mucosa were observed.

HListo-patnology

Mild degenerative changes were observed in  the epithet la. a l
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c e lls  of the£>roximal convoluted tubules of kidney# Some 

of these ce lls  had lost their brush border. The opitnelial 

ce lls  were swollen with granular eosinophilic cytoplasm.

Few tubules contained eosinophilic granular material m  tnuir 

lumen. Changes were not observed in  other par us of the 

nephron. Mild degenerative changes were present in  the 

periportal heparoc/tes. Occasionally vacuolar oranges were 

seen in  tneae c e lls . Congestion of vessels am oedema warn 

seen in the mucosa of abomasum and in tostm -s.

Synergistic effect ot oenratoxin and aflabo-cin.

Croup A.

This group was given ocarat jxia at the n  - of one mg/kg

body weight and aflatoxin at the r a wo of 0*5 mg/kg body weig it

by Intraper^toneal injection* The animals Decane v is ib ly  i l l

by the end of the fxrst d a y . They went o ff-feed , appeared

weak and tne gait was staggering* 3y the second day they

coulu not stand up and vas completely prostrate ana were sa c n -  
¥

ficed 48 nrs post administration of toxin.

C lin ica l Patnology 

Haematology

Mean values are given in  table 23. Moderate reduction 

in  erytnrocyta count, packed c e ll volume and na^noglobin 

concentration was observed.
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Table 23
rfaemogriia -  Group A »  liean Values

 __ _____________S£2S8.»--.~_________
Par aaet era  _ __P^riod J^s erva £1 o j^£da£S_) ___
____________ __B^ore wexgt»____________ „__ .___2____

Total erythrocytes
ClÔ /rara3) 18.00 12.22 10.30
Haemoglobin Cg/dl) 9.70 3.25 7.30c
Packed cell volme 23.40 25.00 21.00"'
Total leukocytes
(103/fM?) 12.400 13.073 12.350*

IJeutrophil ( 0 31.00 37.00 33.00

Neutrophil absolute
count (103/nua3 ) 2.372 h.383 4.571 *

Lympaocyte (?j) 68.50 62.00 61.00

Lymphocyte abs lute
count (l03/msi3) 3.362 0.795 0.753*

Blood coagulation time
(sun.; 5.00 p.75 9.25*

< 0.05



Tiic.ro was a sign ificant rise in  the aosolu^e count of 

neutrophils while tnere was uB.rk.ed redaction in 11 c lymp io~ 

eyte absolute count. In addition, the blood coagulation 

time waa aLso increased.

Blood caeniistry

Mean values are shown in  table 24* Trie re was a slight  

redaotioii in  concentration of cotal s-ruia probmns ana an 

Incr use in  blood uroa nitrogen and, creatinine Is.vela. There 

was mar ted increase in. icterus 1 idex dur .̂ ^ tru* Kiiiod of 

obseivauioi. Group < was sign ificantly different ft oca otuer 

grouos.

Ttie levels ox s?ruu snzynes, nL , i f f ,  GOT aj&x GOT ya-re 

founa elevated.

Urmalysi3

Tne re action of urine turned acidic with pH6 by the 

24tn noar ^ id 3.25 on tne 3econd day. Traces -a aou^rata 

amount of procem. was detected from the 24tn noar. B ilirubin , 

urobilinogen aod blood were present in  moderate quunfci ulcfl 

on the aeco ad aay. morose opical examx-uncion -xC anna sediment 

on tne f i r s t  and s-cond day rcvealeu prese ice of aodorace 

numbers of erythrocytes, renal e u th e lia l co lls , squamous 

epithe lia l c e lls  and a few trunsicional epxtu -lia l ce lls , 

hyaline and granular easts.
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Table 24
Blood Chemistry -  Croup X -  Mean values

   __
Paramot era    Period j>o serva fci o (days)_____

Before exot. 1 2

Total serum 
proteins Cg/dl) 5.45 4.50 4.25

Blood uria nitrogen 
( ng/dl) 13.10 36.45 42.50**

Creatinine (.ag/dl) 1.04 1.31 3.12*

Icte»ra3 index 
(icterus units) 1.35 8.83 I 5.80

Alkaline phosphatase 
(j .n .B . units) 5.05 20.03 20.50*

Acid phospnatase 
(8 .L .B . unit) 0.36 2.24 3.19

Glutamate oxaloac etic
transaminase (ii.2. units) 71* 30 254.00 410.00

Glutamate pyruvic
transaminase
( k.F. units; 3.50 6.50 24.50*

* P ■< 0.05
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Patho-anat omy 

Autopsy findings

Gross pathological lesions were more pronounced m  

Gr.X (1 ) in  comparison to Gr. X(2). Changes were sin ila r  

in  nature and only differed in severity* Both the animals 

were emaciated* Icteric discolouration and gelatxnisation 

of subcutaneous fa t were prominent lesions# Petechia© and 

ecchymoses were present in  the subcutis of the neck, brisket, 

a x illa , flanks and ventral abdomen* About 20 ml of slightly  

ic teric  clear flu id  was present in the paricciroxum. Similar 

extravasation was observed also in the peritoneal cavity. 

Liver was moderately enlarged, pale and extreme ly  fr iab le . 

Petechia© and ecchymoses were present a l l  over the surface; 

more on the dorsal surface. Parenchyma when cut revealed 

pale areas with red centres and streaks. Greemsn yellow 

viscid b ile  was noticed in the g a ll bladder* Jail of the 

ga ll blaad,r was swollen* The spleen was slightly engorged. 

Both the kidneys were swollen and congested. linear areas 

of pallor were observed m  the cortex and medulla, due03a 

of abomasum and intestines was moderately hypojaonxo.

Moderate amount of yellowish, mucus and mixed sc iiso lld  

manorial was present in the lunon of intestines.

Hist o-pathology

in the kidney some of tne glomeruli wars found shrunken.

100



Many glomeruli had PAS positive material present among the 

capillary loops (F ig .18)* The capsular membrane was thick­

ened. Lining epithelial cells were degenerated, necrosed 

and desquamated. Masses of eosinophilic deori ware seen in  

the capsular apace* A-lmoat a ll  the proximal convoluted 

tubules revealed evidence of severe damage. There was loss 

of brush border, vacuolation of lining epithelial ce lls  

and necrosis of majority of the ce lls . Granular casts, 

eosinophilic debri a d  a few erythrocytes were present in  

the lumen of tnese tubules. Haemorrhages occurred In the 

in te rstitia l space. Degenerative and necrotic changes were 

found in the tubules along with areas of haemorrhage (P ig .19). 

Hplthalial ce lls  lining the Henle*3 loop were vacuolated 

and some of them necrotic. PAS positive globular material 

was present in  the lumen. A few cells of the distal convo­

luted. tubules and collecting tubules revealed varying 

degree of degeneration and necrosis. Massive haemorrhages 

were observed in the medulla*

In the liver, severe and expensive necrosis of hepafo- 

cytes were prominent (F ig.20). Only a few ce lls  around tne 

central veins in some foci escaped the damage. Large 

number of degenerated hepatocytas contained fat droplets. 

Central veins were engorged with blood and haemorrhages were 

seen in  the parenchyma. Nuclear changes like pyknosis, 

karyorrhexla and karyolysis were prominent in large number 

of hepatocytes. Fragments of chromatin material were seen 

lying in the destroyed parenchyma. Some of the hopatocytes
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Fig.19. Kidney (Gr.X) -  Degenera Give changes in the
tubular* epithelium, cellu lar debri and hyalin 
structures in  the lumen. H & E x 250*

Fig.20. Liver (Gr.X) -  intensive degenerative and
necrotic changes in hepatocytes. H & J x 400.

Fig*21 • Adrenal (Gr.X) -  Degenerative changes of 
cells in the medulla# H & L x 250.
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contained lallory bodies. Moderate b iliary  hyperplasia was 

present*

Severe redaction of lymphoid cells was observed in the 

cortical and paracortical areas of lymph nodes* Tne number 

of fo llic le s  was few aoi reticuloendothelial hyperplasia was 

evident* Medulla showed oedamatous changes* Depletion of 

lymphoid cells was also seen in the spleen and thymus#

Vacuolar cnanges were observed in the cells of the superfi­

c ia l epithelial layar of rumen and reticulum* Congestion of 

vessels and moderate oedema of lamina propria were tne lesions 

in  the aoomasum* In the intestines, the cells of the mucosa 

showed focal de0eneration and denudation forming erosions*

The lumen of the intestine revealed the desquamated epithelial 

cells* Goolot c e ll nyperplasia and mononuclear in filtration  

of tne mucosa and lamina propria were also observed* Depletion 

of lymphoid cells was observed in tne Payer's patches*

In the adrenals, degeneration and necrosis of cells in  

the medulla were prominent lesions (Fig*21)* Some of these 

cells desquamated into the lumen. Haemorrhages also were 

observed in the medulla and in  some areas of the zona fasci­

culate. in one animal hyperplastic nodules were present in  

the cortex. Slight oedema was observed in the pituitary.
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fo ll ic le s  were degenerated and tnese ce lls  desquamated 

into the lumen. Only few of the fo ll ic le s  contained 

colloid. Focal collections of basophilic granules were 

found in  the in te rstitia l space. Focal degeneration and 

necrosis of the acinar ce lls  ware seen in the pancr ’os 

(F ig .22). The epitneliua of the ductul^r membrane showed 

degeneration and desquamation.

Aflatoxin controls

Group XI

The animals whicn wore given crystalline afl^coxin 

by tne intraparltonaal rou^e at the rate of J.3 mg/kg body 

weight became aligntly inactive and lis t le ss  on tne second 

day.

C linical Pathology

Haematology

Mean values are snown in table 25. Inere was slight 

reduction m  tno values of the total erythrocyte, haemoglobin 

concentration and packed ce ll volume. The total leukocyte 

number and the absolute neutrophilic and lymphocytic counts 

showed slight increase. The blood coagulation time was also 

increased.

Blood chemistry

Mean values are shown in table 26. Slignt reduction in
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Table 25
Haeraograa -  Group XI -  .4ean values

Param_t ,rs ____   Period _ag iTQ^aenratioa_____ ____ ____ _
________ _____________    ^STore^exgt^__________JJ^___ __ ^_____2___ _

Total eryturooytes
(106/ram3) 12.55 1 2*52 11 *83

Haemoglobin (g/dl) 9.30 3.70 3.60

Pac-cod cell volume (> ) 26.50 25*93 2^*30

Total leukocytes
(103/sm3) 15.150 16.300 16.000

Neutrophil (rt) 43.50 45.00 45*00

Neutrophil absolute
count ( 1 0 V )  6.533 7.360 7.200*

Lymphocyte (/£) 54.50 53*So 53.00

Lymphocyte absolute
count (105/mm5) 8.253 8.985 8.480

Blood coagulation time
<ain.) 4.75 4.75 7*50

*  P <  0.05
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Table 26
Blood Chemistry -  Group XI «  He an values

^ _ j 3 r o u ^ X I ______________

S- tiiEXSl
Before exgt. 1 2

Total serum proteins (g/dl) 4.90 4*75 4.60

Blood urea ni crags a (mg/dl) 12.10 14.00 15.35

Creatinine (.mg/dl) 0.95 0.93 0.33

Icterus index (icterus units) 1.78 1 *63 2.00

Alkaline phospaatase <3*L»B#umt:s^ 4*55 5.30 5.35

Acid phosphatase (B.L.3. uaxts) 0.65 1.50 1.325

Glutamate oxaloacetic 
transaminase (R.F. units) 66.50 103.00 275.00

Glutamate pyruvic transaminase 
(R.F. units) 2.00 5.00 7.50
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serum protein level occurred# An increase in blood urea 

nitrogen level and icterus index was observed while crea­

tinine values showed a marginal increase# There was 

elevation of serum ALP, AGP, GOT and OPT values.

Urinalysis

The pH wa3 lowered from 9 to 8# Pathological con­

stituents were not detected in the urine. Ucroscopical 

examination of sediment revealed only few squamous epithe­

l i a l  cells.

Pat ho-anatomy

Autopsy findings

There was slight enlargement of liv e r ; the hepatic 

parenchyma had a du ll appearance aid was slightly friao le . 

Focal areas of pallor was observed on the surface of the 

kidneys. Abomasal mucosa was moderatsly hyperaemic* do 

other gross lesions were detected.

Hi st ©-paiihology

Histological lesions were observed mainly in the livar 

and kidney. Cloudy swelling and fatty change occurred in  

a few hepatocytes in the centr_lomilar location. There was 

widening of tne sinusoids and necrosis of occasional 

hepaoocytes (F ig .25). In tno kidney, degeneration of tubular 

epithelium was observed. Some of the cells desquamated
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Fig.22. Pancreas (Gr.X) -  Parenchymatous degeneration 
of acinar cells. H & E x 400.

Fig,23« Liver (Gt.XI) -  Degeneration and necrosis of 
hepatocytes. H & E x 250,

Fig.24, Kidney (Gr.XII) -  Parenchyma tious degoner vfcxon
of uuoular epithelium and spelling of glomerulus• 
H O x  250.





into the lumen of the tubules. Vacuolatxon of the glomerular 

apxtnelium also was observed in  a few foc i. c o lla t io n  of 

vessels and occasional haemorrhages m  tne m t-rsc it ia l tissue 

could be seen, i-ngorgement of vessels were observed in  the 

abomasal mucosa. Moderate aegcee of lymphoid depletion wus 

evident in  the spleen.

Ochratoxin controls and negative controls 

Group XIX

Gr. XII a\1 ) and G r.x ll a (2 ) were employed to stu^y the 

affect of In tr aperitoneal administration of oenratoxm at the 

rate of one mg/*sg body weight for the oaservation period of 

two days. Group XII B formed the negative control. The 

animals gi^en oenratoxm became inaocive and d a ll. Appetite 

was poor.

C lin ical Pathology 

Haematology

Mean values are shown in  table 27. ho significant 

reduction occurred in  the total erythrocyte count during the 

period of observation. The concentration of nae&oglobxn 

and packed c e ll volume was slightly  decreased.

Only slight increase in  number was observed in  tne total 

leukocyte count during the period of experiment. Taere was
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Table 27
Haaaograa -  Group XII -  ilean values

  .Groug  ________________     Group XIX B ___
P a r a m e t e r s  _______________________________ ^ £ i £ i ° a . 2 € - 2 ^ 5 ® K 2 S i 2 2 - i i K s I ----------------------------------------

Before expt. 1 2 Before ex^t. 1 2

Total erythrocytes
(lO^xmP) 14.66y 14.50 14.16 16.06 15.75 15.96

Haemoglobin (g/dl) 8.80 8.70 3.10 3.00 3.90 9.10

Packed cell volume (ya) 2S.5Q 23.40 27.00 23.0 s 29.00 29.00

Total leukocytes 
(103/ma5) 14.300 14.500 14.500 14*80-/ 14.950 14.900

Neutrophil {&) 40.00 45.50 31.00 37.50 37.50 33.00

Neutrophil absolute 
count OG5 / mm3) 5*760 6.630 7.425 3.545 5.725 3.651

Lymphocyte (#) • o o 52.50 43.03 61 .QJ 62.00 62.00

Lymphocyte absolute 
count <103 / mm3) 3.250 7.575 6.135 3.023 9.300 9.249

Blood coagulation
time (min.) 4.75 4.75 4.75 4.75 4.75 4.75



a rise  in  absolute count of neutrophils wlillo the lynphocyco 

absolute couut ano./ed decreased values* No alteration ./as 

observed in  blood coagulation tiaa and or/throcyuO oodineioutiwi 

r ate*

31acd cneaxsoxy

Mean values are sno./i in tJOlo 23* faere was no oxgnx-* 

fleant alteration in serin pronouns* An I 1 icroase la  37Jn level 

end or -acxnx.ic levels i/as observed in sao test group* do 

alteratxo i occurred in one concrols. Only sl-oht Vw’—iuion of 

jLCcorus index was observed xn boa teat anx^wls* There woo -use 

in tie values of Svrum ALP, AC? anlGGT. Thouga a tra ioiGnr 

elevatxon occurred xa COPT by tie 24th hour, tao l^vel doclxud 

to the pre-Gx^wrimoatal value a/ t.ie seco d day.

Bar graphs depictxpg the comparative values of AoP, GDI',

GPT, icterus index, BUM and creatxniae in  groups X, 2*1 C. XII 

are presetsod in figu. as 39 -  44.

Urxnalysxs

The altolxne urine burned neutral by the 24th hour in  

the case of Gr.XIx A(1) while i t  Deaarae acxdic by tlixs tlae 

in  the case of Gr.XIx A(2). Traces of protein, bilirubin mad 

urobilinogen wore oesorved. A few renal epithelial co lls , oquaicx



Table 28
Blood Chemistry -  Group XII -  tleon values

Group XII A_______________ ______ Group XII B____

Paraneters  £SSi2i-2£-2te£S:iii23_La2i5L-------------
    ^J3efore_exot*__\ _  , J j -££2 £s. JL -  2 . ., „

Total serum proteins 
(g/dl) 5.50 5.45 5.20 5.35 0*35 5.35

Blood urea nitrogen 
(rag/dl) 11.90 21.50 22.40 12.00 12.20 12.00

Creatinine (ag/dl) 0.99 1.56 1.60 0.97 0.97 0.97

Icterus Index 
(icterus units) 1.35 1.50 2.0S 1.25 1.25 1.20

Alkaline phosphatase 
(3.L.B. uiuts) 5.50 7.23 7.45 4.55 4.45 4.55

Acid phosphatase 
(3 .L.B , unics) 0.36 1.23 1.73 0.41 0.385 0.40

Glutamate oxaloacetic 
transaminase (R.F. units) 69.00 105.00 177.00 66.00 65.00 66.50

Glutamate p/ruvic 
transaminase 
(R.F. uniws) 2.50 5.50 2.50 2.50 3.00 2.50



epithelial ce lls  and hyaline casts were present* Stray 

numbers of neutrophils and transitional eplthel_al ce lls  

also were observed.

Patho-anat cay

Autopsy findings

Gross lesions wore confinedjto liver, asidncy ana gastro­

intestinal arucosa, Slightly swollen live r and oiatended 

ga ll bladder witn s lign tlv oedematoos wall went seen* The 

surface and sectioned arao.s of renal cortical paroncn/ma 

shotted focal areas of pallor. She mucosa of abomasum and 

small intestines was moderately h/peruemic •

Hiato-pathology

Microscopical alterations in the Kidnay wo e mainly 

confined to tne proximal convoluted tubules a laagn minor 

changes were observed in other parts of the nap iron and 

glomeruli. Loss of brush border, granularity ana vacdelat­

ion of epithelial ce lls  lining the proximal con/oluted 

tubules were seei. Some of tne cells desquanace inco the 

tubular lumen (F i^.24). Hyaline droplets were ooserved in. 

the lumen of few tubules. Parenchimatous degeneration was 

observed in some epithelial cells of the denied loop. 

Vacuolar degeneration was observed in  the epithelial ce lls  

of a few glomeruli. Some of the glomeruli exhibited hyper-
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cellu lar!ty  and occupied the entire capsular space* Con­

gestion and small naeaorrhages were present m  the medulla* 

Parenchymatous degener ocion of hepatoc/ces in focal areas 

was ODserved in the sections of liver. A few cells around, 

the cencral veins in some foci showed fatty degeneration. 

Moderate congestion of hepatic vessels and necrosis of 

hepasocytes in scattered areas were seen.

Mild degenerative changes were ooserved in, the lining 

epithelial ce lls  of the rumen and reticulum. Blood vessels 

of the abomasum were congested and mucosa moderately oaae- 

matous. Vacuolar changes of the lining epitnolium of the 

v i l l i  were seen m  tne mucosa of the small intestines. The 

blood vessels were congested.

Pathological alterations ware not noticod in tne 

negative controls.

Ultraatructural changes

Group VII 

Kidneys

Extensive necrobiotio changes were discerned m  the 

cells of the different parts of the nephron and the renal 

corpuscle. The changes were intense, more especially in  

the proximal convoluted tubule.
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The epitnelial ce lls  of the proximal convoluted tubulus 

exhibited v~u*ying degree of changes, many of them with ex can­

al va organsllar disorientation and destruction ^.Fig.25)* The 

microvilli which were long and regularly arranged in  tn© 

normal ce lls  beca ae disoriented and disrupted or appeared 

fused, rfhxle they nad only minimal changes of fragmentation 

ia  some locations, in  others tie/ were oompleteJ/ lost and 

the cells appeared denuded, The apical canaliculi ware 

found to oe numerous in some cells . In the apical cytoplasm, 

vacuoles which were clear and of varying s i2es were noticed; 

some of tnea containing electroniucent material and/or 

electron dense ayelinoid bodies. Mitochondria whicn ware 

concentrated towards the basal portion of tne cell showed 

complete loss of morphological identity or nad only mild 

degree of disorganization. There were diverse variations 

of form and Internal structure. Increase In the mitochond­

r ia l  matrix density witn complete loss of cristas were seen 

in  cells showin^ advanced picture of c e ll damage. Irregu­

lar ly  shaped floccular densities were seen in mitochondrial 

matrix# In some se lls tnore was a modest increase in the 

size of the mitochondria and dilution of matrix* The 

cristas, however, ap /eared displaced to the periphery and 

showed varying degree of disorientation, shortening and 

reduction in nusaoers (Fig.26). In soae, the matrix was 

homogenous while in  others there were multiple electron-
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F ig .26* Mitochondria in  the epithelia l ce lls  of tho 
PCT. There is  swelling of the and
varyiig degree of disorientation of cristao 
v/xth loss of intrasaicodi ondnal granules.
A myelinoid structure is  seen within tho naerix. 
X 1,00,000.
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luooat foci* Fr&n* cavitation was also aeon* JL’ kms in, 

the mitochondrial -  limiting meaorane w^ro aui. .sc >u-*»er ^  

The latra^mitochoadri&l dense gruaa.«s had aisufc i aart-J In 

many cases. Iransf or aaii on ana lrworporativn ? dans* d 

mitochondria into c/tolysosoaas ware snuu* J nr 

were indicated by the presence os demise l«mi 4  ̂2. or

whoried membranes and, lyaoswaal bodies coat-xn. i u/elia 

figure* (Fig.27i Sequestration o£ «ifcc^ho/joria .rich ar 

vita ju£ oth -r organs I le *  was a is j noticed. »* ,«,u.iat id wit 

tasse chaagaa varying gr^nos of dilatation, fr^uuutatioa  

and dUsaoXalien of endoplasmic reticulum and one area .

3ur .O taris o f the a o lg i  c capias had oA&.rgon. . - jtr  tctlc i#

A few free ribosoass were fousd fro a in  tne g/co jlasau fan 

haŝ racuv ©̂mbr̂ aao of fcaese ceils with advaac-a organs liar  

cmanges snowed loss of homogeneity and fragucuiv-Lion* ?a© 

iatposity af m ol or changes aiowad grvut vur-iton* In 

some tne nuclear morphology w«a completely 1 wit-v *  vug 

Out appearance while in otnsre enrouitin dumping, rodistri 

hat ion of the granular ana f  iorilJ &r saspoamvs* nucltwlar 

fragieatailo.fi ani disruption of auoloar aciaruLa were 

observed.

the orgaaellar changes seen m  tna opiSu/ii..*! is  

of other parts of the nepnron wars qurJLit .Uyaly s i ailar to 

those in  tne epithelial ce lls  of tne. proximal convoluted
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F ig. ZJ • Portion 01 two adjacent ep ithe lia l c e lls
of the proximal convoluted tuoule. there is  
extensive organellor destruction. Numerous 
vacuoles (V ) , lysosones Ch) seen. Cycolyso- 
soiiie with myelmoid structure (MB).
X 30,000.
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Fig. 23. Bpithelial c e lls  oi* d ista l convoluted 
tubule. The ce lls  appear wasted out. 
Mitochondria (M) show varying grades of 
structural alteration. Nucleus showing 
partia l chromatin dissolution. A 15,000.
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F i g , 28 A. E p ith e lia l c e l ls  in  the loop of Henle showing 
damaged mitochondria (m) and vacuoles (V).  
C e ll  ju n ction s snow lo ss  of stru ctu ra l 
cohesion. X 2 7 , 0 0 0 .





tubules but were less severe in intensity. In the d istal 

convoluted tubules the elaborately compartment a l isjed in fo ld - 

Inga of the basal membrane with deep incursions into the 

cytoplasm could s t i l l  be seen in many ce lls  while some 

others had a partially  wasned up appearance /itn retention 

of granular electron dense material in  the matrix and a 

few mitochondriae which depicted bizzaro morphologic patterns 

of disorganized membranes and cristas (F ig ,23), Lysosonos 

and dense bodies were aeen in large nuaoers^Fig.28 A ).

The cells  of the loop of denis composed of the straight 

portion of the proximal tubule, descending limb of Henle 

and ascending thin limb showed identical changes but of 

lesser intensity (Figs* 29, 50). Loss of structural cohe­

sion of the c e ll Junctions was noticed* Attenuated or 

altered desmosomes were quite common* Details of inter­

cellu lar gap were lac wing but the filaments converging upon 

the plaques were s t i l l  present in  some while in otners only 

some cytoplasmic fuzz was disoerned.

In the glomerulus, the nucleus of the podoo/toa were 

intact except for moderate chromati^n clumping (fig .31 )*

There was some amount of disaggregation of ribosomes from 

endoplasmic reticulum# Fragmentation and destruction of
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Fig.23. Henle* 3 loop -  Epithelial cells showiaj less of 
cytoarchiteeture, ilitocaondria (ra) shot/ I 03 
cristae. Baseaoat membrane intact even thou 
intercellular Junctions are attenuated,
X 25,000.
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Fig.30. Epithelial cells of ascending limb of lenle
shoitfing extensive alterations in mitochondria. 
Nucleus (N) show chromatin clumping and 
dissolution. Mitochondria (*4) sho j severe 
damage. Basement membrane intact• X 13,000.
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Fig*31• Glomerular region showing mesangial cells and 
podocytas (P) with foot processes. The 
cytoplasm of podocyces appear homogeneous 
with loss of scructural details, Chromatin 
clumping in nucleus* Mesangium show numerous 
vacuolar (V) structures. X 15,000,
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filaments and aicrotubules were seen. Many of the mito­

chondria appeared swollen. The mitochondrial matrix app­

eared homogeneous with increased electron lucency* The 

foot processes were see n extending to the basal lamina. 

Normally, the foot processes were seen aligned on the outer 

surface of tne glomerular basal lamina with the fenestrated 

glomerular capillaries on the Inside. In these cases, in  

soma areas there was disruption of the normally regularly 

spaced arrangement of the foot processes and apzearance of 

much larger ce ll processes or segments of the podocyta 

cytoplasm resting on the basal lamina (Fig.J2). This gave 

the appearance of fusion of foot processes even though i t  

is  auice lively  tnat this appearance might be due to the 

swelling and retraction of the foot processes so t iat the 

capillary wall was covered oy large swollen processes or 

segments of podocyta cytoplasm. The fenestras in the endo­

thelia l layer ap/eared very prominent and small breaks and 

thinning of the basal lamina were v=ry often noticed. In 

some glomeruli there was extensive destruction of the 

integrity of the basement membrane aloig with destruction 

of the incerdigitatlng whorled and distorted profiles were 

nociced4Fig.33). The endotnelium of the capillaries showed, 

varying grades of organellar changes. Pinooytle vesicles 

were seen m  some cells. The filaments and microtubules
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Fig.32. Portxoxi of glomerulus showing podocyzv foot 
processes. Tnore Is loss of structural 
homogeneity. Some of them appear larger and 
distorted. L 52,000.





Fig.33# Swollen, distorted or damaged foot processes 
of podocytes. Basal lamina show thinning or 
breakages. X 60,000.





appeared, fragmented in some ce lls  while in  ©triers tnere 

was complete aosance of microtubular structures. On the 

inside of the basal lamina the fenaatrae appeared very 

large than normal*

The sassangium of the glomeruli consisted of mesangial 

c i l ls  emoadded m  an unusually abundant mesangial matrix, 

irregular often slightly i l l  defined and rather granular 

areas of increased electron density were seen in tne 

mesangial matrix. Compared to the epithelial colls of tne 

nephron the mesangial calls did not appear as severely 

damaged even though the nuclei exhibited ciironat.i.n cluapipg 

along the nuclear membrane and tnere was moderate destruct­

ion of cyt oarchit ecture •

Liver

Some cells snowed ox ensive alterations a ii destruction 

of plasma membrane and organelles (F igs.34,35), une plasma 

membrane showed many configurational caa iges. in  a few 

ce lls  there were blep like protruaio is of the c.i'toplasm 

into the sinusoids.

There was vesiculation, fragmentatlo u  and dissolution  

of the membranes of the H.fU Dilatation of t .e cmternae 

were aoen in  a few locations. Disaggregation of ribosomes 

and uetaeh aent from ril was seen# In a few locations
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Fig.35. Portion of two hepatic cells showing advanced
neorobiotic changes* Remnants of few mitochondria 
and endoplasmic reticulum se wi. There 13  
clumping and redistribution of chromatin m  the 
nucleus. X 70,OCX).
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polyribosomes showing a helical configuration were noticed. 

Dilatation of the eisternae and vesicles of Golgl complex 

occurred accompanied by veslculatxon and dilatation of the 

£R. In soma c e lls  there was complete lvss of morphological 

identity of the <50lg i  complex with fragms nation. d onerous 

eytolysosoiaes, characterised by sequestrated c - l l  organella  

and eytoaembrones within its  substance were o~-.u, Tne 

sequestrated material was well preserved and tac-ly identi­

fiab le  or in. various states of breakdown and dc0* adation*

In some cases i t  was d ifficu lt  to identify wnmfcâ r a 

lysoaome was a eycol/soso ae or a phagolysosome, leaidual 

bodies containing undigested electron-dense lip^dxc residues 

or myelinoid. structure were also noticed. In may cells  

the cytoplasm presented extensive structural encuiges in  

the form of destruction of endoplasmic retie fLoa, microoodio 

and Golgi complex. I t  was d if fic u lt  to identify glycogen 

granules i f  they wars present*

Various alterations in  the mitochondrial morphology 

were seen in the hepafcic cells* Tnere was swelling af the 

matrix in the inner chamb r* The enstae sho/ed varying 

degree of disorientation, shortening and racuccion in  

numbers* Matrix was pals and nad a f lu ffy  appearance. In
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Fig.36. Portion of a hepacic cull showing of
f ib r i ls  v/ita tne morphology of iallory oodies ( «1r-0 • 
Nucleoli cond^ioOd. Fragn_ ut-lion of c n s t^ e  of 
mitochondria (a) and. yresc ice of electron doase 
material. A 32,300.
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F ig .37* Hepatic c e ll  showing lip id  droplets in  the
cytoplasm. Fragmented endoplasmic reticulum 
(-at) and damaged mitouiondna ( i l ) . X 5^,000.
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around the nucleolus* In ce lls  which appeared lathally  

injured the chromatin appeared as marxiedly condensed or 

had disappeared. The nuclear envelope had also a frag­

mented appearance* Separation and redistribution of the 

structural components of the nucleolus ware noticed* In 

some ce lls  taere was condensation ox the f ib r i l la r  portion 

while in  others there was redistribution resulting in  

distinct granular, f ib r i l la r  and amorphous portions* Inose 

which revealed advanced c/taplaaaic changes indicative 

of necrosis also had fragmented nucleolus*

Tne endothelial cells whlcu were f la t  and living  

nuclei which protruded into tne sinusoid lumixia aiao aaow«u 

varying degrees of damage* Tne snail and large iensstrae 

were s t i l l  present in some cells* .ilc ro fv illi on. toe 

sinusoidal surface of underlying nepatoOyL.es wero retained 

In a few cells* The c e ll contacts between endothelial ceils  

consisted of Junctional complexes characterised oy a slight 

increase in the electron density of tne membrane and 

adjacent cytoplasm* In. general intact organelles were sparso. 

lupffer cells also showed cnanges some of them caving abundant 

and morphologically heterogeneous population of pnagoc/tic 

vacuoles. The bundles of reticu lin  fibres present in the space 

of Disse were found fragmented* The short m icrovilli which 

were normally present were absent. The Intercellu lar surface 

of the ductular colls were irregular and were found separated
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E i ^ . 3 3 .  J i k  c i  a l i - : u u x u a  o f  a n t

c a n a lic u la r a- ncr *e i i l o  u~ ^ - l a i  a ll «. 
- o l a a *  \ 8 0 , 0 J J .
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Fig.39 to  44* Bar graphs showing tno lavols o f ALP, 
GOx, GPT, icterus inda:, 3ltN and 
oraatxnino in  blood xn grouos Xr 'CX a*xl 
XXI,
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from each otter* The basal surfaces of tne ce lls  were 

detatcned from tne basement membrane* The endoplasmic 

reticulum was found fragmented and the mitochondria were 

swollen, lysoaomes were few* The prominent Golgi complex 

was found disrupted* Alt jr  a cions in tne t ig it  .junctions 

were found to be a constant occurrence* Tne lateral 

cell membrane surface ha£ oeen found to be increased in  

length and complexity* A bizarre lamellar transformation 

of the b ile  canaliculi was noticed occasionally which 

resulted from tne alteration of the canalicular membrane 

from microvilli which were transformed by widening and 

flat-cening inco mulci-lamellar folds (F ig.38)* Tie lamina 

of mar̂ r canaliculi were f i l le d  with granular matsnal and 

large irregularly snaped membraneous particles* .lany of 

tnese aemoraneous structures were pleomorpnic and variable 

in  structure, but some components nad features siailur mo 

microvilli*
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DISCUSSION

A comparative assessment of production of ocnrotoxia 

toy Aspergillus ochraceus and Asaer villus aulphureus on 

wheat and r ice , und^r the static and shake culture methods 

was made* The strain  of A. ochraceus employed was found 

to be a superior producer o f ochratoxin under tne s ta t ic  

and shake culture in  both the substrates tnan a * sulphurous. 

rfasseltine et al* (1372) a ls o  found that among a l l  the 

species tested by them A. ochraceus produced tne highest 

yield of ochratoxin in  wheat and craGked corn* 3ut,

Lilleho^J et a l* (1373) reported higher y ie la  of ochratoxin 

A by A* sulphureua in  modified Czapek meaium after 11 d-ys 

of static incuoation at 28°C. frenk ec a l # ( I371) reported 

chop cad corn to be the best substrate for a . oehraceus 

fo r ochratoxin production* Polls led rice  and w ioac bran 

yielded only lessor amounts of toxin* In experiments 

conducted by desseltme et a l* (13f2 ), wheat was found to 

be a superior substraca than rice . In the present study 

higher yield of ochratoxin was obtained in wheat under bobn 

static and shake culture taenniques tnan in  r ic e *  Schindler 

and hesheim (1370; observed maxi mom production of oenratoxxn 

A in  shredded vmaat at 22°C after an incuoation period 

of 19 to 21 days*

In the present investigation, the quantity of ochrutuxxn



produced by the two species of fungi in. rice  and wheat 

was higher in shake culture ays com than in stauic culture 

tecnniiUG* In the experiments conducted by dosseltine 

et a l• (1972) snake culture technique wag employed for 

production of ochratoxin from wheat, corn ana rice to 

determine the optima! substrate and f  ermencati jo. period 

required for maximum yield* The superiority ĴT the shako 

culture system is  that it  effectively distributed tne 

inoculum* Tne homogeneity of tne culture sysbera was main­

tained throughout the fermentation period pr-venting 

formation of mycelial mass which was char act ri^oic of 

static mould culture and which restricted gro/tn to indi­

vidual wneat kernels to the fermentar atmospnare momeata- 

n ly  during each revolution* Agitation also facilitated  

heat exchange and prevented localised overheat-1%, of suo- 

strata. Lindanxelser said Cj.egler (1973) nave demonstrated 

that an agitation rate of 15 rpm resulted in  tno highest 

ochratoxin yields in wheat during a fermentation period 

of 12 to 19 days* The yield of ochratoxin uas 4000 /ug/g 

under bnss© conditions* At ’O’ rpm the yield, was only 

100 fco 200 jdg/g witn no agitation. I t  i s  evident then 

that under conditions of grain storage wnen tne tenperabur- 

varies between 20° and 30°0# there is  enough scope for  

production of the toxin once the grain gets contaminated
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with the fungi even "chough the conditions may do sub- 

optin&l.

This study was undertaken to understand tae patho­

logical effects of ochratoxin. in ruminants and the goat 

was employed as the experimental animal. Graded doses at 

the toxin were administered by the oral, intrapuritoneal 

and intravenous routes, The intravenous and in.tr ̂ peri­

toneal routes were employed to avoid the toxin being 

hydrolysed m  the rumen as i t  is  known taat ocnratoxin A 

i s  metabolized in  tne rumen to ochratoxin alpna whicn has 

very l i t t le  toxic action.

The diagnostic parameters employed in this investi­

gation for assessing the pathobiological effects showed 

altered values depending on the dose (to ta l quantity of 

toxin ainim sterad), duration and route of administration, 

in general, there has been depression of haemopoiesis and 

occurrence of neorobiotic changes in various organs more 

aoecifically  in  the kidney, live r and lymphoid tissues, 

with consequent clinicopathological manifestations* The 

fact that oral ad nd.ni3tration of toxin also effected 

structural alterations, oven though, in  a milder degree, 

indicates that atloast a percentage of the toxin ingested 

is  absorbed before being hydrolysed in  tne rumen or only a 

part of the toxin is  hydrolysed.
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The mechanism of action of ochratoxin A may be due 

to the presence of chlorine moiety in its  structore*

Chlorine alone may Increase toxicity of ochratoxin A by 

increasing the dissociation of the phenolic hydroxyl group 

involved In the binding of toxin and serum albumin and 

possibly the binding of toxin to cellular protein. The 

toxin when becomes associated with cellu lar membranes, 

tne free radicals and oxidative deterioration of poly­

unsaturated fats aa3 potentiate the ce ll injury, Ochra­

toxin ^ has also been found to inhibit oxidative phospho­

rylation of rat liver mitochondria (Theron et a l*, 1956)* 

Such inhibition of cellular respiration may initiate  

Impairment of cellular functions in addition to structural 

alterations* V/hen tnere is  Inhibition of oxidative 

phosphorylation, there is a rapid f a l l  of cellular Jsdenosinc 

triphospnate concentration and corresponding rise in  

ADP, AdP and inorganic phosphate* Along tfith these changes 

the inner compartment of mitochondria lined by the inner 

limiting membrane undergoes contraction* Tills may reflect 

th© efflux ox ions accompanied by water* As the Injury 

approached the point of irreversib ility , flocculont 

densities conaxdared to represent denaturation of matncal 

proteins appear w itnn  the inner compartment of swollen 

mitochondria* The appearance of the floceulm t densities
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correlates with the loss of raatrical enzymes and by this  

time the mitochondria were irreversibly injured (Laiho and 

Trump, 1975). Mitochondria with damaged and alc.red  

membranes, mafcrical densities and floeolout deposits war® 

consistently found in  the present investigation. So it  

i s  very evident from this study tnat toxin daaaged the 

membranes of the mitochondria, impairing enzyme activities  

witn consequent impairment of ce llu lar function. In a 

lethally  injureu c e ll, the damage to the mitochonaria was 

not selecfci/e but a general rexrescncacion of overall 

cellu lar damage.

Haematolo0ica l values were altered in the animals in  

varying degrjes. There was significant reduction of 

haemoglobin, packed c e ll volume and absolute lymphocyte 

count in most of the experimental groups. ^ lower daily  

dose ox toxin through oral route needed a longer period 

fo r manifesting its  oxfact because of tne higher quantity 

of toxin needed for aicn an effect. Since there was a lag 

period before these cnanges were sa^n, it, Qjuld vary well 

oe presumed that action of the toxin i s  moi e severe on 

the immature c e lls  of the oone marrow tnan on the mature 

ce lls  in  circulation. However, Ribelin et jd.. (1J?3) 

reported elevated levels of haemoglobin and ha-mefcoorit 

values in  caprine ochratoxicosis. This elevated, value 

could very well oe correlated to haemo-co jcenvration due to
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dehydration of the animals. The low2ring of aaeaatological 

valuos seen in this stuay is  in agrcem-nt wit a those 

observed in  clin ical and experimental cases of ochrato- 

xicosis in  chicken, turkeys and nice (recknan ot a l. ,

1972; Chang et a l . .  1^31; Gupta at a l . , 1979)* S ign ifi­

cant increase in  tne blood coagulation time was noticed 

in  Groups i ,  l i  ^ XXI whica were gi/cn a total quantity 

of 123, 405 and 735 1% ochratoxin hy tae oral route. Such 

an observation was also noticed by Doerr (197 r )  1 1  animal3 

which received aflatoxm  and ochratoxin to g -t i-r . Prxor 

and Sisodia (1973) have reported incx^eased protnrombin 

time in  oenratoxicosis m  cnicKen.

Redaction of total serum protein was evihxit from 

tne 14th day onwards in goats t iat received oenratoxin 

at the raze of 1 mg/kg body weight per os* In the lower 

dose group, redaction was noticed only by tne 12tn weak* 

Goats whicn received oral dose of the toxin at tne level 

of 2*5 mg/kg did not snow any significant alteration in  

6 days* This any be due to the short term of toxin 

induction and small concentration of the toxin that might 

have reached tne general circulation after rumen degradat­

ion. Results of the experiments conducted by "reppy et a i . 

(1979) showed that ochratoxin A inhibits an anr/rie 

essential for protein synthesis in  eukaryotes. At tne
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ultrastruotur a l level i t  has bean found in this study 

that there was disaggregation of ribosomes and fragmen­

tation of rough surface endoplasmic reticulum of aepato- 

oytes. This indicates the impairment of protein synthesis 

in  hepatic cells which is  further reflected in. tne serum. 

Whether primary effect of the toxin was in the synthesis 

of whicn further impaired specific protein synthesis

or duo to the structural damage to the endoelastic 

reticulum could not be vsry clearly ascertalntu from this 

study. The toxins could alter the cnetsical co loos-tion 

of the membrane caused oy lipid, peroxidation uh-.cn /ould 

result in pause transitions wltain aeawrunss 1* -ding to 

vesicle formation (Kavanau, 1355). This pause ura iaxtion 

witnln the membrane mignt also result from f  lilure to 

renew some membrane components due to inhib- of 

phospholipids and proteins whlcn oGCars during tni into­

xication of ochratoxin.

The reduction in  concentration of seruta proteins may 

also be tne result of glomerular proteinuria subsequent to 

increased permeability of glomerular cauillary epithelium 

to ssacromoleculee. The splitting of the glomerular basement 

membrane, tne loss of the foot processes and the occurrence 

of spaces oetweaa tne glomerular casement membrane and 

epithe lia l calls seen in  trus study could oe the structural
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alterations to cause increased permeability to proteins. 

Renal lossjof high molecular weight proteins was also 

observed in pored m  nephropathy also (Krogh at a l . » 1974)»

Significant increase in olood urea nitrogen and 

blood creatinine was noticed in  most of tne test animals 

including those which were given aflataxin and ochratoxin 

together. Tne increase coulu bo correlated to glomerular 

damage and to a certain extent to liver Injury* Peckhaa 

et a l* (1971) found increased blood uric acid in chicken 

«hxla Szezech et a l. (1973 a) reported high BOJ values for 

pigs. The elevation in 3JN and ere a n  nine levels is  an 

indication of the severity of kianey demage resulting 

in  the retention of nitrogeneoua substances m  the general 

circulation.

Significant rise  in  icterus index was noticed in  

animals of Groups I I ,  I I I ,  VIII & K. The rise  was observed 

only oy the 45th day in  G r.II animals wlucn w.'-e fed 

1 mg/kg body weight. Administration of toxin at the level 

of 0.5 mg/kg body weight by intraperi toneal and mtravonous 

routes did not cause rise  in icterus index* Bui noticeable 

rise  was ooserved in animals which were given 2.5 ng/,\g 

by similar routes. In Group ^ (comoined adninisiration  

of ocnracox^a ard aflatoxin ), the increase in xct rua index 

wa3 sign ificantly different when compared /i m the
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aflatoxm  and ochratoxin controls. An increase in  the 

serum, b ilirub in  concentration was rep or tea by Aibelin  

et a l . (1973) in  goats fad ochratoxin at the dosage level 

of 2 mgAg body weight. Rise in  icterus index is  an 

indication of tne hepatic damage caused by tne toxin. In 

the combined toxicity with ochratoxin and aflacoxin, 

hepatocellular necrosis was more pronounced than when 

individual toxins were given. Aflatoxin is  a known potent 

hspato-toxxa and it  is  quite natural tnat aovore liver  

damage resulted when there was coablnoa toxicity. The 

he ?atic cells are damaged to sucn an extent that they 

cannot perform their excretory function. In addition the 

swollen xie v-tic c e lls  mijht blocx the b ile  canaliculi 

which result in bilirubin-diglucoronide to toe reabsorbed 

into the bloocw Maryamma and Sivadas (1 j?5) ooserved a 

similar rise  m  icterus index in aflatoxicosis of goats.

3c rum level of ALA was increased significantly in  

almost a l l  groups. Rise in  ALA level wa3 also observed m  

combined toxicity of ochratoxin and aflatoxin. *ib fLin 

et a l. (1973) ooservea an increase in  serum A-A in tne 

goat dosed orally witn ochratoxin A at tne level of 1 og/kj 

body weight. »fhen hi$icr doses of toxin wait? given they 

observed decline in  enzyme l°ve l* The Increase in Ah? 

level in the different treatment groups m  tn« present
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experiment is  probably related to epithelial damage of 

the renal tubules and hepatocellular injury. Ochratoxin 

might have affected membrane permeability of cells  

containing this enzyme. An increase in tne activity  

of ALP in  proportion to the concentration of ochratoxin 

was noticed in  chicks by Ll&cr et a l. ( 1373)• In c rcased, 

urinary excretion of ALP has oeen reported in do0s.

This w*s correlated with reduction in -iLP acti^xty in  

a l l  the proximal tubules which was demonstrated, hxsto- 

chemically in  dogs given ochratoxin A. ALP was reduced 

correspondi eg to the injury of proximal tuoules (Arogh 

et a l. v 1 976 a) • ^nzyme histocnenistry employed in the 

present study also showed a redaction m  ^juP activity  

in  the proximal convoluted tubules and liver cells.

Significant rise  in serum jGoT was ooserveu in G r.I lI

(0.5 -  oral) animals by tne 32nd waa t. In Ir.V

animals rise  fas evid nt by the third day and i t  dr. 7III

and Gr.IX oy tne seventh day. 3G0I level of the

goats under comoined toxicity was significantly high 

from tne ocnratoxm and aflatoxm  controls, aeu mis 

that received tne highest dose of toxin by intravenous 

and intraperitonsal routes also showed increase in  enzyme 

level. Increased urinary excretion of GOT, LDd and ALP

131



was reported in pigs and dogs (Szczech et a l . , 1973 c»

1974 a ).

The changes oosarved in the physical and chemical 

constituents of urine are consistent with the histopatho- 

logical changes in the renal tubular epithelium and 

glomeruli* 3erndt and Hayes (1973) observed altered 

urine osmolality, inorQasad urinary protein excretion, 

and presence of ketones and glucose in urine of rats 

given ochratoxin A. It  was suggested teat increased 

urinary protein excretion may reflect interference with 

protein reabsorption* Munro et a l. (1974) observed 

reduced urine volume, decreased pH, increased specific 

gravity and iiwreased protein in urine in rats. Szczech 

et a l . (1973 c) observed polyuria, glycosuria and 

proteinuria along wxtn Increased urinary excretions of 

IDii, ICffei and GOT in  pigs which were exposed to A. 

ochraoeus or crystalline ochratoxin A. Proteinuria 

may be due to an increase of glomerular permeability to 

macromolecuLes. Granular oases, necrotic renal epithelium 

and high protein concentration and enzymes had oeen also 

reported in  urine of dogs (Szczech et a l . .  1973 a ).

Histopathological changes in  organs and tissues 

varied in intensity depending on tne route, total quantity 

of ochratoxin and concentration of ochratoxin administered.
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Severity of lesions in  organs were in the following 

descending order : kidney, liva r, intestines, stomach, 

lymph nodes, spleen, thymus, genital organs and endo­

crine s# In the kidneys, the intensity of lesions was 

aore in the proximal convoluted tubule* Henlo* s loop, 

distal convoluted tubules and glomeruli were also affected 

but to a lesser extent* The epithelium of the collect­

ing tubules also showed degenerative and necrotic changes* 

Changes were more prominent and widespread in the animals 

that were given tne toxin by intravenous and intraperi- 

toneal routes than m  animals which ware given the same 

quantity of ocnratoxin by the oral route chough the 

difference was mainly in the degree of severity. Ribslia  

et a l. £1978) reported that rumen is  a major site of 

detoxification by hydrolysis for ocnratoxin i»  Tais 

explains the lesser intensity of pathooiologxc&l effects 

seen m the experiments with oral feeding, filin g  (1979) 

d'»monstrated reduction in the activity of hADl t ^trazoliua 

reductase and succinate dehydrogenase in the spxtnelial cells  

of the proximal convoluted tubules of pigs la  experimental 

oenratoxieoais• Reduction m  activity of fcne&e enzymes 

may cause decreased function of tne tricarboxylic acid cycle 

and of the respiratory chain resulting in  reduction of 

oxidative phosphorylation, in turn, tiere is  reduction
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in  energy production in these ce lls  which may he the 

obvious reason fo r tne histological lesions and impair­

ment of function. Occurrence of lesions in a focal pattern 

may be due to the fact that morphological lesions do not 

appear until the biochemical alterations have reached a 

threshold level. In areas where extensive destruction 

of brujh border occurred, reduction in ALP was observed. 

Changes in the proximal convoluted tubules soso-cl tne 

primary sit© of deposition and action of chi3 toxi-i to 

be the proximal tubules. This corresponds wifcn tno 

demo istration of ocnratoxln A at the site by i-anunoIlUa- 

rescece  technique (f i l in g ,  13 7 7 ) .  Cnu (1371) dotonstracod 

interaction bet /e n ocarutoxm and aloumin and 

suggested tnat albumin may serve as a transport aol cule 

for ochratoxin. As albumin in the glomerular f i lt ra te  

is  absorbed by the proximal tubule, i t  could oe a jecnaiusm 

by which ocnratoxin reaches the ce lls  ox tne proximal 

convoluted tubul-s. Gcnrutoxin a may also reacn the 

tubules througn the peritubular cap illaries. Mult-focal 

isohaomia in  tho kidneys of racs given various a n i 3 of 

nephrotoxic chemicals was demonstrated oy Jlivar ( f 353;. 

Both iscnacmic and cytotoxic lesions occurred in  cojes 

of acuta tubular necrosis in man. In case the nophrotoxm 

causes dunnage to the tubular epitneliura primarily oy a
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mechanism involving luminal contact, repair and recov ry 

are the most probable sequelae. Regenerative c mn^es were 

observed only m  few tubules in  the present study. This 

was more conspicuous in  the lower dose group. iegeneration 

of tubular epithelium occurred as new ce lls  woro produced 

oy the few proximal tuoular epithelial ce lls  tnot survived. 

Tnese c e lls  used tne existing ease tenfc membrane fo r tubular 

reconstruction. Fibrosis was not a feature in th_s condit­

ion. It  can oe seen taat tne factors which favour repair 

of renal tubules damaged oy nephrotoxic chemicals include 

necrosis tnat leaves some residual epithelial ce lls  to 

repopulaoa denuded basement meioranes am tne lacs of jsa -  

aXiSt^ng renal disease (Cuppage and Tate, 1967;.

The granular eosinophilic deori observed m  the lumen

of tne affect d tubul-s represent the desquamated, a.nt 

disintegrated epithelial ce lls , protean particles and oth^r 

deposits in  tne urinary f i l t r a t e .  The t?A3 pos-tive 

glooalv~r masses m Lie lumen, basaae.it a_norone o_ tabulwS 

and same of tne Bowman* s capsule indicate daoos_„ion of 

glycoprotein in  these areas. This sagj.es os in* z£ i eice 

with tne reabsorption of glucose and protein by me tubule® 

which get deposited on the casement membranes or form 

globular masses within tne tubules, -.osmophilic granules
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were present in  the epithelial cells of some of the 

proximal convoluted tubules in tne lower dosage groups* 

Muaro et al* (1974) nad observed such oosxnaphilic granules 

in  the proximal convoluted tubular ce lls  of lats given 

ocnratoxin at the rata of 5*00 ppm in diet* Durant 

et a l . (1964) suggested that eosinophilic granules are 

due to reabsorbed plasma protein and is  a result of the 

ageing process whicn /as accelerated by ochratoxin a *

Necrosis of renal tabular epithelium, especially 

in the proximal convoluted tubules, was observed in  pigs 

fed with cultures of a. ostlanua that contained ocLra- 

toxln A (Szczech et al*.1973 c ). In chronic porcine 

nephropathy, different segments of tne nephron and 

in te rstitia l tissue were affected (_ llin g , 1J77). Necrosis 

and desquamation of renal tubular epitnulium and presence 

of eosinophilic granular costs in  the proximal ana distal 

convoluted tubules observed in the present st~o> have 

also been reported in experimental ochrataxicasas of dogs 

(Szczech et a l.*  1973 a ;. Tne difference Qec*n.ca severely 

affected and moderately affected kianeys was tne greater 

number of necrotic and vacuolar colls witnin a uaoule 

and the greater number of affected tubules} animals given 

higher doses had nore affected t abulos with mo'2 numerous 

necrotic and vacuolated cells , Carlton ana, azczech (1973)

136



demonstrated different degree of necrosis of tne epithelium 

lin ing tne prceaaal convoluted tubules and presence of 

protsinaceous casts m  tne lumen of tubules in  guinea 

pigs dosed wxtn ochratoxin at the race, of 5 and 10 ng/isg 

body weight. Tney have also described swelling, degeneration 

and necrosis of the epxtaelial ce lls  of tno proximal 

convoluted tubules and subsequent occlusion of the lumen 

in hamsters.

Renal lasions of ochratoxicosis in rats were not 

confined to the proximal convoluted tubule.s. Though 

necrosis of the epitnelial cells of the proximal convoluted 

tubules was the most prominent renal change, ac Deeding upon 

tne dosage of ochratoxin tubules of tne outer zone of 

the medulla and some collecting tubules also w^re affected 

am coituined necrotic epithelium (ftunro et a l* , 1973,

1974; Purchase and Theron, 1963).

Snadmi at a l. (1974) described severe nephrosis and 

hepatosis in kids due to feeding of ochratux_n. Renal 

losions were mostly confined to the proximal t  ibules and 

vers less in severity coaoar^d to leaiois in. liver.

Renal fibrosis was not a feature in. the present study 

even though thicks dLag of tne basement menbr in© and moderate 

dilatation of the renal tabulas were noticed. 'Jhronic 

exposure to low levels of oenratoxxn A Cor larger periods
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is  apparently required for the development of renal 

fib ros is . Bzczech et a l . (1373 c) reported t iat fibrosis  

was not a feature of acuue ocaratoxico3is in  young pigs.

j^ctrarenal lesions Observed m  tne present study 

were mainly of liv e r , stomach, intestine, lymph nodus, 

thymus and spleen* Testes/ovary, zzyroid, adr^ial and 

pituitary showed mild lesions in animals exposea to toxin 

at the level of 2.5 and one mg/kg body weigat.

Pathological lesions were obs.rvsd in the liver  

of a l l  animals expos -d to ochratoxin* The severity <£ 

changes was in  direct proportion to the total amount o f 

toxin administered. The lesions were more extensive and 

severe wnan tne toxin was administered intravenously or 

irrfcraperxt oneally taan waen the oral route was adopted* 

Degenerative changes ranging from cloudy swelling and 

fatty change to necrosis of hepatocytes in focal areas 

were seen in  animals whicn were gj.ven tno  toxin per os.

Frank necrosis of nap at ocyfees, haemorrhages, presence of 

ilallory bodies, disruption and collapse of reticular 

no Work in focal areas, b ile  stasis and mild degree of 

bilo ductular proliferation were the lesion3 m the animals 

which received ochratoxin at higher levels a/ intraperitonr*al 

and intravenous routes. Similar changes but in  a milder 

degree were observed in other ex senmental uiiaals*
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ftLld vacuolar charges were seen in scattered epithelial 

ce lls  lining the papillae ox rumen and reticulum in  the higher 

dose groups* Few ulcers were observed m  tne ruaen of animals 

which received ochratoxin orally and intrapentonoally• Hype- 

raemia and oedema of abomasum, varying degree of degenerative 

and inflammatory changes, necrosis of the lining epithelial 

colls and goblet c e ll hyperplasia of intestines we.e the otncr 

lesious m  the gastrointestinal tract of experimental animals* 

A ll these reactions are due to the action of tne toxm on the 

epitaelia l colls a*id consequent reaction of txsaucs. The 

oedema nocicod in the gastro-mteatxnal tract -ad in otner 

organs is  due to the injury ox the vascular endothelium.

Necrosis of lymphocytes and depletion of lyuphoc/tes 

from tne spleen and lyapn nodes and 1 ymphocytopaoma were 

observed in a l l  animals which were given toxin by tne oral 

route and m  tne animals given toxin at 2,5 ng/kg body wei^it 

level i/v, and i/p and at 1 mg/kg body weight level i/p,

Lymph node oedema was ooservad m  the highest dos<- level group 

ji/en ochratoxin mtruperitoneally, Lyraphoia dooletion m  

the thymus /as a-an in  two of tne experimental uauaals* 

Degeneration of aem_nxferous epitnelium was observed in the 

testes of the ani aals tnafc received oc iratoxin by oral route 

at the level of 2»o ag and 1 mg/kg body weignt Oikl m  an 

animal whicn recex/ea 1 mg/kg body weignt lovel of ochrato <13 

intraperitoneally• This implies that mfLo animals subjected
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to ochratoxin at high levels or over prolonged periods may 

oecome poor semen producers* Degeneration and necrosis of 

the germinal epithelium were also observed in the ovary of 

animals that were given toxin at the rate of 2.5jng/kg body 

weight per os and by i/v route. This indicates the role of 

ocnratoxm in causing sub-fertility or in f r t i lity  in goats 

and needs detailed investigation* Few fo llic le s  of tne 

thyroid were found enlarged in this group of animals. Slight 

reduction in the number of acidophils of the p iiu it^ y  and 

focal degeneration of acidophils were noticed m  tne Gr. V 

animals (1 mg/kg body weight i/p ). Widening of tne zona 

fasciculate of adrenals also was observed in this group* 

Lesions in the adrenal and pituitary were observed m  Group Ix 

(1 mg/kg oral), Group V (2.5 mg/i/p) and Group ViI (2.5 

mg/i/v) animals. Vacuolar degeneration and necrosis were 

seen in some of tne acinar cells of the pancreas in the 

animals of the latter group. I t  is  likely tnat tne patho­

logical alterations seen m  these organs are a reflection  

of general process of cellular injury than any specific 

target action.

The synergistic effect of aflatoxin wifcu ocnracoxin 

is  v*-ry clearly manifested in the -seventy of patnological 

lesions and in the altered values of the levels of some 

enzyme3, icterus index, 3JN and creatinine in the blood
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(F ig . 39 to 44). The degenerative and necrotic processes 

in  the liver and kidneys were distinctly prominent than those 

in  other groups. The pathological cnangos involved a l l  the 

different segaents of the nephron. Alterations due to the 

comoined toxicosis were also prominent in  tne gastrointestinal 

tract, adrenals, pituitary and thyroid wneraas lesions in  

these organs were not of suca severity wnen either aflatoxin  

or ochratoxin was given alone. Depletion of lymphoid cells  

was observed in spleen and tnymus. C linical signs of 

illn e ss , biochemical alterations in olond, gross and histo- 

pathological lesions in  organs strongly suggest synergistic 

action of the toxins.

Synergistic effects of ochratoxin and aflatoxm  in  

body tissues nave been demonstrated earlier in  broiler chicken. 

Increase m  liver lip id  content has bee 1 mainly attributed 

to the toxic action of aflatoxm . The kidney was the most 

sensitive organ to the combined toxicity of aflatoxm  and 

ochratoxin A in birds (Huff and Doerr, 1330, 13u1)•

Campbell et a l.  (1331) demonstrated doerease in  circulating 

lymphocytes and increase in  heterophils in  a fla t0x1 cosis 

of broilers. Oehratoxicosis decreased eosinophil population. 

Ocnratoxin and aflatoxin together reduced tne imnune status 

of chicken. Doerr and Huff (1930, 1331) demonstrated 

increased protlirombin time, diminution of packed ce ll volume,
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haemoglobin, total serum protein and albumin by combined 

toxicity xn bro iler chicken. During combined treat aant 

the uric acid levels were significantly elevated* fho 

elevation in  uric acid was mer 3 tnan tnat observea in birds 

which rcce_ved ochratoxin alone* iati at a l* (1 ja1 ) have 

reported slxgat necrosis of hepatic ce lls  and degenerative 

changes in  kidneys of rats whicn were fed aflacoxin 31 

and ocnratoxm A tog^tn>-r* Sucn pathological alterations 

dia not occur in  animals given either toxin alone* As is  

evident from the clinico-pataologlcal and pathoauatomical 

changes combined toxicity causes v~ry severe deleterious 

effect on tne physiopat lology of the animals* This brings 

to focus an important aspect that toxins, waen they act 

togetner, even i f  tney are present m  law doses cause severe 

damage to cellu lar structure and function*

Ultrastructural examination of tissues m  acute 

ochratoxicosis revealed extensive organellar and membrane 

destruction ootn in  liver and kidneys* Tne plasma mcmoran-s 

of hepatocytes, the epithelial ce lls  of glomeruli and the 

proximal convoluted tuoular cell3 showed marked configu­

rational changes probably due to the direct action of the 

toxin* Sucn a change could also result from secondary 

hypoxia or anoxia* The vacuoles noticed in the epithelial
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cells of proximal convoluted tuoules aignt represent 

invaginations of the ce ll surface and mlgnt contain ATi? 

ase indicating their nonlysosomal property, Frimrv-r (1975) 

found sucn vesicles in isolated hepatocytaa waea exposed 

to the toxin, pnalloidin. The vesiculation and fragmen­

tation of the endoplasmic reticulum and disaggregation of 

the ribosomes of the hepatic cells Indicate an 1-pairaent 

of protein syntne3is* The proliferation of snootn endo­

plasmic reticulum seen in hepatic cells  whan exposed bo 

a wide variety of toxic substances was not noticed in the 

present investigation, A probable factor for this might 

be the high level of toxin exposure which inflieced severe 

injury to the ce lls , whenever, there is marked hypertrophy 

of 3 fl, there is  a corresponding increase in the activity 

of some of ■cue oxidases of biotransformation sucn as 'lAJPH -  

cytochrome reductase and cytochrome P 453, whicn are closely 

linxed to or integrated into an electron transport chain, 

of the oR membrane. The enzymatic activity of the bio- 

transformation system affects tne intensity ana duration of 

tne effect of endogenous and exogenous substances which are 

metabolized by the liver.

The live r ce lls contained large number of lip id  droplets 

within the endoplasmic reticulum and as smootn muabrane 

bound vacuoles (liposomes) which coalesced to form large
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lip id  droplets in  the cytoplasmic matrix. The liv e r plays 

a key role in  regulation of lip id  metabolism of the body 

by synthesizing and transporting re latively  largo amounts 

of lip id  to the rest of the body* Morphologic i l ly ,  the 

endoplasmic reticulum is  the principal site of lip id  syn­

thesis? so as of the lipoprotein are transported to the 

Golgi complex where remodelling, concentration aid segre­

gation ta<e place, before they are released iirco the space 

of Disse*

Huny theories have been advanced to explain the 

occurrence of liposomes m  liver subjected to toxic injury. 

However, one concept that seems acceptable is  taat lip id  

accumulation is  secondary to depressed protein synthesis, 

a point supported in this study oy the disorganization of 

the ~R* I t  is  believed that m  normal situation a lip id  

acceptor protein is  produced by RZR «nd this coniines witn 

triglycerides to fora very low density lipoproteins which 

are released into blood* I t  is  possible tnat o -nn  toxin 

damaged the t JR. and depressed tne synthesis of tins prouem 

but not the synthesis of triglycerides resulting in the 

accumulation of fa t  m  the live r. The vesicula^ed and 

fragmented appearance of tR along with degranulacion of 

ribosomes has also been reportea in  a variety of conditions 

of toxicity and deficiencies* Alteration of the chemical
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composition. of the membrane caused by lip id  peroxidation 

could cause phase transitions wifcnin certain memer-mes 

which in turn might load to oudding off vesicles. I t  tax gat 

also be possible tnat onase transitions wifcnin tne membrane 

might result from failure to renew 3ome mamorune components 

due to inhibition of synthesis of phospholipids and proteins. 

There is  ample biochemical evidence tnax protein synthesis 

is  in  fact impaired by drugs which oroduce the change, fne 

increase in the perienromatin granules in the nucleus seen 

in thi3 study also supports this contention* Various 

studies have indicated that an increase in the number of 

perichromatin granules may be an indicator of aberration in 

protein synthesis. I t  has been postulated that at least 

some of the perichromatin granules come from nucleolus, 

because an accumulation of perienromatin granule is  seen 

in  the juxta nucleolar region after administration of v~riou3 

toxins including afiutoxin (Derenzini and Moyne, 1973)•

The epithelial cells of tne proximal convoluted tubules 

showed lysosomal structu- as of various morphologic pact irn; 

most of them being autolysosomos and multivesicalar bodies. 

Myelin figures were also consistently encountered m  cells  

showing nocrobiotic changes. Increase m  the rwmb_r of 

cytolysosoees indicates a sub-lemial intracellular focal
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injury caused the myco toxin, iyellnosomes have seen, 

produced in numerous c a ll types by a v a rie s  if di ngs.

It  i s  quite possible that la  ochratoxiooaxs ayelxnoid 

boaios are formed because the toxin oucame bound to lip id ic  

membranes tnus making I ,ea d ifficu lt  go oe uigastcd, It  

could also oe tnat tne c;>xxa selectively inhibited 

lysosomal anzynea. The power of lysosomal hj-droW.es to 

degrade lip id  is  Ilsixiad and variable and ayelinoid botn.es 

persist when the llp ia s  became hydrated, Qtnerwu-se the 

lip id  aiay persist as droplets or electron douoo _r ovules*

i-'ragmam.ation of the nucleolus was observed, in most 

of tie  ce lls , in  view of the parallels between s ir  accural 

and oiochamical changes i t  nas bean suggested tint nucleolar 

fraga ntation reflects the metabolic derang-neat due to 

ATP deficiency or inhibition of ilNA synthesis secondary to 

a metabolic dlstaroance (Sninozoka et a l , , 1973).

As seen in  electron microscopy in this inv o<-i0xtion 

tne iallory bod/ is  composed of aggregates o f f i b r i l s  w_ Liout 

a H a it irg  membrane, Those f io r i ls  could nave resulted 

from a degenerative jr^wss or tia r-au lt f r o  a i-v sy ntne3is 

and to contain contractile proc ?in. Of the thr?? morpholo­

gical varia i t s ,  tne types seen in  tne hepatic c e l l s  repres -nt 

the type I  (Dens and Jokorstorfar, 1977) consioti ig o f  

bundles of f io r i ls  in  parallel arrays which moasu.g 9 to 12 nan

146



Mallory body filaa -n t assembly includes polypeptides of 

tne c^toKeratia class of intermediate filaments and also 

nlghor mol scalar weight polypeptides normally found only 

xn the c/tokeratins of mature neratocy *ea of the epidermis 

(Frencn, 1J33). Mallory bodies f-,rm axid grow in  size not 

as a resale of irereased protein incorporation, but rather 

because tney ax e resistant to dissolution*

Fusion of foot proc sses of podocytes was s-e \ m the 

glomerulus. This is  cnarac tensed oy a disap uoronce of 

the regularly spaced small foot processes and tn=s appearance 

of much larger irregular cell processes or segments of 

podoc/te cytoplasm resting on tie oasLL la.iai.xa. i t  seems 

unlikely mat this change results from actual fusion of 

neighbouring foot processes of Jiff-rsnfc podocytes, alt rough 

images suggesting rusion of chc cell momoranus o_ two 

neighbouring foot processes atxva jeon seen on rare occasions.

3canning electron microscopic studies has s .own knot ^no 

appearance of tne so’palled f  jsion of foot processes is mure 

likely due to a swelling and retraction. of fool processes 

so tnat capillary wall is  cov.red by large swul-oa processes 

or 3 igmsnts of podocyte cytoplasm (Buss uod namo-rts, 1j75>.

I t  is  evident tnat tense changes raignt bo tne major 

responsible factor aiding passage of macroaolacalar 

subat<mcos through ths glomerulus resulting in the various 

c lin icop a th o lica l manifestations. Apart from the orjunellar
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changes in  the c e lls , this morpholigical alteration seen 

at t ie  u ltrastractarol level along n. ch the fragic station 

of the oase lent membranes m  the glomerulus could so con­

sidered as a significant observation in  ©chratcxicosis in  

the goat.

The results ox th is stud/ inalcafca that paonobiological 

manifestations are more intense wnen toxin is  a - m istered  

parent-rally* It  is  quite eviaent teat wnen orally in^wstaa, 

higher lavels of toxin and a longer duration arc re mired  

for manliestation of toxic symptoms* Addition vi ^ lacoxins  

furtner enhanced and intensifieu the pafcuolOe,_cal alterations 

ana c lin ica l symptoms. U ltrastructardily, i t  i s  smn that 

the mcsabrone s/sfcea in  the je l ls  are severely dUxwCted by 

tne toxin m  addition to alterations of otaer

Further u ltrascractaral, histooaemical and biochemical 

studies ar^ needed employing suolefchal doses to dilineate  

the exact structural and functional cnanges c-used by ocora- 

toxin. I t  is  also necossar/ to fina  out ways and means to 

destroy or detoxify the elaborated toxin in  the feed so 

taat f ie ld  cases of oonratoxicosis can be minimised*
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SUMMARY



SOW-RY

An experimental study was undertaken to delineate the 

pathological effects of ochratoxin in goats* Oo^racoxin ’/as 

prepared in  the laboratory and a comparative assess ient of 

production of ochratoxin by A* oc brace us and A. sulphurous 

on wheat and rice under statics and shake culture methoda 

was made. A. ochraceus \*as found to be a bett ;r t^xin 

producing strain in both substrates under static and shake 

culture systems and wheat was found to be a setter substrate 

taan rice.

For the toxicity studies, Saanen -  Kalahari cross-ox'ed 

goats of 1 to 3 months age were employed. Furxfi-d ooiiratoxm 

prepared m  the laooratory was administered to ti.u ani aals oy 

oral, ixitrapentoneal and intravenous routes. r — Jixfareat 

dose levels, 2.5 mg/±cg body weight, 1 mg/kg boa/ w'dgat and

0.5 mg/xg body aei^ht ware aaapted for a i l  tro-ements*

C lin ical signs, haematological and olochemi-'al alterations, 

pathological alterations in urine, morbid anatom/, histopatho- 

logical le s ion  and ultraatructural changes in tiaooes and 

cells  were studied. Crystalline toxins (Hakor Chemicals,

Israe l) were used for tne study of s/norgistic effect of 

ochratoxin and aflatoxxn* The toxins were adairu3tered by 

the i/p route.



Varying degree of c l im -a l  manifestation and laemato- 

lo g ica l coanges were noticed in  animals 3-ibjoctid to ocirafcoxm 

ad minis-ration, basica lly  tne am aals oecane wqw- and l is t le s s  

and tnere was redaction of to tal erythrocyte count, adV, 

haemoglobin value, and lyapnoc/te count, derum protein lev©! 

was found lo/ered. JJM, aid creatinine level a id coagulation 

t i  le were high. But the change and the aegrec of variation  

depended on the dose, to ta l quantity and roauo o*. aaninist- 

r  a t i  on of the toxin and tne duration of the GXpur-ient. mo 

effect was more severe wnen A flatoxm  and Ochra<-uxin were 

administered simultaneously.

Decline in  the concentration of to ta l scrum proteins 

was noticed in  1 tag/kg and 0.5 mg/kg oral aose group from 

second and 12th vaek on/ards respectively. Reduction in  

serum pracein coocentratim  occurred m  tne 2.o ag/xg and 

1 mg/kg 1 ovals of ocnramxm by tne parenteral route, Signi­

ficant increase in 3JN and creatine leve ls  were noticed m  

most of t ie  test animals. Rise in  icterus index was ooserved 

in  the 2.5 mg/kg dose level groups wnen the toxin was 

administered by the parenteral route, m  tne oral dose 

group of 1 9ig ac*d 0.5 mg/'eg, r is e  in  icterus index was 

observed only a fte r 1 * months and d months respectively. vis"1 

in  icterus index was pronounced in  animals taut received 

ochratoxin and af la  toxin simultaneously. Rise m  ALP was
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acticed in almost a l l  test groups including those which 

were given ochratoxin and aflat oxin. Significant rise in  

SOOT was noticed in the long term toxicity group ay the 32nd 

week and in animals that were given 2*5 mg/kg rate of toxin 

by parenteral route. Rise in SGPf was significant, during 

the terminal stages m  tne animals given 2.5 mg and 1 mg/kg 

rate of ochratoxin by the oral route and in animals e tplo/ed 

In combined toxicity studies. Rise m  ALP was noticed in  

a l l  test groups including those which ware given ochratoxin 

and aflatoxin simultaneously. Rise in  3G0I was noticed in  

the long term toxicity. The significant changes in  the urine 

were a lowering of pH, albuminuria, and the presence of 

epithelial ca lls and casts.

The important pathological effect of ochratoxicosis 

was mainly nscrobiotic. Tnese changes were observed in  

varying degrees depending on tne total quantity of toxin 

administered and route of administration. Severity of lesions 

in  organs were in the following descending orders kidney, 

live r, intestines, stomach, lymph nodes, spleen, tnyaus, 

genital organs, endocrines. In the kidneys, tne order of 

intensity of pathological changes was s proximal convoluted 

tubules, Henle*s loop, d istal convoluted tubule, glomeruli, 

collecting tubules. Retrogressive changes of different 

degrees and necrosis of the lining epithelial colls of tubules
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and endothelium and epithelium of glomeruli were the important 

alterations. In tne higher dose groups, degenerative changes 

in glomeruli and Bowman's capsule including shrinkage of a 

few glomeruli occurred. Inickening oi tne oasea&nt membrane 

of tne tubules and tne Bowman's capsule was also observed. 

Proteinaeous material was present in the Bowman's capsule in  

the highest dose groups* Necrosis and desquamation of renal 

tubular epithelium oi the proximal and d istal convoluted 

tubules were associated with the presence of eosinophilic 

granular casts and PAS positive bodies in  tne lumen in several 

sites. Renal changes of degeneration and necrosis were found 

to be more intense when ochratoxin and af latoxin were admi­

nistered simultaneously*

Besides the kidney, pathological lesions were observed 

in the liver, stomachs, intestines, lymphoid organs, testes, 

ovary, thyroid, adrenal and pituitary. Important changes 

noticed in  tne liver were fatty in filtration , necrosis of 

hepatoc/tea and haemorrhage. Bile stasis, mild b ile  ductular 

proliferation and focal disruption and collapse of reticulum 

were noticed in the higher dose groups. The aepatic cnanges 

ware most severely manifested in the combined toxicity of 

ochratoxin and aflatoxin. Severe and extensive degeneration 

and necrosis of hepatocytes sparing only few cells around
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the central vein could be noticed. Many of the heparocytes 

were heavily infiltrated with fat droplets, intensive 

haemorrhages occurred in the parenchyma# Mallory bodies 

were present in few liver cells. Moderate biliary nyper-

plasia was seen* Alteration in lymph nodes and spleen were
/

due to necrosis and aubse iuent depletion of lymphocytes. 

Lymphoid depletion in thymus was noticed in two animals*

In the animals tnat were given 2.5 mg and 1 mg/kg body 

weight by oral route, and in the 1 mg/kg body wex^nt dose 

group by i/p route, degeneration of seminiferous epithelium 

was evident. Lesions in ovary ranging from focal degenerat­

ion to necrosis of germinal epithelium ware seen in the 

highest dose groups oy oral and i/v route of administration. 

Lesions in the endocrinas included focal degeneration of 

acidophils in pituitary, widening of sona fasciculeca of 

adrenals, and focal degeneration and necrosis of pancreatic 

acini. Patnological alterations in pituitary, adrenal and. 

thyroid were more severe m the animals which were g$.ven 

ocnratoxin and aflatoxin combinely by i/p route*

Ultrastructural changes in the kidney and liver of 

animals which received ochratoxin at the dose level of 

2.5 mg/kg body welgnfc (i/v) revealed severe changes in the 

ce ll structures. The microvilli of the epithelial cells of 

proximal convoluted tubul os were disoriented, disrupted and



fused. In so me locations tiare was complete loss of micro­

v i l l i .  Vacuoles some of which containing electronlucent 

material or electron aense myelmoid bodies were present in  

the apical cytoplasm of the ce lls . Mitochondrial damage of 

varying degrees could be seen. Increase m  size of mito­

chondria, changes in  densities of matrix, disorientation, 

shortening and reduction of cnstae and breakage in  the 

limiting memorane were the important changes. Toe damaged 

mitochondria were incorporated into cyfcolysosomos in the 

form of whorled membranes and lysosomal bodies. Tna endo­

plasmic reticulum had fragmented in many locations. Clumping 

of chromatin, redistribution of their granular and f ib r i l la r  

components, nucleolar fragmentation and disruption of nuclear 

membrane were the nuclear changes seen. Ultrastructural 

alterations of lesser severity were noticed in  the lining  

ce lls  of the distal convoluted tubulea and denle’ s loop.

In the glomerular epithelial ce lls  tnere was moderate chro­

matin clumping, disaggregation of ribosomes from endoplasmic 

reticulum and fragmentation and destruction of filaments. 

Microtubules were seen. Disruption of the regular arrange­

ment of the foot orocessea simulating fusion of several of 

fcnem and also their destruction were seen in the podocytea. 

Destruction of the integrity of tne basement membrane was 

also observed in  some glomeruli. In the endothelium of the
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cap illaries , pinoc/tic vesicles, fragmentation and even 

absence of microtubules were noticed. There *as moderate 

destruction of cyt©architecture of the aesangial ce lls .

In the liv e r , some of the hepatocytes showed extensive 

alterations of the plasma membrane and organelles, bleb 

like protrusion of the cytoplasm into the sinusoids were 

ooserved m  some. Vesiculation, fragmentation and disso­

lution of the membrane of the d R f disaggregation of 

riboso aes and helical configuration of polyrib QoOraes were 

seen. Tne Golgi complex showed dilatation of cxscer&n® 

and vesicles witn complete loss of morphological identity 

of some. Large number of cytolysosomes were prosunt. 

oalient alterations in tne morphology of mitochondria were 

swelling of tne matrix, disorientation, shortening and 

redaction in number of cnstae , occasional cavitation of 

the matrix and breads in the lining membrane, dallory  

bodies and lip id  droplets were present. Clumping, conden­

sation and disappearance of chromatin and fragmentation of 

nucleolus and nuclear membrane were seen. Alterations 

occurred m  the tight Junctions and the bile  ca.ialiculi 

presented a bizarre lamellar transformation.
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adonis tra il on of toxin also effected structural alterations 

ianio&ting that at least soma fraction  of ooftracoxin have 

escaped tne process of degradation Into tne nontoxic oenra- 

toxin alpha. Higher doses of toxin ia iu c o d  changes m  

kidney and liver wit a more or less equal intensity*

Morpholo&ieal altcu utions xa other organ s teas were milder 

in  nature.

I t  is  suralsan that the chlorine aoiety in  the toxin 

structure could be mainly responsible for the absorption 

of toxin oy tne cellu lar jrotem and tne association of i t  

with tne unit aejaorans causes release of free rud-cals and 

deterioration of polyunsaturated fa ts , potentiating cellu lar 

damage, fha impairment of cellu lar function aigat Ik. due 

to inhibition of oxidacivs eazymo® whicn sterna possible 

from tno ex&enaxve ulcrastruetural a lt ©rations oos rvad in  

tne aitoa locdria and ir~R* Biochemical cn&a&as li<e  high 

8 d and creatinine levsi were evidently das to sue cboro- 

biotio changes in  the kidney, iii.se in ALF, GGJa and jGPT 

ia iieato  hepatic and renal injury* la t  irfaretcj tne 

synthesis of protolas by daaagea aspatio cells  and escape 

of protein molwcui-a due to alterations in tne podocyte 

foot processes and easement m  abrunes may account for tne 

reduced serum protein levels, Tne nature of or&anollar 

destruction with coaf iguratianal cn*ngos m  calls  is  indicat-vo 

of tn© toxic potency of sae aycotoxla on the ololo^ical sy statu
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