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INTRODUCTION



INEo S TION

Duriag the past 20 years a wealth of inforwcticon
nas accumnlatea on toxigsenic fungli, their Toxins and the
rcsulting toxicoses, [Fhe impact of the discov.ry of
aflatoxicosis as a disease entity wita a wids sh. ctrus
of deletarious effects an human beings and aninals nas
resulted in tae in.ensification of research on othur
mycotoricoges also and their cause and effect relatrion-
ship. Reports on the carcinogenic and teratogznic effucts
of some of thesz mycotoxins have added a new Jinension to
this problem. The range of food and fued ssuffs poteatw
ially affectld by totrgemic fungl is wide and tne numper
of speciezs of Zungl which are capaole of groudcing voxins
are also large. The fact that mor. Unan 100 mycotoxins
of varied chemical structure and organotropisms ave beon
identified saows tne enoraity of tne problem. Th.re is
now an organized eflfort Jduvoted to unders..naly and hopa-

fully, controlliing mycotoxicoses.

Mycoboxicosis +as eancouacared for tie firsT time in
Kerala in 1384 suen aflatoxicosis vas diazgnosad in ducks
and pizs. Since tnen a varigty of mycotoxic conditions

have been identified in this State aifecting Jiffcreat
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classes of Livestock. The «ara and huaid cl.omatic cone-
ditions existing an f{erala are ideally sulted for fangal
multipluication and toxin Jroluction in fred stulls Toxi-
genie fungy grow not only in grains but also on jrasses,
hay and strow. Improper post-larvest tecanolo,s and poor
gvoring conditions are tne maan paasous for fing«l contanl-
nation. One ilmportant aspect that has to be comacdered
18 the presence of toxins in food in sab-letacl or negli-
gible doses which over a period ci time ecrip.le the
prodoction performance of an animal. Synergistic action
and poteatiation also play signuficaat roles inm tae mank-—
festation of aones).cific dasease syalromes. Apart froa
the natural oceurroace of zany oi taese aycotci.as in
grains and foddier, their rasiduvs or netaboluv.o ocour ia
milk znd otn~r body tissues of aainils whica Jurtaer poses

the problen of mycotoxicoses Ln huoan 221058

Jehroatoxans are a group of mycotoxins having varied
toxicity in anlmals. Several species of the somis
Aspergillus and Pz2nuealliua have been Zound vo produce
ochratoxivge These funzi grow on a wide rase of ceraaly,
fruics, oil seeds and prapared foods uader var.ous eaviron-

azental conditions. Jcaratixens hava the gen.r.l sbtructare
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L-p-pnenylalanine linkea vy an anide bond %o dinsdro -
isocounerin. Fhey are mainly nephrotoxic and in higher
concentrations are hepatotoxic, The most woxic asaner
of this group is oshratoxXin A which has a molescalar
forauls of CZOH'I 3C:1 N 06' The pathological eff«.cts ara
gev_rely aenifestoed in monogastric amum«ls anl calcken.
Begides, ochratoxin A wvas also found to be teraiozenic
in ratis, hamsters ad mice {(llors and Galtier, 1743
Hood gt al., 1973). Synsrgist of ochratoxin A with
stersulic 2eid had carcinogenic effect in ra.abow trout
(Dostor 5 al., 1078). Residues of ochratoxin A nave
pzen delectad 2n tissies of pig and poultry. Tne hunan
disease known as sndemc Balkan Nephrogsathy has heen

asgociated with ocaratoxine

Lake most other mycotosins, ocnratoriils &« &30
heat=-gtadle and survive provelsing Opesdladns. oobocluving
upto 3 hours destroys about 33 to 37.9¢ of ocacatoalns 1n

cerzals (frenk 2t 2l., 1371).

It was founld taat muny fosd saples vhic: rare
cbvataza froz aidforent pawrts of Rorsle, whon acraznad,
ad varying levels of cearatosa (personal oha=rvation),
Furtnir, {here is dalcigy of inforaation on iz v.—ious

asp2cks of pathological manifestation of ocaratoxicosis
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in ruminsats. 30, this study was undertaken to asscss
the jatnolozlical =2ff«cts of ocaratoxain in the riuninxg
using goat as the exn riwentil antnal. Tae eLporiaeants

wepre designed to study

i) the production of ochratoxin by Agporiillus
oohragsus and Aspergillas sulphureus ,.°
rice and wneat,

ii} the clinico~patholozical manifestation
in goats when ochratoxin was edministered
by different routes and in varyiag dose
scazdules,

111) the synergistic effect of aflatoxin and
achratoxin, and

iv) twe ultrastructural ocasis of cellular damage
in ocaratoxicosis.
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The role »f aycovoxaa as iagtrunencal for tne
development of reaal lzsivns in sy.ac #as sy c ud by
early vorkers in renal pataoclony 2ad 1t goos vo the
cradit of tae Danish getiaologest Larsen (1123) o discov.r
a peculiar type ol kidn.y d:idewse in sJine in dxe Daausn
slaugnter houses. HNatural cases of chronic renal l2sions
as well as tne experimental disease oroduced oy Leedang
mouldy rye resembled ewch oscher clogely and so 1t was
thought thnat the renal leslons saat had b.3n cacvunterad
resulted froa aould toxicosis. Attenprs were sade to
reproduce tne ranpal disesse using toe isolaced Lllonen-
tous fungyr of tne Jenicilliun sgec.es (Lersen, 1.36).
Since tnese trials did not sucewed, ot s tio hi that
5012 pactwria which wers concomitantly present in mouldy
cereal might nave been the toxizenic ageac. dowever,
cages of pocrcine n2phropathles encouatered in large
numb:rs in Damsh glaughtor houses were desiznated as

"mould nephrogsis'.
Ochratox.ns

Jehratoxin oroauctny funzi.

Ia a study of toxigends fungl, v.an davr Jd.r 2 gt al.

(1265 b) found taat Lced whicn were inocculaz.d ~w.ita taree
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strains of Ae. penracsus lsolai.d froa graians oy Scott

(1365) were toxic to dacklin:s, mice and rats, xtra-
ction of tns toxac principle fron one of the straias was
done and tae caromatogragshic.lly purafied toxin induced
fatvy changos in he.atic parsnchymal cells of sucklings.
This Loxic principle »#as designaced ochratuxin A. Subse-
quently, ochratoxins B and C, along with oCaravoxii A
were extragt.d and charact-rised froa streins of A,

ochrageus #ilh {ven der lerve gt al., 1365 aj.

Staron 2L al. {1363) isolated two Btrains M a.
gchrageus fron mouldy barley and hay tnab ccusca dealn of
fattemag lambs and heafers. Later studizg pi-ved taat
six ota 7 sncLes 2f ¢he ne OChXaCEUg group <o ¢ capable

of provacing ocaraztoxing. Jheat inocalat d +.Ta s« 2€llous

yusaya (ML 3520) and A. gul shureus (Dres) thom and
Church { vl 4077) proved to contain consido. :ol. aaount
of ocnratyxin (Lai gt al., 1J63). A.gclesobial, de
alliaceus, A, ogbianus aad A. nastrakii also wece capanle
of producing ochratoxin A and B (Ciegler, 14743 desseltine
gt ale, 1972)s samzel gt al, (1976) isolavsu eleven

girqains of A genraceus all of which were active ocaratavin

ProuuUC TS,

Thou,h ochratoxin A was originally considered as a

metabolite of the A. genrageus group, 1t was later isolat !
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from several species of Penicirllium also (vaa Jalbeek

et al., 19693 Caregler et al.,1972). The most important
and prevalent agong tnese is 2. viradicatum. van Jalbeek
et al. (1363) isolated a strain of £, viradicatum which
was found to be a good ochratoxin producer, from the
surface growsth on 'packed ham'. Ochratoxin A wsas isolat.d
as a natural contaminant of corn for the first time by
Shotwell et al. (1369) and the particular sauple was
heavily infested with femacillium species. 3cott gt al.
(1370) revorted vhat the fungal species responsible for
ochratoxin production in sheat was 2. viradicatum. Netural
contamination of most of tne cereal grains by ocaratoxin a
was found to be due To this species of Penicillium (Scott
et al., 1372). Otner species of Penicillium like P.

palitans, 2. commane, 2. variaoili, 2. purpuresceas, and

e
-—

2o cyclopium also were found to elaporave ochratoxin as

their metabolite (Crezler, 1372).

In a survey of foods for the presence of fingzal straias
in Sweden, Josefsson gt al. (1375) isolated Asporgillus
and Pemc.llium species in varying numbsrs in samples of
rye and wheat flour. The fluoresgcent strains of both
species were found to produce ochratoxine Torrey and Marcth

(1377) isolated three strains of fungzi which were found %o
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be caxble of yrodacing ochratoxin + from saasples of
refrigeoraccd and non-refrigerated foodse The isolation
and iaentification of ochratoxin A froa faddar barely

coantaminatod vith Pe yerrucosum var, verrucosum in

Czechoslovakia Jag reported (Vesala gt ales 1J7.).
Lilisho) and Goransson (1330} found that fowr str.ins of
P. purpurascens, one of g£. verruculgsum and oae oI A.

gcaraceus speclieés prodjuced ocaratoxin in barley.

Qcaracoxsn in food ipaterisls.

Corn saaples, ceraal products «anl oven hea..d Jrains
wer: found to coufain ochratoxins (Shovwsil 2t ol., 13703
Trend gt ale, 19713 Scott ey ale, 1J72). Ocaral zin A
was deteev.d in rice, wh.al, 28122, crusied o2rley, rye,
and oats collected froa commaarcral food processing plaats
and stir.s of 1ifferent parts of iac Jorld (<roslt ¢t al.,
12743 Harwig aad .lunro, 1375 Uchiyama et al., 1703
Priorv, 1J)763 Yuzic et al., 13763 Juszkiewicz gL al., 1.s/5;
Clarke and Niles, 13773 JStyrett, 1577 Suglanoto b al.,
1377« Moderate to higzh levels of occnratoxin « were
Jdut.cli2d in aasize saaples, barley and oats collsct.a from
andemac areas of Balsan nephropathy and porcine naphrojatns
(Balzur et al., 1J77; drogh, 1377). Contamination of
flour sugzplicd for human consumptlon, and anlaal rfezd

stuffs wuth Jcaratoxin A were reporved (hichardaon gt al.,
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12733 Funnel, 1)73). In India, dao et al. {1J72) found
ochratoxia & in 11 out of 130 food gre:in sanpl s Tosced.
Oafierens levels of ocaratoxin A were found in 57 ns,
corn, forug. and molze used in pouliry fieed f.clories

(Prior, 123%; devi and Polasa, 1332).

Factors influeacing ochratoxain production.

As OChriceus ia s0mewnat Xerophyllc in adware and

an groW av apout 80 per ceat relative numidity (Chrisc-

v}

ensenly, 1362)¢ Jnder optinmal eavirommental coadi.ions
ocaratoxin producticn in signiflcant quentiti 3 Qoours

7 to 14 days of grostn in the subsirates The weolmum
tengerature at whacn Zemicalliug fungi can JroduCce 0CaAra OA-d
was raported to be -2% (i18livec and fulte, 1./0})e Grosth
of funzi in shredaed wnect at 217 o 2303 for o 9 raod of

19 to 21 days proaucea Joww ylelds of oClwatuvxan, as snown
oy ochindler and Nesaeia (1.73). Irenk gy ale 1 71)

fouad taat the opbiual t.ogper .sare for ocarat.<an oroductinad
by A. ochiraceus +1.L-3175 vas 23°%. The ootial uime
varied fron 7 to 14 deys desendiig on taoe suoslrate., rodu-
ctaon of ocaracvaxin in consideraple quantities occurred at
25°% after 10 or 12 Jay3' grovth .a zedium contoining two
per cenl yeast oxure ¢b cad four per cant sucrosce (Sansing

ex als., 1373). Lindenfeslcr and Clezlor (1)75, aesigned

——
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a solid substrace feryenter for the production of ochratoxin
in large amounts. The highest ylields of ochr-wosin &
cccurred ln naliose contalaing culture aedaa froz A, gohra-
csus in comparison to other carbohydrate coatalning media
(ungel, 1376). Balzer et al. (1977) observed thut contami~

nation of aaize grain in stors houses by Asose illus and

2enicilliug spscies was favoured by cerialn tomperatures

and moisture, Usually there was bact rial faacntation
before coabadnation by fungie. Hesseltine (13/7) producsd
ochratoxin A employinz solid state of fermentution in wheat,
rice and oavse Lillehod gt al. (1978} used & numaer of

sgoecies of Asporpallus and Pemicillium for prouucztion of

ochratoxin A in Several media. Maximun yield of 350 pg/ul
of ocnratoxin was ootained by the a. sulbhurcug <sclates
in the modified Uzapek medium after 11 days of svatic

incubatisn at 28°C.

Detection and asolation of toxine

Since tae developaent of a rapid wmeivhod for detection
and identification of ochratoxins by Steyn and ierwe (1366),
several workers have traed differeab arocedurcs for
extraction, purification, lsclation and quantification of
ochratoxing (Nesheim, 13593 Galtier, 13743 Lav_, 1375
Hald and Krogh, 19753 Hagan and Tletjen, 1979 Roberts and
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patberson, 1975). & riadioimaanoassay tecaniqaz fmployiag
1251—1aoelled ocnratoxin 4 as radiocacclve antdjen vas
evolved by Aalund et ale. (1.73). Scr.zaing m2ineds for
more tnaa one aycotoxen were Jeseraoed by Holasay (1978)
and [akeda ef ate (1375). a sp etroscopic prociiure,

usiag carboxypeptidage A for the guantitative ":asureaent
of ocariboxin A was evolved by dult and Gateanock (1375).

A method uasing the daff.rescea in xinetic paramelars of

the enzymatic hydrolysis of the Ttwo com.oum 8 Jag suggestad
for analysig of mixcares of ocrratoxins using CarvoLy-
peptidase A (Hult gi aL., 1377). Procedur:s lisge dirsct
tnin layer cnromatographic dansibometrac identificetion,
rmnuanofluorescence microscopical actection, spactrophoto-
fluoramstric detection «nd hign pcressure liguid chromato-
graphy were descrioced (Reimerdes, 13773 -1lling, 1.77 a3
Bagstrom gt al., 1377; Czerwiecki, 1373; tuat .t al., 1373;
Balzor gn ole., 13733 Pet:rsoan and Ciregler, 13735 Josefason and
Jdeller, 1373)s In a aultiayestoxin deteetion thud,
Gineno (1373) used solvents of diffareat pd Jor .xtraction
of toxins. 3ecriening methods for simultaasous doterauinatisg
of 13-14 aycotoxins inclading occaratoxin A wers descriosd
oy Gorst-Allman and Ste,n (1373) and Taseda gt at. (1373).
vsborne (1373) denoastrated a reversed pnase hi_n prossure

lijquid earoassograpiy for tng detection and guan.ification
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of ociracoxan a in tlowr &nda bakery procucis. funt gy al.
{1373) described a sensitive mathoed of detection of
ociratoxin & in kidney using enzyaic dizestion, dialysis

and high prossaoe liquld carossatoxraohy. 3Schwelgnardt gt al.
(1432) also enployad a high prassare laguid chroaatogr.pnic
mehod for rapid detectiva of ccaratoxin in sabstrace,

duls et al., (13.0) devonstrat.d a meslhod of ev.luation of
acnratoxlin in tae feod of pigs hy estiaating wag Loxin

cons *at in hlood,.

foysacal and chemacal vronesriies of ochratoxins.

The physical and chemical proparties of ccar.toxing
4y 3 axd C were studied and gtractural formulas sorked out
by van der "lerue gt al. {1365 b). Jearatoxin A wsas found
to be & colourless crystalline compoand, tne (ure toxin
having & meliing pornt of 16900. It was found 1o ve
sparingly soluble in watzr, but soluble in polir organie
solvants and dilutes ajueous sodium bBicarooatiw. Ucaratoxin
3 Jas chuaractsrized ag the dechloro analsgue of ocaratoxin
A which ofzten co~-occur in cultares along #izn ocuratoxin A.
Jehracoxin C #33 cnamxcally cnarect rized as the ethyl
egter of conratoxin A. Acid and enzyaatie ayurolysis of
ecaratoxin 4, yielded L-B-phenylalanine and the sccowaarl.

acld-ochratoxin alpha {van der ierwe gt 8l., 1JG5 o).
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Jearatoxzin A was found to be @ stunle compounl 2na could
ve stored in ethanol solabion in reirigerctor for over
a year witaoas Loss of toxacity (Chu and savz, 1.70). Tue
Lenydroxy ogaratoxin s also was lal._r isolac.d iroa a

scrain of ge virzaicctan (duteninzon gl waley, 1.71).

e
e

Ocprawoxin & was foune to pand povine S-Ium albluin

(Cauy 1971)s Survival of 12,35 to 17 per c.nt of ochru-
toxin 4 in the absence of water aud 20 1o 3D D.g ceab un
the presence of water durlng autoclaving 77 Lncee RO4rs
has been reported oy irenk eg ale (1971). I{ wus Observed
taet decomposition ol ochiratuxin ~ ogiurred On L. OBUlE
to fluorescant laigat for several days \Neely axl aost,
1572)s Cleavage of ochratoxin s 1AGO NOATOLLC QCarabox.n
alpna and pnenylalamne ocourreq wien awxed we.n the
contants of ruacn, reticuluam and oaazuzn of tax cow {Hulb
et al., 1376). Galiier and nivanerie (1378) trasted occara~
toxin A st tae c.nvrifugal pellet of ral cascal cont.ats
contaraing microbial flore «ad got ocaraloxin alyna as

tne hyurolysed proaucte It 9ds also demvasira..d biat

tne toxain coulu be nydrolysed by che ruien fived of ows
and sa2ep.  Sterdlficzuvion 10t0 Lne LoX1C oCaracdLin o

also wug found posorbla,.

Toxwcity in Aniasls
unlnaeats.

Reports on ocnratoxicosis in ruminants zie few, 1In
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an investization of mortality in laswos, stacoa _t ai.
{1)63) iasoclated toxiC stra.ns of A, pcaracsus from

parley and hey which had been fed to taese laios. ‘lanro
gt ale (1J73) adninist.rad ocaratosin » intres nouasly vo
pregnaat ewes at tie dose level of 1 mg per K3 boay weijznt.
The animals died in less tnan 24 hours witaout aborting
and the cause of death was round c¢o be esther pulmonary
conzestion <1lh ocdema or massive nepatic necrosis. it
was found tnat very little ochratoxXxia A pen-irac.a the
runinint placaanta singe no ocurdtoxin was foua.d la the
ewe's aaniotic fluide ~Foetel tissue lovels o. loxin ware
1/4000 to 1/1000 the levels in the maternal blood.
Ochratoxin extract:d from mouldy hiy caused ¢ alrilobular
and peraportal facty degeneration of tae 1liv-r i severs
neshrosis in kids (Snadm et al., 1374). Huli 2t al.
(1976) renorted on tne dezgradation of OCHI'atOxi. A Oy
ruainantse Vcuratoxin A 443 incusat.d 4161 Tie cone ncs
from tae bovine stomaci conrvartaents anu 1% vas found that

tne toxin was cleavad into non-toxic ccaratoxin alpha

and phenylelanine by the contents froa all bub the avonds..l.

Ricelin gt al. (1378) induced achracexicosis in two

calves by Laving single dose of 11 a2 p=r £, anu 25 mg
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per £g bouy wewght of ocuwratosin A. 3Srmlarly L1.ree
cows which were tirze ©o six noaths pr-gnant wvere doised
Wit Je2, V.75 and 1.55 ag ochratoxain per kg baty sea’ht
for four vo Live dayse A fourth co¥ frua the same group
recesved 13.5 @y ocarabagfia por kg as 4 single duse. The
cow taat receivea singl: passivz dose of ociral.xan i
hal difficulty in risiag, diarrho=i, dnorexia axl abrupt
cesaation of a1lk oroouction, 2ll coarencing one day
after dosinz. Un ithe day next to Josing, 650 a, of
ochratoxin A and 4522 mg of ochratosin alpha w.re detected
in the malk, Thereadter, only ocarstoxii aloha could
b2 detecvsds Completa rocov.ry occurr.d after four days
but ariy prodaction a ver iiacriasg2a above onl=t uird
normal dur.ns vial lactatioa seraod, Jovg truet-d at
doses of 062, V.7, and 1.05 ag,/kZ for four t> five days
raaained clinically nocusel and delivered aocr-al calves.
fhe cov zavsea 1.60 mg/kg daily for four days cal ocnra-
toxuin alpha ia tiwe milk on days one throash s.» but
traces ol ocaraivoxan A were detectea only on doys taree,
fouar am five. ALl cows pnau tracz2s of ocnravosin alpha
in milx «nd urine. Goats siven or«l scaratouan N ab the
rat: of 3 mg/kg asveloped wval.ry diarrho.a, pociae
dehydrated and died on the fifta day. Jontrilonalar

cloudy swelliag of the hepatocyt:s @as tie oaly histolojrcal



16

leaion. All of the exverinental goats hed a decliae sn
lymphocytecount <ad an incresese in neutrophils during

the period ol aduimistiration of woxine Serat glatamave-
oxaloac stic transaainase (3SG07) asctivity increased in

all cases and sorum alialane phosohatage (aL7; activity
declincd in aniasls given ocaratoxin at 3 and 2 az/sg
level, An increase in se<rum oL vas obs.rved at 1 mg/xg
dosage levels Shreeve et al. (1J79) detectad scaratixin .
20 tne Kadasys of a cow fed ochratoxin contaninated
ratvions .Aultiple smell grey spots on the kidney were

tha gross lesions while microscopical exanination ravea;ed
sub-acute incersgtitial nephritis. Spontansous occurrence
of ocaratoxicosis whicn caised morvsality in 53 cactle

was repurtad froam Iowa (Lloyd and Stahr, 1330).
Swine.

The cages of 'nephropatay' (Larsen, 1:23) and 'mould
nephropachy? (Larsen ei ale., 1962) could in rotrospect
ba consudered as due to ocaratexwn toxlcity. Iladsen ez ale
{1555) adaimstered mouldy barley To pigs and reproducec;
the symptoas like polydipsia, polyuria, gastrsermuoritis
and retardation of grosth. Henal camage ¢1aract rised

py atrophy of the proxisal renal tubul>g, thaicke dng of

the tubular basement menbrane, hyalinization of gloxeruli
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and cortical cyst foraation was observed in puizs due to
ochratoxin ingostion (Buckley, 1971; clling and Joller,
1973). Changes in rensl function a.d structarc amd other
pathomorphological changes induced oy purificd ochratoxin
A and ochratoxin A conteminated feed were deseribed in
this srecies (Szozech et al., 1373 o} dyldgasrd-Jense-,
1973; Szczech gt ale, 1974 D).

Pattersen gt al. (1376) fed a mixture of ocaratuxin
A ana 3 to pigs darly for eight days during carly
pregaancys It was i1ound tnat coapared w.th ociratoxin A,
ochratoxin 8 was poorly aosorsed and prefzreasially
hydrolysed to B-ocaratoxin in the imtestinal tract. Uch-
ravoxin A was exgreved as unchanged toxia in f£ozces and
uring. venratoxaia did not cross tae placcota to tae
foetal tissues. Tae epidzmiclogy of mycoboxie porcine
neparopathy shored saimilarities with taat of <aw.mic
Balxan nephropatny of man (Arogh et ale, 1770 4). Conte-
mination of foodstuffs witn ocaratuxln 4 was found to
be more fregusnt in parts or Yusoslsvia where Jalgan
nephropatny was prevalent inan in disease Irze 220.08
{Arogan et al., 1377). The morpholojical aspocts of
mycotoxic poreine n2phropathy were described ana the
relationship of cnunges wiin whose of endemic Jalgan

nephropathy was indicaced by £1ling (1377 b). Histological
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chanzes similar to tnose observed ia exo2rameatal
ochratosicosis were pras=nt in most of tae Kiliwys in
which ocaratoxin residues were sreseat { tucyrist 2t al.,
1977). HNephrosatany and hign conc acraition >0 0CArasoLia
A in xidneys were obsorvad in fattening pigs fcoo two
Swedish fanizss Jhole blood and plasma of 9128 Al.o
contained varying aaouavs of ocwatoxin residucss £
source of zoxin was trac.d to cain-danaged barluy which
supported gro«tn oo Lae ochraloxin proauciid I L,us,

Pe VErrdcosu@ var-verrucosum. coapoundea £ ood also was
founa to pe concamsat & witn oearavosin ( Wwavish gt ale,
1978). tvCausal assocrations of spont.azously ov.h rin,
nephropathy #sith mycotoxins nave o.en revieve., wd it
was reportzd taat f£ield casvs of rarensl ocd. & wers
prasent in piglets, tae kianoys of whach convaw vd othra=-

toxin 4 residues (Lrogh, 19733 srogh et al., 1773s.

Alteracions in pathomorphological aspects awd enzyme
actuvity of renal tubular cells of piss duz to ocnratoxin
A induced nepnrop.tny were elucidated by hiastocasmical
technijaes, The activities of redaced nicotinialde
adenpine danaclsolide phosphaze (NALH) - tetrazolium
reductase, lactate dehydrogenssa (LAi), glucus = o -
phosphate dehydrogenase and non-sgecilfie alhaleuc phos—

phatase were reduced focally corresponding to tae arsas



19

with focal tubular atrophy and the degree of reduction
was rougnly parallel to the dzagree of atropany (Llling,
1379)-

Dogs.

At levels of 002 to 3.0 mz/kg body weilat, ochras
Toxin cauged anorexia, weight loss, emesis, tenesmus,
sassage of blood=-stained mucus from tne rectum, high rectal
temperature and tonsillatis in Beagle dogs (»zcz.ch gt al.,
1973 a). Pathological changes in urine including high
concentration of protein, glucose, isocitric dehydrogendase
(ICd), leucine aainopeptidase (LAP), glutamace pyruvic
transaminase (G2}, LDH, 30T and ALP were noticed in uogs
in ochratoxicosise Groas and hiztopatnologlcal chaages
in tissues and ultrastructural changes an ki lngys also

were described (3zczech gt al., 1J73 b, 1974 o, 1974 B).

The gynergistic effects of ochratoxin A and citrinin
in 3eagle dogs were exp rimuntally studied ((ilecaen et al.,
1977 a,0,¢)s Clinieal signs of toxicosis inclided
anorexia, tenesmus, weouzht loss, prostration and death
whan ochratofin and citrinin were 3iven vogsta~r. The
urinary conccntrations of enzyaes GOT and Lo ! weore incr.ased.
Szrum concentrations of sodium and pobtassium chloride

decreased in Jdogs given hign doses of ocnratoxin or citrinin.
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Cellular and granular casts, ketones, proteins and glucose
were present in urine waen both toxins were combined or
wita 10 mg/kg lavel of citrinin alone. ienal lealons in
dogs gaven ochratoxin were degeneration and nucrosis with
desquanation of tubular epithelial cells, praisrlily in
the stroaignt segment of the roximal tubules. vhen both
toxing were combln.a, degeneration and necrosis ociurred
in proxinal and distal convoluted tubules and in bacir
segments and collecting ducts. Jogs given ocnracoxin A
had necrosis of lyaphoid tissuas in tne spleen, tonsil,
thyaus, peripheral lymph nodes and lymph nodulos ol the
ileum, colon and rectume There was ulceration of the mucosa
of the intestine in dogs given 10 mg/kKz of citrinin and
0.2 ng/kg ochratoxin togather. Cytoplasanlic vacuolation,
nyelin figure formation and disarray of organellcs were
the predominant ultrastructural changes noticeld in tag
aninals given 10 mg/kg citrinin alons or 0.2 mg/Xg OCArAsO=
xin A and 10 ag/kg citranin. Tae vacuolar losions were
limited to the roximal tabules in dogs glvea only ocara-
toxin e Ilyelin figures were in proxiaal epithelial cells
of dogs given ochravoxin A alone or in comoinatvion with

citrainmin.

Poult;'_! .

i111d fatty infiltration in the liver was the important
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lesion in cecaratoxicosis of duckliazs (Theron 2t al., 1950).
Acute nephrosis, anepjatic degenzration and viacorel gout were
observed in chicken in exp.rimental ochratox.cosis (oupnik
and Peckham, 19693 Pecsham gt al,, 1472} Clin.cal signs
and lesions in liver, kidoey and intestines dae fo ocaratosin
poisonin, of cnicks were described by several vor.ers
(Choudnary et al., 13713 Cha and Caang, 13713 Juff gt al.,
1374 dufi zt 8la., 13753 wnlling 2t al., 1J75). ol and
Hamilton (1375) reported & longer mean survavil time in
birds exposed to h}oc and 454 relative huuidiuvy an comyarisia
to those exposed to 4% and 90,4 relacive husidity when

4 « 8 pug/g ocnragoxin was fed to chuicts. Comparative LQ5O
values of oral ochratoxicosis in cnicks, tur<eys and Japanese
quairl have been recarded (frior et al., 1J76; Goltier gt al.,
1,76). Renal lesions and reduction in r.pal Launction due

to ocaratoxicosis of chicken have osen descrisod (nrogh

et al., 1375 b; Svendsen and Skadhauge, 1976). Huff gz al.
(1,77) reporied an increase in the tabial dianetcr and Jdecreased
bone strength in chicken due to ocaratoxicosise. Analysis

of blood skuples from hens fed ochratoxin at 0.3 and 5 poa
levels in ration revealed a decrrase in tae hammatoecrlit

value and leukopenia at the 5 ppm level (dup.c of al., 1377,.
~lavation in concentration of ALY in s-rum, icrcase in
prothroabin time, decreased total serus Jrove.as, decli ¢

in egg production, reduaction in weisht gawn, and decrease
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in glycogen mobilization vere deseriped in scuratoxicosis
of White Leghorn and broiler chicss (Liker gt ul., 1J78;
Prior and Siscdia, 13783 Bitay et al., 1373; ilulf gt al.,
1370 darren and :dsmilton, 1331). deduced leusgocyte councs,
impairement in the phagoeytic activaiy of heterophils and
decrease in tne collagen coatent of large inuestines dua to
ocnratoxicosis in broiler chickens wers n2 0rt o (Chang

et ale, 1379; Cnang and Hamilton, 13303 Jarren el Haailton,
1980). The synergistic action of ocanratoxin <nd aflacoxin
in broiler chicxens with regard to tae laver lipia conuuat
and enlargeaent of crop and gizzard was studiea {([uff aml
voerr, 193J, 1381). Chang (1332) denonstratsd 1mpairmant
of phapocytosis by monocytes from fowls intos.caiia with

ochratoxin Ae

Pathological effects die to ocaratoxicusis were also
reported in Japanese quail und turgey poults (Joster et al.,

1973; Chang et al., 1381).

Laboratory animals,.

Among laboratory wsnaimals, rats wore extoasively used
an toxiclty studies ~ith ochratoxin {rheron et ale, 19053
Purchase and Theron, 13683 rurcaase, 1371). Tne oral Logy
value for young rats vas estiuated to be aooui 20 to 22 mg/ue

Alteration in ccll glycogen matubolism was founa in the liver
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of rats wita ocnrotoxicosis (Jdunvo ek ale, 1,73; Suzuf

and 3atohn, 1373)e. Retacdation of growta, reduccu feed
inteke, ralsed blood urea nitrogea (dud) lev.l, aacreased
kidney «el,nts and degenerative changes inv.lvi i, the eatar.
renal tubules were observed (ldunro gb al., 137+j. uvcnrato-
X1cos18 i1n rats was eaoryoboxic and teratogemic (JBL1l gb al.,
1)71; dore aad Jaltisr, 1,743 Srosn gt al., 1,703 arore and

Froleny 1,31 and fayura gt al., 132).

dayes gt al. (1,77) computed the oral L), velue of
ochratoxin A for 24 hour old rats aad fouxd that it was v.ry
low whea coampared to adult rats and the LDEO lovel was
ap roxinacsely 16 tiaes lover wiaen cenratoxan A and rubratcat.l
B were administ-red togetvher. Haley and Geltler (1977)
obgerved variations in c.rtain biocaemical paraieters in
orally iaduced ocnratoxicosis of adult male ratse 2harascoki=-
netic stady of ochratoxin A in rats revealed binding of tae
toxin to serum albumin and tne toxin was conv.r.ed to the
less toxlc ocnratoxia alpha in the rat caecum .Galtier,

1377)e The oral Lu.. of ochratoxin A for male racs was

50
calealated as 23 mg/kg und severs catarrhal ov orosive
anteritis iavolving the duodenum and jeJjunam occurred withia
4 hours ofter dosing. There was necrosis and desguamation
of epitneliun of tane oroximal convoluted tubulsg. lecrosis

of cells 1n tae gwrminal coanlre of tne splea2n and lymph



2

nodas was the other important lesion noticed (Janlsawa

et als, 1377)e raul gt al. (1372) rsported a raduction in
sleroidogenesis by tosivicular tissue during octrustoxicosis.
Dilatation of seminiferous tubular epitneliun, cytolyals,
vascular tarombosis and hyperplasia of interstitlal tissue

werc tae leslons obs~rved (More ana Camzullnen, 1373).

lmtrajeritoneal ingectaon of ochratosln a ia remale
rats cuused arrést of oestrus cycle in tae diosestrus paase
and fall in the actavaty of enzymes whicn are Lavolvea in
ovarian steroidogenesis, vJvarian cholesterol and ascorsic
acid levels increasad foll wing treatsent wlon ochratoxin a
(Gupta et ale, 1330)s The physiopatnology of naemorraagic
syndrome related to ocaratoxin intoxication was studied in

rats by Galtier (1373).

It was found that m ce werc more raesistont Lo ocara-
toxin A taan rats (Galtier, 1374). In addition to causation
of leslions ln varaous organs, ocaratoxXin is teratogenic ama
carcinogemic in mice (Carlton gt al., 13703 tay 5 et al,,
1373; Sansing gt al., 1976; Zima.rman ot al., 1377; Hood
et al., 11785 Kanisasa and 3uzuki, 1.73; Gupta et al., 1972;
3Szezech and Hood, 1379). In guinea pizs it was found taoat
the lesions were confined mostly to proximal couvoluted

tubules of #tne kidney. There was signisicuat redaction of
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betaglobulin ( ichard gt al., 15753 Thacker and Carlton,
13773 Carlton and »zczsch, 1973). dayes and Hood (137¢)
reportced on the teratogemicity of ochratoxin 4 in guinez

PLESe

3i0lorical systems for asgsay of toxin.

Brova (1)639) used briaz sarimp larvae for diologucel
assday; of mycotoxins and found Lnatl cho toxicivy of partially
purLfizd ocnratuxin was five tiaes lesser tnan T of
arletoxin 31, .Lepra fiza larvae also were fodn. to be
se1silive 1o ocarsioxin o (ascaar aad Scots, 1Jo.,. Biolo-~
glical dececiion of ogaratos.in using chick eabryo and cell
calture w.s Jdesgrabed by Gedek (1J)72). cardeiluac gt al.
(1372) useu wracheal organ culctures for the bicassay of

mnuc2: quiatities of mycoloxlins including ocaraboxin a.

Innibatron oi phenylalaagyl-t lw synchevege Iron pacillus

B4DCL1Li3 Ry ocur«todin ~ #a3 r:ported by Konrdad and iloschen

thaler (1,77)«

tacking gt al., {1977) developed brine shriap and
chick ~mbryo assay for mycotoxins including oc.wrutoxan 4

and th dose-response curv:s were worked out. Ochratoxin &

caused autelysis of Bacillus subtilis when add.d to the
bact.rial culture ab less than 12 macrogram/nl concentratic.i.

Inhioicion of prozein and c:2ll wall syntaesis wos effecsud
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at concentration « 12 }Ag/ml (8ing>r anl Roscuentnaler,
1373). Ochratoxin A anhibitzd Jroteian syntaes:s in

3acillus stoaroth rmovhilus (3uaze g2t al., 1373). inhibutvion

of protein synthests was obsarv.d ia Jireprococeus faecalis

by ocaratogin A (.leller and Roscaentaal.r, 137:3,. 1a vitre
innibition of yeast pneanylalanyl-t wuidd synthetase by
OChratdxin « 4as ossearved (Lrepyy et ale, 1./74). Lafout
aad Lafoat (1573) Joraed out the Lu50 of ocacatuxan a for
chick eabryo as 1.1 pg/egs waen inocalated throia air
8pace. antimicrobial activet; Of ocaracosin i .08 ObD8.IV..

using 3acillug thuringiensis Jerlincr oy 3out.banad (1374),

frior (1.732) reported tnat cchratox.n a, I, Lyx.n id
aflatoiin 3, increased mortality of braine srLp lurvae,
Out of several mycotoxins tested on brine shrinp, only
fusarenon - £ and ocaratogin A shosed synirzis.ic cffect

(Tanaka et als, 1973).

Ancitoxic azents.

J~aethoxycinisamaldehyds £rom connamon aihiosled grosta
Of Ae Qcuraceus and o yerszeolor atc iae tev.l o 200 P&/l
Qcaratoxin A production by tae tangus was inhibisld ab

25 fig/nl concentration (iorszual, 1473).

The ancitoxic affect of phenylalanine agaragt 0C wrabonlil
148 1avestlgoated by wrepu.y 2T als (1973).  olauleianescus an,.ction
of Q43 wg ocarwsosin «nd 1 mg of pnenylalanlne p.r mouse gav.
absolube protuction ~hile the sane dose of ochruiloxin alone

proved 100. lztnal to mice.
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Prodaction of ochratoxin

A comar.tive assessneat, unl.r stublic and snake
cultures, was made on the schracuxin pro.ucing avility of
two soucies of Ag ersgallus viz., s. ochrageus und 4,
sulphureus grown in woisieneaq, siredded, orofea wheat or

polis.ed rice.

Fung«l strains and culbure.

4. ochuraceus L1 132329 supplied oy tne Cononwealtn
lycolozical Instliule znd & strr.a of a. sulaareus
r-cayvs2d frog tie Coitral fesd and [acwnologi:.l Researca
Institdaway Wlysors, were the 3pecues agaus T n-thed useu
by Nesheim (136)) was udoptad siwa corcwen aod_ficatbioas

for the »r..aratinzn ol ocaratoxine

Placed 123 g of saredded broken wazde in & baree-lilre
capacity conical flasgk and soaded it with o0 21 of tap
water for two hoars. fhe flask #i1ta tne suostrate was
antoclav.d (15 lbs sressure per Sg. inchj 29 "n) at 120%C,
Wnen cooled, the flask was incculated with Jimzal s»nores
froa 13 day old slancs of A. gehraceus. Six sach flassks
wera prepared. J[Ihe flasks were incubaced 17 the dark at

room temperature {avout 28°C) for 13 4 4l Snag2n once a
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day to break up tne mycelial mass; the flasks were then

taken for extraction of toxin.

axtraction of toxin.

Chloroform (750 ml) #as aduaed to each flask through
a long stem funnel iaserted veside tne cotion plug aad the
flask was then heated on a stean osath uitil chloraform
vapours escaped tarough the pluge. Tha matteua growth was
broken up with a8 spatuls and tne coantents were g itated
briefly by swirlings. The chlorofora was decaitd and filt-
ered throuzn “hatnan do.4 paper on a ducaner fuamnel. Re-
extracc.d tne eulture witan two 450 ml portions of calerofor
and the extracts were filtoreds The ziltsr raoz.due was
rasned wath 100 nl methanol and tne combaned extructs were
evaporated ©o aryness in the stean oathe The crude extral’is
Zroa the diiferent containers were pooled and the Linal
volune azie to 150 ml with chlorofora. Aliguols of 50 wml
froan this were added to two litraes of hexane and swirled
vigorously., Jlemoved the precipitate forued by Ziltration
throuzn Jhatman No.1 paper., Ihe second and third 50 @l
portiors of the pooled extract solutions were, in turn,
added to hezans faltrate and the precipitate that formed wvas
removed oy filtrabioa. Ihe collected precapitace wWas
parcially dried overmight at room temperaturc and taen to

constant welgnt at 34°c.
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The hexane pracipitaie vas dissolvad 1a 533 al
chlorsfora, faltersed aad exbracit ' oacz wos1 201 Al and
trice with 100 al portiocis of 2.5 °1 godiund DICIWDLAGLL.
Tae brcarionite «iircct <o Tarung the othr.. ».n vas
pack sgeracted omce (101 52 ml calasrofora oioce acidifl-
cdrion wizi 330 mi 1 i dZSOQ. The reaaimn; ocirstotan
sas taen extractad frsa tae agaecus layer with 170 ml
porta-ons of chloroforas The comolnad calorofora 2xtr.ct
was wasaz2d Joth 70 il savor allt or nauweng well ond this
was rapzaced four Llacs. Tne exbract was eviposuated to
dryazes 11 a steaa baths, The residue sas dsea. "lved in
89 al unloroform, which Jag aaded slowly and n=th sti.rin,
to one litre hexane, The precipitace whach z svrod was

coltzet d and dried au 3400.

Juaaavisieativn of to..id.

A wosghed quantity {(one mg) of tane precip.lete was
dissolved in 10 2l of venzene for estinatisn of ocnratuxin
concentration by thin layer chromatography. oOilition of
one in thousend vasg sade from tne above sol ation using
benzene. Similar dilation was made for gcheatoxin gt.adas o
(1 13 crystalline toxin in 12 al venzene) { iagor Chemlcals,

Igracl) also. Chrouatograsinic plates were coaced wath

silic A JLC-75 to get a uniform spread thlctinass of Je2u
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and driad for tso hours at 80%C. Spotted 1,2,3,4,5

}.11 of the diluted extrace on oae huwlf of the ciwwuaato
plate and similar quantitices of tac stauaard Qunravoxan
corresp0adingly on the other nalf. In anothr cirrorqats
plate 6,7,8,3 and 10 pl quaantities of the <ilav:d exiract
and ildentlicul quanticies of tae asteiward wers spucied
in o sinilar pattsrn. Tne spotved plates were cevelopad
with glacial acetic acid - beazene {12 3 80 v/v) by a 30 min
run, dricd in a.r for 30 min amd then scanned unlor lo.g=
wave ultraviol.t 1lluaiaations The minimua ods2rvable iluo~
rescent spot w .5 lac.iew for thne 'test' (4 }4150.033/ Fge
The efy.riveat vas repzated with polisned roce in a siml .
way. Both the sevs of exporimsnts ware also rep:o.d wilh he
sulpbhureus. The continuous snake culture asthod, as aas
been adop od for tne prodiction o aflatoxian {32.%..11 gt al.,
1966) was also employed for presaration of ocuratoxine uUne
hunured godas of orozen zood guality shredded waeal were
placad in six .rlemmeyer flasas (500 al capaclty).
Aoistened the geoing sita 80 ml distilled water and allowed
two houars for the grawns to get som.ad, shakiug, a0 Llasis
occasionally to enswe unifora distribucion of mo.ature
arouad the graiigs. Tas flasks were tisd curoclayed at
15 1lbs pregsurce per sq. inch for 20 wine ad tnen allowed

to coolse Ae Qcaraceas grown ia Saboraudts dexzTrosc agar

for 13 days wus Seedeq into tne grawns of each flask
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separately. For this, a unat voluge (5 al) of distalled
Wwater #4383 aJdded to cae slants and aixea to fora a suspénw
sioay one al of bae saspinsica 4238 poared fabto tao flaske
Tae flasxs were fixew on a Neow Brunswic't shaker yfuich wasg
sot ia coabinuoas rotary motion at 4 rome ALT.r wviry

2+ hre, Lae Tlasts #ere dismantlew, shagen bo br.as up

tae clauped gralos. Added two al of distilled waltor to
ewon Tlazk for the first taree Jda,ss Cluaps of Srains

tnat foraed were periodically broken up by sSnexin, «xd oy
use of a slerale spanula. At toe end of 17 44,8 wae flas4s
were disgneéntlad f£rom fhe sneker and extraclio.a u tuxil was
done as descraved f£or gratlic cultures vacr ing the Queatity
of echlorofora to 350 ml for each exuractlion. Ino amount of
toxin proauced py the stran of funpus was guanbiflied

adorling tne same progeuure 8pplied for stasic culturc.

The 2xXperimant on continuous shake culsurse was repsaced
with polisaed rice as sabstrate,.

Tha encire Jeucedure vas repraced ity cultar s of
A. sunlvhureus.

~Kperaaental Stud, of Jenratoxicosis ia Gdudls

Thirt /four clinically n2althy 3aanen - .Jalabarl ¢roszs-

bred goats (13 males and 16 feaxles) of 1 to 3 nonthe age
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were used for tne exyDerimeat. The andmels wers selccted
frou tne farm stock of the ALl India Coordinaied Sroject,
and froa knowen loycal hous<holds. They were kspb under
onservation for a w2eX b:for: tne commnencament of the

ex eriment auriag which p._riod taey wer2 sere ned for comuoca
par.sitic digeases aad otner ailments. The rac.on schedule
folloved 1 tne goat fara was adostoed for ©1-82 cnimals.
Fe2d an,rediants, caemical comoositioa and L.zdin, scaedul.
ape sLven an tablxs 1, 2 and 3. Random saasles of concaeabe
ra.es and milk w.re regularly cnecLed for th:z prescace of

aflatosin and ochratoxin by emsloylng standard netnods,

Jghravoxin eaploysa ia vae .res:mt stuly 23 the
purified toxin pre arzd an taws laboratory as described
earliers. Crystalline aflatoxin received fro1 ilagor Chealcwls,
Isra:1, vas used to study the synergistic efi.cts of ocwa-

toxia and aflatoxin in zoats.

Srooylenz glycol was used as the vehicle for the tos.n

0 the various stauies.

The dava artaamng to haceaatologrcal and vrocnemical
results were sJdojuctea To statistical analysus accordang to
3nedecor and Cocaran (13587), and -« 0.0 was considered to

indsicacve 3lgmilicant uiffcrencaz.

he animals were dividad into four »abcies and eacn



bateh was ollotted for toxiclTy stadicse

1+ Ural route
2. incraserivoneal roace (i/p)
3. intravencus rouse (1i/v)

4, Synergistic 2ifects of ochratoxin
and afl.zoxain.

Qral rouLes

Pen guats were employed for t.ae stady. They ware
deviucd 1400 TJ0 LPOUDS, LXK IR one grous and Iuur in the
gecaad group. OShort §orm tosicity stadies were carriad out
in T12 first groupy and long torm toxaclity stailles in fae
second groun. Ochratoxin was fed individually slong with
mllk to animals.

Short tore boxicity

8ix goass varying in age berv.=n one to tJ/> montns
forasd the exparimental subjects. They wera divided into
two subgroups., fwo animals (subgroup 1) recsived ocnratoxin
Jer os at the rate of 2.5 mg/xg body wergat for & aays.
vehrutoxan ab the rate of 1 ag/k3 body weignt was fed to
two aniznals (subgroup IL) for 45 days. For caca subgroup

one amimal was Kept as control. The aanals we~e sacrific.d
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at the end of the ex» rinental periods for autolsy aa

histop.inolozical exanination.

Tanle 1
Ingredients of f2ed used Juring the
experiment.

Ingredients Parts in hundrod
Lee-orled grouadnut cake 27
Horsgegran 30
ihest 20
Jnsalted aried fish 10
ilcsbraa 10
¥ineral mixture 2
Salt ]
Jitaolend A, 82, D3 {Glaxo) 25 g/100 kg fo-~d

Table 2

Percentage chemical compositioa (ea dry aatt.r ba.is)

Dry mattor units 334
vrude proweln 1341
wther exvr ot 3e2
Cruae fibre 442
Nitrogen=frea extr.ct 8343
Total asa 102
Calcium 1ol

Shosshorus 1403




Table 3
Feoding scucdale ol goats

Age ik Co.rencrates Roushose (Ll.aves)
(.10 :ths) {a1) (3) 5.

1 -2 500 160 250

‘2 =3 43 150 430

3«6 ] 33 753

6 =12 < 432 1333

Loas t2sn toxicety (Group ILI)

Ocapetosin vas £od ad cne rave o 065 nanfis baiy scaab
£0 BUo yodues g2l thvee nwads for a poricd of cucal n0whs
Gt the omd of vhuen they Jore sacraliced for grogs o/l NLo O
sasholozlcul scudy. Iwo goals rearcd oz noraal raflos Lorm.d

the conbrol IrouDe
)

Introperavone.d rouve (Croups IV, V and Vij.

Saevens 1 o 2 10ntac old kius were used Xor ghis gtudy.
Toxln ues guven latrarerstoasally at the rawc af 6o 3/Rg body
voight to one aiimel and ab the roce of 1 mgfics body cugat to
two anmamalse Two goals vore Zi4ve:r oca abosia av Bac ruve of
0eH ng/kg body Jeignte The comirol groap coasssvud of t70
aninals. Those aninels gere oosarved £far Q p.oLod oo & dosse
Thoy were then sacr.ficod for cutopsy and hisvoxatnuolozical
andp Jionse

Intravonous roate (Grouyss VIE, VIII and IX)

Hine gxatn, a,ed 1 = 2 aoaths, wore seleceed for studyln,
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the effect of toxin by i/v route. Two goats cecelved 2.5 g
of toxin/kz body weizat. Another goat on nocrasl ration
formed the gontrol. Ine animals were observad ior & day and
sacrificad the aext day for detalled aulopsy cseainaty on.
Jearstoxin at tne rave of one mg/kg body wel.al Jas tasanist-
ered py i/v route to two goatse One goat was assd as tne
control. Taese animals were Rept umnder observation for a
na,aod o one week at the end of which they werce sacrificed
for auatoisy and histosathological exanination. Two aniaals

ere given ochratoxin at the rate of 0.5 mg/kg booy weight

%

by i/v route. One aninsl Jas gept as the control. The aiimals
were ocogservad for three deys and were sacraflc.d on tne

fourth day.

Syacrmistic .ffect of Jcnratoxian and Aflato.ane

-nght, 1 - 2 nonths old, goars were employed for studying
$ae compined offect of ochratoxain and aflatoxin. Iwo goaus
~¥ere glven by the i/p route ochracoxin at the ruate of 1 mg/lkg
body weigat aad aflotoxin at tae rate of 0.5 13/kg bedy weizat.
Iwo otners received ochratoxin alone by i/p route at the race
of 1 mz/kg body welzate A thaird grouwp of two animals were
given i/p aflatuxan at the rat2 of 0.5 mg/kz body weizht. Two

animals served as ncgaltive controlse.

£he animals were sacrificed after a period of ooservatio.

for two doy s for pathological studies.
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Laboratory procedwes

Haematological stuaies.

Blood samples wers collected froa all aninals pefore
commenceasnt of tae experiment, 43 howurs afver tie admanist-
ration of toxin, and thereafter at weekly imtervals upte
the twelfth week of experiment and at fortnightly intervals
subsequently. Blood sanples were also c¢ollec.:d lroa all

animals before sacrificing.

Proceduarss Jeseribed by Schala (1365) ver. Jolluwed for
determunation of to.al vrythrocyte ¢ount, pacsed cell voluway
neemoglobin, erybnrocste sz2dimentation, total aud differential

leukocyte counts and blood coagulation time.

The biuret assay method of Inchiosa (1354) was adopted
for tae eslination or total serum protoians and the procedures
doseribea by Coles (1357) wsas followed for dest raiaing bleod
urea nitrogen lovel. Jreatinine estimation was «.me py the
aethod of Folin eml su as described by Mcusuely (12803). Tne
photonetric procedure of Hemry (1352) was follovad for deter-

mining the wvalues for ict.rus imdex.

Serua enzyme studies.

fnzyme Kits, supplied by De@ruz Corporation, 3oanbay, waru
uged for estamation of ALP, ACP, GOT, GPT and LD activities

In serum.
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Urinalysige.

Urine saaples, collected prior to adm.mistratioa of
toxin, 48 hours after admin.scration of toxun and at weekly
intervals, were Gtesled for pH, glucose, prote.n, ketone
bodies, urobilinogen, bilirubin and blood using riultistix
reagent strips maufactured by Miles India Ltd. Ffhe
test results were periodically crossechecked oy staadard
laboratory technigues. M.croscos:cal axamiaation of urine
sedimen.s was carried out adopting standard tecimigue

{ucieely, 1230).
Morbid Anatonmy.

All the experimental as well as the congsrol amimals
wore subjectad to detailed autopsy examinatisn on icrminatioa
of the experimeatal jperiod. fnimals Ln extremis Wit Sacri-
ficea before Jdeath for the purpose of post-mor.om axdaination
and collection of Tissuws for histo-pathologlical Znd hisfo-

chemical studies.

Hiato=-pacnologye

Tissues were collcctea for histo-pathological exaaination
at autonsy, Paraffin sections, cut at 5 - § aicron thickness,
were stained routinely with hematoxylin and cosin. PAS and
Van Gieson's methods and reticulum stains were employed in

selected sections.
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Hisvo~chemical study.

Tne techniques descrived ny rearse (1363) sere eaployed

for aemonatration of ALP and ACP in paralfin scctionse
Ulirastructural stadye

Tissues were collecsed from liver and kKidney of the
test aniaals under group LV for ultrastructural sou’ies. The
tissues were fixed in 3 per ceat glutaraldenyde buffoered with
cacodylabe. Tne glataraldeanyde fixed tissues were post fixed
in ospium tetroxide buffered witn 3-collidia (3abatini et al.,
1963). The anaverial was embedded in Zpon. S54CLL0a5 ware cutb
with glass knives on a LK3 ultratome. Thin sections wece
picked up on uncoated copper grids, stained with uranyl acuitawce

and examined in & Philips .31 301 at 60 K9,



RESULTS



RaoULL3
Producticon of Ochratoxin

The quantity of toxin produced by the two sp=cies of

Aspergillus - A. oghraceus and 4. gulphureus in statac and
shake cultures using rice and wheat asg sibstratcs 1s given
in table 4. Ihe amount of toxin produced in snake cultures
was more than taat proauced in gtatic caltures. Jhoot was
found to act as a betver substrate taan rice saince both

A. gchraceus as vell as A, sulohureus produced higher

amounts of toxin in wheat. Comparatively A. ggaragcsus was

found to be a better toxin producer toan A. gulphursus.

Jxperimental Study of Ochratoxicosis in Goats

Qral administration of toxin.

Group I

Iwo animals (Group I A) were given ochratixin at 2.5 mg/kg
body weignt for 6 days. Gr.l.3. was tne concrol aniaal.
From the second day, the toest animals became l.stless aad
inact.ves These symotoms progressively iacrowsed in intensity
and tne animals appeaced vory weak when they wer2 sacraficod

on the sixth day.
Clinical Pathology

daenmatology

tlean values are shown in table 5. Significant redusction
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Table &

uantity of Ochratoxzin A {mg) harvested uvndor AlLio. ent
culture systess per 100 g substrasc,

it

Subatrase A, sulphureus Ae Gthracous
Static Shake Static Snake
sulture culture culturs culiture
Rigo 130 145 133 225

Whoat 195 210 X% 231




Haemogrom - Group I

Taole 5

e an values

Group L A Groupy L B
sarameters T T ;«;r:;j of obhservation {cuys)
Eefore o = 3@§ng - -

- oxote. 2 3 6 . ' 2 3 &
Total erythrocytes
(106/mm3) 1687 16621 1150 17140 10623 17475 1725 1780 17,75 17.70
HaEmoglobin (g/dl) Se 70 3.70 7.30 7o0\)* 6.))‘& QOOJ 90 ) Je20 300&) 9.0)
Packed ¢211 volume (4) 27.00 26,50 23.50 1‘9.50&17.30)} Bledu 30edu 33603 3J.00 30600
Total leukooytes
(10°/aa°) 13,15 17.70 14,05 15050 13,00 17420 17,10 17.20 17.23 17,10
Neutrophil () 42430 42400 35600 50650 656407 40,00 53400 40e0u 4J6dI 42420
Neutrophil absolute .
count (10°/ma’) Te65  Te3h 6e3) Te12 7435 683  6.66 6433  6.33 6.3
Lyaonocyte (%) 5755 55.00 47,00 434350 33,03 57,00 55433 63.00 53.00 57.0)
Lymphocyte abscluate .
count (10° /ma”) 10,37 2.80 6463 6440 5,03 2430 3.7k Vuu32 29T 374
3lood coagulation
time (min.) 4425 550 L4esD 65425 10,30 50 4,00 4.5C 40300 4450

P o Q.05 5
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was obsarvad i1n tne paced call volume. Changss in total
leuzocybe count, erytiwocyte sedinentation ruig, «nd acsolute
count of neatrophils were not significunt, Sigaulicant
increase in blosu coggalation time waa noticed ca the third
daye.

31lood chemistry

vl2an valacs arc snoan in Ltasle 5. The alt ration in
total scrua p.otainz, 3Jdd, greabtlzne and ict.rus Index were
not signiflcaat. I[nere was s.gneficans rise in WL and o T
01 the s.xth diy. Uncng.s L. serua lovels of <G, , wubl wad

L1 were not scgnliicant,

Jrinalysis

vnanges were ooservad 1n tie reaection and constituents
of wuria2 oy chz fifta day. Reaction became acidic iLa 3r.l
(1) and neutral in Gr.ls (2), Prolewn sas present in mddoraic
anzoa~t and loy levals of kebones were detecteds. :ldderaite to
large azouats of asliraoin and bload were Lr.oae t. Tosards
the terminal stages, sazall amouat of urobilinc,vn coula be
deseci ds tlrcroscopical examination of wanary gxdiamont
revezle=d sresence of moderate nuabers of renal :p.tielial cells,
squamous epithelial cuells and transitional coll: aud a few

plymorashs. Few numpers of hyaline and gremular c.sts also



Taole 6
Blood Chemistry = Iudil valdes

e e e Group [ & — - Group I 3
Jerrod of cbhsorvation \duys)
JarafeLers e - - e e o i S it e — - — [,

Before P Before .,

ax b, 24 Ir 2 3 S eWpt.__ 7 b 2 3 6
Iotal serua proteim
(g/dr) 5,60 5,60 353,30 4450 4450 5.30 930 5.30 5.30 5430
Blocd urza aitrogen
(ag/dl) 14.90 14430 1577 20.60 3J3e3v 13.%0 13.10 13.10 13.10 13.10
Creatinine (mz/dl) 1.265 1.22 1.60 24235 1.6u Q.33 Qe 3] Qa6 Je 33 2.58
Icterus index
(cherus unit) 1001 1005 1.025 1.02‘) 1057} 1.2\) 102‘} Ta2Jd 1.20 1.575
Alkaline phospaatase
(B’I&.}' ‘.mitﬂ) 3‘63 9.65 1).8) 1305\) 17.80 5050 3.53 5-50 5050 6.10
Acid rhosphatase
(.114.'3- LU:LLLS) 0.29 0029 O.AI'Z 0.42 O.L’%Sﬁ th"rﬁ 3.1-1-8 0"‘]‘7 0-47 d."-\\a

Glutanate oxaloacetic
transaminagse (AP unita) 70,00 7000 102,00 102,30 264,04 53,00 6800 83,00 69,00 68402

Glutanate pyruvic .
transaminase (RF umts) 5003 500 1\}.\)3 1-). 23 12. e 2ell Z.J Le0) 2eJJ ZIOU

Lactic dehydrogen.se
(C/ unies) 17552 175450 393.50 803,50 379432 200,00 200sJ2 2uldedd 200,00 200.00

~ 2 =< J05

Y
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were detected, Urine samples of the control animal were

negacive for palhological constituents and casts.

Patho-anatomy
Autopsy findings

Tne anlraals sere sacrificed on tnhe sixth duas in extrzals.
Nesropsy exaaination revesled moderate gelacinmization of sab-
artaneous fal. ew petechiae were observed on tas voenloal
part of tae apuonen. The pericardial sac .ontuadnad aboub ton
al of cloar fluid. Tae left cardiac and diaparggnabic lobes
of lungs were modoracely congesied. Tnere was mod.cate enlar-
gement of liver, Jsurface of liver appearsd diifusely pale
and few focl of pebchiae and ecchymoses were sesn. Gall bladder

contained yellowish gresen viscad bile.

Moderave swelling of both kidneys was obscrv... Cort.<
of both kidneys were pale, Cut surfaces also appedred pale with

a few rai streaks in the aedulla.

stomacn contznis were sparse., Circular ule~:s witan
blackanad base and raiscd porders were prasent ncar tne pillorss
of tne rusen. UMeseatery was oedematous. Thnere /as hyporacala
of tae mucoga of the termanal part of Jejunum, caecum and

colon., Pogtmortem lesions of Gr.IA{1) ¢losely resembled
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those of Gr.JIA{2) but were of a usilder degres. no Jross

lesions were obsarved in the control animal.
Histo=pathology

flicroscopical lessons an the gidazys were pronuaent,
Phe ordar of sevaraty emong the diffs ent .arts jog as [follows:
proxinal convoluted tubules > .enle's leoop > glorral. >
3o/man's cansule > medulla, Tne maegoraty of tae roxiaal
coavolutad tubules v.8 fouad afifccued. el vooo degeaorasive
cnanges «n tae lining epiiacliay vitn los, of bois . horaer
{Fige1)e FThe cytoplasm 01 caese cells Jes modertsely baso-
philic and tne naclel vesicalateds Fers c2lls war2 necrotic
w.ta aggregation of caromatlin of the nuclzi and the desguanataed
cells werz present in the luasen of tae tuoules. i7aline bodies
and raS positive -atarials were presoue in tiae lugen of those
tubulwz, Souz of the tubules were dilated. Granular d:zposivs
#ers po2s.nl in 2 fere  Increased granulerisy <nd vaguolar
changes of tae cyvoplasa wvere ooserved in tne epalnelial colls
of the lenle's loop. Lining cells of the dist.l coavolutad
tubules and coll_cting tubules also revealed wmild dozeneracuve
chan,@3. rCrofeinasesas a@ve«. 1al was preseat La the luwea of
s0u3 of ln. coll.cting tubules. Vacuolur chs 28 ware pres.at
ia th2 epitheliun of some of Tne glomerull while fr.uak
necrosis of the epitheliun anl endothelium occurced in same

other gloravruli. A feow of them were snrungen and r:ducod vary
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much in slze while hasmorrhage was oosarvad i Loy othors.
Dilacazion of the Bowman's cansile and presease of protein-
aczous aaterial in the capsular space were ooszrved lin some
arcas. JThera #as thickeanilng of the dowasn's cassul. amd tie
haseaeat meabrane of gome of the Hubules. .lodera.c deplotlon
of alkaline phosjaatige was oss.rved. Jogeneralive CRROges
raagiaz froa cloudy swyelling to fatsy cnaage were sraszat in
the henavooyves of the portal as2as. CJongestion 2f the ceacral
veln, simasoidal engorgement and haemorrhages in €12 purencay it
were gQoserved. Indivadual nenalocyves revealed a.crotlc
changes. <Ihe cytoglusm of thesz cella was vory pales  .uclan
shows2d pyinosis, i wyorrhexas and karyolysis, :zocel ixile~
raci.a 58 the ngnasie parenchyne with few polyaos .13 wad 92...
Mild to woderaie inflassabory resction witi Jdegen..ttion a.d
necros.s of the lining squameus cells were the lesy as in

the tongu~. loderate degree of goblst cell hyserplasia was
pressav. [ocal ulczaration o tiue epitawlivg witn polypaole
phonuclazar and moadonuclear infiliration was observid ia tha
rugen. Abondasal nucosa was ogdenatous wiln neuais. ilic
infilirac.one 1:1d inflammavory ¢hanges were obsarv.d in tne
f.sosa 9Ff vae Jejunum and colon. There sas depleiiosn of
1lymphocyt 28 an the spleen and in the cortical and aracorta.-l
arcag of tne lyaph noaos. .iald follicaler dezener.tlon was

ohserv=g¢ i1n tne seleen., Gorainal cenlres were n.l woninoib
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ia tne felllcles of the lymph noaes. In the testis, moderste
dejoaeration of the spermatogonia aad presence of cosinophilic
material in the lunen of a few tubales were observeds. There
was lack of diafferentiation of tne spernatids. oejunerafioa
of the geriinal epithelium was present in the ovary of tae
femule animal. There was ~ideaing of the zona reticularis

of thz adr_onal. in the tiyrord, a Jew follicles were found
anlargaeds, Colload ap earsd normale [here was slo_at r.dection
in the naaber of acidopyhils of the patuitary. zaw icee
erythrocylos were observed in tne acini of the pansicas. Ly @
were moderacely congesteds ducosa of the uriaar; cladlier was

hydaraanic.

Iissuiz of the coacrol aniaals did nob 3nuy .y histolo-
gical les.ons
Jroup Iu

Amimals whicn received ocnratoxin at tne rate of one g /K,
body weight daily for a pcriod of 45 days, wonif.3id climic l
signs of toxacivy by the Jhird vecs of treataat, Geaepral
weakneg. and lotnargic disposition were noticed by this time.
Frogresscve emaciation was ooserved by tne sixXbh vock,
Clinical Pataology

Haemasology

Mean valuions are saosm in table 7, There J o ., L._cant



Heemogram - Grouy 11 ~ Meaa valuos

Table 7

Group Il A
Parsmetzrs ______ .€€£l°d of obse.vation (days) -_

Before «

exp. 1 2 7 14 21 . 35 42 45
Totgl erythracyt=s N »
(10 /m?) 15,94 12,50 12.45 12,35 11,90  11.73 10,90 3.10 9.00
Haemoglobin (g/dl) 820 B.20 7430 7403  6.30 6420 5.20° 4.80°  4.80"
Packed cell volame(,§)27.90 27.00 23,00 22.30 22,30 22430 18.00° 17.5)°  17.50%
Potal leukocytes
(1o3/mm3) 16065 15,30 1515 14435 14455 13400 13.50% 12,107 11,60% 11,60%
Heuwtroghil (¢) 34,50 34,50 81.00 47,00 54,22 55,0. 61.00 61.0) 61.30
Neutrophil absolute
count (103/xxm3) 575  5e34 60215 64931  T.B5%  Ta7I2F  T.69%  7.354% B.uuF  T.116%
Lymphocyte (&) 652,90 62450 56403 93,70 4500 42,00 41,50 38430 33.00  37.00
Lymphocyte absolute
count (10%/na’) 100751 9o587 8426  Tu359  6.551% 5,312% 5.615% 6167 4,656% 4.312%
Blood coagulation
time (man. 4e23 4423 4425 4425 La75 a5y 5400 Fe2h 3.25

{COMtdesevasa) s
O



Continued Lable 7.

Geoup 11 B
Japramet.rs — B ~oraod of obsurvaition —_—
Belol e
) exabe 1 ‘_2 7 MM 21_“ 25 35 42 45
Total erytacocytes
(10%/02) 15063 15.62 15.46 15.45 15.52  15.72  15.04  15.36  15.70 15.62
Ifae1oglooin (g/dl) Jadu 900 .00 32430 54D 220 9,20 PEON 3.00 9.00
Pacgsd cell voluze(n) 23.00 23.0° 23,03 23,30 23420  20.3. 23w 230 28.00 23.00
Tolol leuzocsies
(105/mm5) 15.60 1550 12620 15.00 13.50 1,.00 19.40  15.560  19.40 15,60
Neutrophil (4) 50030 42400 42403 42,03 +1.00 42400 3000 Lhad) 45,00 42,00
jeutrophil ansgoluse
count (15°/ar’) Boch 64532 6u384 6.5.2 54355  LasZ 5,565 6,864 6,95  6.52
Lyaphocyce ( 4) 3360) 58543 5%a0u 56801 58a30 23400 23493 534000 23400 55,30
Lyunphocyte abgsoluta
count (13°/aw) Gu0AB  9.045 Ba36  B4/36 FaG3  wedds 34329 8.215 462 3.580
B8lo2d coagulation )
Lame {iaine) 4453 LeoQ G430 H.3d 50O (78] + ot L e30 250 4450

* P < 0,05
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reduction 1n the numbar of eryinrocytes through the 42nd vo
45th day in the test aninalse [he haemoglobin concenvration
diminisned from the 218t day onwards. Ihis r.diaction was
gtatvistucally significant. Significant raduciion in pacsad
cell volume was oaserved afi-r five weeks. The ftotral leukow
cyte mmber was significantly reduced froa the 2ist to 45th
day. Insre was signlf:cant lncrease in the avs.lute neutro-
phil count and decrease in the absclute lymphocyte count afc.r
the first fortnight. .rytarocyte sedimentation race was not
alteread in tne experisental and control aninals. There was
increase in bloou coagulation tise from the initial 4.25
minutes to .25 minutes on the 42nd and 45th day.

Blood caemistry

ilean valuea are shown in table 8, Sigmif.cuat reduction
in total serua proveins was obsarved in the test animals froa
the 14th day onwards. The rise in blood urea mitrogen eon the
45th day and was significant statistically. Thore was
significant rise in icterus index oa the 45th da; in the test
aninals. The rise in AL? was significant. There was no
sigmificant alteration ian the level of ACk, The rise in 5.7
was not statistlcally sigmaficaate SGPL level was significamtly
raised on the 42nd and 45th day.



Table 8
Blood Chemigtry - Group 1I - .lewn values

Group IL A
Paramat 'rs cariod of obsorvation (days)
Before 5
axot. 24 h 2 7 4% 21 28 35 42 45
Total scorun
proteins (g/dl) 5430 5¢30 3420 4420 3.70 3450 3.50  3.30 2.80 2.0

Blood ur-a
nitrogen (mg/d1) 16680 16480 17.75 27.10 24.9% 31.8¢ 34.55* 35.50 37.40 33.30

Creatinine (mg/dl) 190 120 130 1.535 1.87 2eiy 2.6 342 3491 4403

Icterus index
(Icterus umts) 1e375 1375 1375 1.05 1,625 2420 2450 24525 2.52% 2,50+

Alkaline phosphatase )
(3eL.B. umits 4480 4.80 6,40 7.20 7.20 Teld 7.60%  9,00% 13,60%10.60%

Aclid Phosphatase )
(B.L.B, units) 0.30 0e525 04525 0455 065153 045 0.505 Q41 0,525 0.525

Glutamate oxalo-
ac tic transaninase

{Rel"s units) 67400  67.00 131,00 3100 ¢2.00  77.03  67.00  77.37 33.50 22.00
Glutamate pyruvic

transamninase

(tFounita) 2.00 2600 4,00 4003 4000 o) 5,02 6.03%  7.00* 7.,00%

(contdeesess)



Contdeess Table 3

Group iII B
Papranstors #uriod ef cbscrvatiocn

Before

expt. 24 n 2 7 14 21 . 28 35 &2 45
Total serum
proteins (g/d1) 5e50 5450  5.60 5450 530 5.3 3620 5430 5e50 5.50
Blood ures
nitrogen (mg/dl)  14.%0 14430 13,10 13.10 14440 14420 14430 14,30 13,10 4.0
Creatinine (mg/dl) 0.96 0.6 096 0625 3630 0ezd  Cods 0,98 0.36 0.36
Ictorus index
(Icterus units) 1e30  1.30 190 130 2,00 223 2433 2.52 2455 250
Alkaline phospha- -
ta8e {Selede UnLis) 5,00  5.30  5.30 3650 2.00 5,03 5459 5.00 3400 5600
Acid phosphatase .
(BuLe3. units) Q635 035 37T 37T 3,37 033 0a35 0435 Q35 0e55
Glatamate oxalo-
ac.tic transasinase ; .
(ReFa unirts) 55400 65,00 66430 65,00 03a00 33200 03400 6000 03edv 56402
CGlutamate pyruvic
transaninase
{3Feunits) 300 3.00 3400 2400 2eD0 300 2400 e dd EIe N 3.00

4B o 0,05

€



Urinalysis

Urine samples bacaae neutral by the fiflh weske Iraces
of bloou snd katone bodies were detect.d in one of the axiauls -
Greil A(2) on the fifth weeks 3:all amounts of balirudin
were obs.rved froa tne secord day onwardse Urine sawpl.s
of Crell A(1) were stromely posztaive for uroorlin.gen Iroa

the sec.d days.

1Microscophsal exaaination of urine sedinent revealed
pragence of moderase aumbers of orythrocyias, r.-ial eplthslial
cells and sguans s epitholial cells towards tas taraingl
8twuzas. Jolyworphonuclear leukocytes were presxat al the race
of 1 -~ 2/H? dariqg this periode. Granular and .ay.line casts
at tne gate of 1-2/d° alse were noclced by the £alth week of

exparinnte.
Patho-aatony
Autopsy findings

Aorbid changes were more pronounced in Gr.lTl A(2) taea
in GreiIl A(1) thougn the distribution of lssions was ideautical.
floderate gelatinisation of tne subcutaneous fat an. fes gub-
cutansous pstechiae were seen. About 10 ml of clcer serovus
£lurd was present in tne pericardium. Surface of liver was
aaderaiely pale and on gsectioning nad a cooked up appearaaca.

The renal capsule was slightly adhereant and cortox was
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diffusely pale, Reddisn luasar arcas we.e ouserved in taw

medalla of bobha LeGd-yo. Slaader couatarled slintly cloaay

yellowish urams

«ucosa of tae aponasum wasg noderately swolloa and sligitly
nypemeic. fucose of tne large intestines was asderately

nyperaaaics
disto=pathology

~pitheleal e¢2lls lining the reasal wvuoul=zs, particularly
thos: of the proximal coenvolutsd tuocules rav:iled nodarate
dopree of deg2eration witn necrosis of occasioll cells. »oac
of the tubules contained granular eosinoonilic acbris in tacar
lunen le some otnars were dilatod. PA3 positive matordal
was praesznt in the dasesuent menbranes and in tae lumen of
tuvules (Fig.2). In focal araas, the interstitial tissue of
tne tudules was distend=d with oasses of PA3 posative material.
Tn2ra was distortion of sone of the glomeruli. 1 few of taan
were snrunken wnile others ravealed hypercdlularity occupyin,
the entire capsular spacw. Jasenent asembrine of Lie glome.uls
Ja8 nmouerac=ly tnickenea witn presesnce of PA3 pos.tive malerial,
Jeeneration of the epitnalial cells lining son2 of the 307 wante
¢ ypsules and slight thickeninz of tne capsule were obasrvad,
Ine caosular g ace of several glomerall coatzain.d fLinaly
granular eosincphilic debri. In a Jew tubules tae epithelial
cells wzre pushed into the glomerular space simulatiag tubul.r
epithelial reflut.
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Figel. Kidney (Gr.I) = Degeneraiive asd necrotic changes
1in the lining epathceliun of the proximal convolubced
tubules. Desquaaation of c¢2lls tnto the lomcite
H& 4 x 25.

Fige2. Kidaey (GrelI) - Dilatation of the tubules aad
thickening of the baseicab membranc. Loss of brush
border in the cells of proximal corvoluwad tubulcs.
Vacuolar chanses in the epithelium of the glonerulis
granular deposat in the Souvaan'g capsule.

PAS 2 L’OO.

Fig.3s. Laver {Gr.1l) - Parcnchymabous degonesdsion
fatty change amdl necrosis of hepatocytes.
PA3 x 250,
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In the liver, most of tne hepatic cells were swollen
and had granular cytoplasm inlicating parenchymatous de.en-
eration {Fig.3). Fatty cnanges were mor: prominent in the
centrilosular hepatocytess Frank necrosis occurrad L{n some
of the hepatocytea at the periporial are«sS, 3251088 Si0U-
sordal engorgement, there was cealargeaent of tae s.coe of
Dagse in seviral locations, Avteapt:d biliary cp.thelial

proliferation was evidenta

In the ramea and reticulum, degenserabive chiiges ol toe
lizninz cpithelian sors obs.rved. dolerace degr : ol otadaae
was secrn in tne lawina proprias. uysemdmia and sabmucosal
o.Jena werce noticed in the agomasus. In tae disucnan,
Jedurnm and ileum necrosis of tne lining epithelial cells
and focal ernsionsg were observide 7There wes Severe infili-
ration of tne mucosg, and suomucosa wita lyaphord colls,
aacropaazes and few ueutrophils. Goblet cell ayp aplaszia and

suabserosal osq ma were prominent (Figes).

The salavary glands showed focal areasg of Jlegeascation
and necrosis of scrocing cells. ‘’loderats degerac of gliosis

was secen in the caraebellun,

in the lympn ned=s, no eelfinice geralnal coenbre for allon

was cbserved. Areas of lymphoid 21l deplobion Jas s.2a 1n
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the cortical and paracortical arsus of ls/mh nozes {Fig.5'.
Replacement of the lymohoid cells by reticaloead.tneliel e.lls
was observad in the cortical region, Oedenma 2hid focml areqas
of depletion of lyajhold cells were seen in the Layaus (#fiz.01.
ln the adrenal, moderate ny.erplasia of tne me. 1iory cells
w#as oba rved. UOtasr end crice gla.ns did adot ruveal any

lesion.

wegenerative ¢1ang 3 were go=n in the gorairwwl epithelion

of the seminiferous tubulese.

Group L11

Anizels Grel.I a{1) and Gr.iul A(2) whica we.e girven
ochraboxin ut tne race ui 0.3 mg/ke voay werznt for a p.ril
of 3% w oks dad not show tny cliniec.l siga of 111 ©s3 upto the
third month of exjeriaznk. Listleasasss, s3lo7 galt and di-a-
nished appetite ware sanifested auter this period. [Lhase

synpboms progrissaed auring the exXpuraimental »-rida.
Clinical Pabaology
Haemutology

Mean values are snown in toble 3 Sigudficant reduct.on
was onzerved in toval eryiarscyte couat, haemogloben, packed
cell voluae, total leukocyte count and absolate lymphocyte
count, Rise in assolute count of neutrophils was wot sigmaficant.
Ine increose an blood coagulation tiwa gas signlficant., The

erythrocyte gedimcitation race was not altoered.



Labie 9

Hazoogram - Geoup +IL = fzan velues

e 0

Sroup il A

———— - et

sy S et 0 o A i . g S0 A A AT s T 45 o 00

Paracd of CosloVaition \uays)

L T s )

Paranet rs

P S e 2 e o e S e 4 200 AP et Sy e g et A 4 s S i o 37 7 e

Before

CIOFE 4ud 28 35 ok 12 4 163 136 224

A L 0 o remacis o =m0t e b T 00 0 . o o e 0 e e
Total erythrooytes
(106/mmj) 16653 18425 13406 1034 10407 11,20 11,35% 11.13%  11.02%  10.58%

Haemoglobin {g/dl) Fe3d e300 201D 3e80 510 Tedu® B.50% 5420~ H.I0* 54404

Packed cell
volune (g} 21.60 2T¢00 2320 2240 23473 20003 24470 27420°¢ 20,33%  19.5J%

Totsl leukncyces
(103/mm3) 72493 124200 1241901213 712,130 12,00 114350 114330 114320 11,400

Neutro hil () 26400 48e30 93,50 48450 57.50 3633 33450 0/.0) 70403 72430

Absolute count 3 3
neuatropails (107/mm”) 3.333 5.2 Fe 519 34971 64021 64706 54303 T30 3425 3,143

Lysphocyte (4) 705D 43e32 42400 434590 H2,00 462403 44,50 32,50 27.02 27.03

Absolutc count 3 3
lymgaocytes (107 /mm”) ¢ 206 56.04 D0 353 34300 5124 2423 De2Dh 54862 5,207% 341304

Blood coagulation
tine B840 4400 4423 4450 1U.53 13.75  17425% 11.75% 12.59% 15,00+

{contdesaes)



(Concdesss fable 2)

Greoup IiI B

s s o et g s s . g S ol i 200 S s O e by 4 R Bt S st O

24ra et 13 e e 2200 _OF Obsarvatron (dags) -
Befors . = /

e eXpE, 425 50 % M2 Mo e 16 2
Iotgl CryLarocyties
(10 /mni) 16.18 15.34 16.21 15.24 10.29 15.35 16,12 16.21 16,02 16.11
Jdsemogloowin {g/dl) 370 9« B0 Fa79 el De72 .62 770 Ja 70 Fe2Jd 9.G63
sackaed gull
volume (g.) 3230 32453 32433 32613 21430 371.90 2200 35230 32602 32400
Tolal loukocytes
(107 /mn’) 120200 124120 12.250 12,050 12,702 1,400 124457 12,250 12,200 12.300
Neut:‘ophil ( t)) 47.03 435,00 le)d 44,53 "4‘?.0‘) L3403 43450 34430 4540) 45.00
Abzolute count i
neutro hils (103/mm3) 71971 5.45T 24333 3249 54063 LeldsO H.642 533 5.603 5.532
Lynphocyte () 5100 53200 23,30 5w ) 51400 2te.d 02,30 53,90 32.53 31,50
Absgolute couat ;
lymphoeytes (107 /pn”) 5365 Gudd Gu343 64012 Gul/7 Senh 54536 6.4 24277 5336
Blood coagulation
time 4.9 4d,uy B0 Bl 400 L, 4,02 4,00 bedd 4,00

T e JeUS

€S



59(1)

Figelo Ileum (Gr.II) - Goblet cell hyperplasla uvith
infilitracion of lymphoid cells, macropia,es and
neutrophils. H & & x 400.

Fig.5, Lymph node (Gr.II) = Depletion of lymphoid cells
in the cortical and paracorcical aeas.
i1 & & x 250,

Fig,6o Thymus (G‘roII) = Qedena, H o D x 400.
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Blood chemistry

Mean values are shosn in taole 10. The reauction in
total serum protsins was significant. There ras signific.at
rise in 3UN, creatinine amd leterus index. Axse in aL? and
3607 was highly sigmuficonte icid phosphatase livel rige

was sigmficunt. Altcration in SGPL was not s.nificant.

Uriaalysis

The pY of the urine was lowe.ed from 3 to 7 by the 11un
week of experiaunts. From the 28ta +oud ouwar.s tae reactionm
became acidic wita pi6h  Bilirubin apgearcd in the urine by
the 13th wee and taere was miderace asounts of 1t dn urine
throuznoat tne experanental jeriod. Jrosrlins, oo sas presaal
in traceg in the uring of both tost calamals fr. . tne 2Jta waek
onvardss Albumin was noticed by the 1stn wes. Corgeatratuion
of albanin increased froa the 23ta week to taz t.rainal stace
of expcriment in the test aniaalse Jrine sedinen.s revealad
preseace of ranal epithelial cells and transitional epithelial
ctlls from tae 22th week. Squanous epitnelial colls were
present in the urane througnout the experdimeatal periocd. Few

pus cells werz obsgerved froa tae 20th week.
Patho-anatoay

Autopsy fladings

The carcase was emaciated and subcutaneous fut was palce



Table 10

8lood Chemistry - Group LLL -~ (d.aa velues

aroup LI A

Beriod of ovs: vation (da/s)

Paransters -— ——— :
Before
exXpT, 14 28 56 34 112 140 168 1235 224
Total ascrum
proceins (\g/dl) {703 5.175 5050 4.55 /'4-40 %015 5.\30 3.50 3-10* 2030"
3lood urea
niirog.n {(mz/dl) 14420 16430 13472 23435 2025  23eI3% 23«93~ 324707 34450%  37.40%
Creatrnine ('ﬂg/dl) 0.905 0.915 0095 1.05 1.17 1.4U5k 1.33‘\ 1.871' 1.92” 1693*
Iclerus iaaex
(Lct.rus units Te35 145 1.46 1a43 TeD0 Te53 Te2 1.53 1.78 219"
Alkaline phospha-
tage \B.L.B.umts) 5625 5.65 6.9) 3.75 FeldD 3075 TJe st 12400 12.35" 13.65*
Acid phosohatasge
Falue3e UNMLTB) 6335 0455 0e635 D723 T30 Je Th e flo7 Qo737 Je'70% Je705%

Glutanate oxalo-
acecic transaminage
{ReFe units) 7565 11720

Glatamate pyruvic
transasinase
(. F. vnats)

2450 4,20 4402

5620 2430 500 7«20 4,50

151,00 15800 208,30 2434007 245433+ 203.30%273,00% 23 4,00%

Te50 550

(Contd. veose l)

L9



{Coutdeo» Table 13)

Growy fii 4

Paramzters ot ek 3 o e o e e B Sy e Se e Do e L e SR S
3efore :
L eX Dt 14 23 56 gi_~ 112 140 163 196 224

Total s-raa protcins

(g/dl) 6.4 6.25 6'35 6n35 soj) 6.4‘5 6.43 6055 60“45 6045
31l20d urea
nitrogen (mg/dl) 11.41 12.61 12¢65 12,15 1310 13,10 12,30 12.15 12.15 12.80
Creatim.ne

(ng/dl) 0.305 04215  J.92 Oedt JeF1l 3.1 Je S Q1 Jewi5 0.1
Icterus index

(Ictarus unais) 1.15 1.25 1.15 1.18 1.02 1400 1.02 1.02 1.10 1.03
Alkeline phospha~
bage (B.u..l.units) 4-75 4-75 4.90 J025 Bng,’ 5e25 )-40 502? SOOJ 5.65
Acid phoapaatuse

(3.':-.3' ‘J.l’li'CS," 0066 \).605 0064‘5 O-7o «).6\) 0-69 );66 0071 0362 O¢71
Glutapate oxalo-

ac.tic transami-~

nase (d.f.unics) T3.023 70430 713 T3.00 85400 15499 T7edl T7:0) 740 31,20
Glutamate >yruvic
transasrinase

27 U.I)._‘Lts) L’§-Q75 20 50 250 2.30 20 2450 3430 4400 2653 6400

29
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yellow with moderate gelatimisation. Suparficial lymph
nodes were slightly swollen. uLiver was enlarged and pale.
Gall bladd.r was distended with grecaish bile. osslven was
moderatzly shrunien. Ihe suriace of the siane/. aal cortical
parenchyma were diffusely pale. denal fat was ycllowssn aud
gelatinised, Ausen ucosa revealed lares Clricuascriosa
uleasrs of about 2 mm Jianetver with slignily ress.. bord.is.
The mucosa of tne apcsas.am and intestines was aouerately

hyperasgic.
Histo~patholazy

fhore wag d:agensration and necrosis of ho epitnelial
cella lindng tha progimal coavilated Tupales of the kidnay
and so a legser exc.nt in other -uejmentis. Huclotr chang.s
canprising of pyknosis, kacyorraszis snd karyol,sis wero
notigel in nany cellsze. Desguasated cells, hyallin costs
(Fige 7) and 243 pagstive globular bod.es were Ho3sent 11 30
lumen. Soma of taz colleeting btubules gera dill.id and
contaraed gragular casts (Figs 3). Jegacatiin aad £ocal
nearasys of the eadolnelium and epatwlida of vna glonorall
could be gean. Tnere wdas thaczening of t1e oase wnt membr.ie
aad accagulavion wo fiovdin in oetween the cagillory 1loops.
ltoderate thickenming occurred in the basgement acmbrane of the

subulag also (Fige.9)e.

Some of the zlomerull were snrunien. wosinoshilic
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Fige7. Kidnoy (Gr.Ili) - Degewerative chanses in vhe
epithelium of the tubules some of vhich
contaun cellular dobri. I & o %X 250.

Fig.B. Kidney (Gr.IiI) = Dilatation of tubules.
Demaded eprthelium and hyaline oodies in vhe
tubulese o L X 250,

Flz«S. Kidney (Gr.III) - Thickeaing of bascascab
membrone.  Loss of brush bordor of the eplinciun
of pruwximal convoluted tubules. 7Necneration
of cells in the glomeruli. PA3 x 250,






&4

fibrinous mataeraal was ovssrvad an the capsular space of the
Bosman's capsal:ze Ine cassular membranse was thicken:d and

dezeny atlon of apithelial cells could se observad.

In tae laver, fatey chaajes of a fow "Mepacocyics wers
seen an tne portal &g :d. 3013t of the cells wWare 10Crotic.
deplaceaznt nodule fornaTion wads 0.33I'VeQ LN 012 T0CL.

Jd21d biliaecy epathelial proliferasion was saen.

Uls.re wers pres:at ip the rumen aucosa. [aese ulcess
Jere iafiltraved with mondowmcleaar cells (FizaTJ's Vaguolat-
ion of epillicliuam lindnz {the villi of incestiaes wag obs.rveld.
dumcrous eosinophilic granules were seen in tac glandular
gpithelium of the inieetines. 1oderate deplesion of lymphold
cells was dsun in tae spl2en and lymph node. ieddlla was

oudematous in s0ae lyapa nodas.

Iatrageriton=al sdministration of toxine.

wroup 1V

The tost anlmal Gr..V a which rescuvec ocarctoxain at

~

tae rate ol 2.0 ag/4g bouy wseszht was vis.nly L1l Trou tn:
second day oawaras. APPETILe WAS POOD &3 [HOV.ULSNLS were
staggeriugs Jy the fourth day il #as complasel, LFf fo.d

and proscrate and was sacrificed.
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Clinical Patnology
Haenatology

fagaecilogical values ace zanown in table 11. 4 mort2’

rxduction in the auab.r of ecytarocy.es was ouvs rvod.

“here w#ug rediction in tne valaes for haemoglobin, pac. 4
cell volume and total lsukocytess. [Lhere was risc in the
relat.ve and ansolute count of asutrophils on tuc sccond ana
fourtn day. lark-a redustion ln the relative znd aonsolute
count of lymphocytes ~us obs.rved on the bhira a.d fourun
days w..rle dlocu coagalation tiae was fouand incr.ased. The

values of tie coazrol amimal remsined Jitiin necaadl reages.

Blood Cneunlstry

“he valacs &ce given in taele 12, There vas & reduction
14 the lcvel of scrun procelne Jderum crestimine and icterus
indueg werc found iacrezzed. fhe levels of alr, Aur,y 03I

aad Jull increaged duriag tne exverimental nHoeraod.
rleematolo,lcal values and biochemical valuas of HYlood were

witnain normal raazes in the coatrol aniual.

Uranalysis

slogevate o high concenlration of procean s decected

in the urine oa the second and third day. 3Silirubin and bloxd



Table 1
Haemogram -~ Group IV - dean values

Group IV A —— group IVB _
Paramsters feraod of obsarvation (days) e
Before Jofore
expt.e 2 3 & 2Xphe 1 2 3 q
Total eryghro-
cytes (10 /mmB) 16693 16430 164,23 10450 12411 1252 12402 1242 12445 12450
Haemoglobin
(g/dl) .20 9420 9,00 8¢ 3400 a3 900 T 2400 9.00
Packed cell
volagne (\)) 25.0\) 25600 23.0) 2203 22603 23 0 23;3\) 23623 236320 2300
Total leukocytes
(105/mnj) 16690 13450 15,50 11.565 11530 11.600 11.300 11.000 11.600 11,500
Neutrophil (%) 36400 36430 45,00 52,00 53400 32040 38430 37.30  33.00 35400
Neutrophil absoluce
count\1u)/mm3) 5084 34330 6375 5.058 6L 3712 G484 4,292  95.280 44029
Lympaocyle () 5942) 52,00 32,00 46.32 12,09 61402 1,03 92,00 SheO 52492
w/aphocyte absolute
count (10°/ar’) 9.371 3,060 8.060 5.355 44600 7.656 74198 7.132 74130 T.130
Bload eoagulation
time (min.) 5«0 bedd 10,00 11.00 1240 2000 2eJJ Feu 2e0 ) 50D
* P < Q.05



raple 12

Blood Chemisiry = Group LV - Mean values

Group IV A Group LV d
Paraneters Period of observation (days) —
Before = Safore
expt. 1 2 3 4 axat. 1 2 3 4

Total serum pro-

teins (g/d1) 7650  T.50 5.20 5.00  3.30 5.60 5.50 5.50 5660 5460
Blood urca altrogen

(mg/d1) 15030 15«30 20,07 23457 30463 12.03 12.00 12.40 12440 12.00
Creatinine (mg/dl) 0.98 2,96 1,00 1.25 1,25 1.00 1,00 0.30 Je38 Je93
Iocturus {ndex

\Ictwrus units) 100 1,00 280 532 3,82 1.0 1,20 1,30 125 1.20
aAlkaline phosphatase

Beloede UILL'CS) 4.6 5e0U 6.70 1940 11.30 4.50 5400 5400 4459 4e50
ACid phossnatase

(3eLeBe uUnNLTS) 000 D63 0,20 2625 D617 257 0.35 040 Qel4d 0.37
dlutanate oxaloacetic

transaminase

{ReFo units) 5500 72600 112,00 363,00 332,00 72.30 T74.00 69,00 73,00 73.00
Glutanace pyruvic
transaninase

(roFe uniis) 2,00 207 5,00 7,02 10.00 3.00  3.00  3.00 5400 3,30

* P o 0405

19
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were present in small gquantities. dAlcroacopical exzaination
of scdiment revealed preosence of a fsw erythrocyw s, renal
eprthelial celis and squamous epitnslial calls. yaline om
gramalar casts were pres at froa bne thirg day, TFas naad 03
of neutrophils and vraasitional epitielial ¢clls aloo wors

present.
Patho~anatomy
Autopsy findlags

Carcasv wag emaciated with geletinwsabion of tne subtu-
taseous fat. JSuocutansous tisane was slighily ictcric. About
20 ml of pale yellow flukd #ag present 1n the crilonetl cuavilty.
Omentua and mesentery were moderatwly celdemzbous aad vcsegals
congested, OSurface of laver was pale and socasional araas
of eccnymoses and petecilas Werz Suuids CLoPSlchyils JA5 J0LTe
Gall blacder was dasvendeu waitn bile. There Wosn addwsrwle
enlargancal of both Kadneys. oSurface of Kadazys «od dlfzus.ly
pales Cub surfacus revealed pale areas alleruavdng #ita rod
streaks, Taere was gelasuuisation and icceras of (ae rodwl
fav, Urin«ary oladder coatained syarse aaount ol durk yallor
urrne. Abomasal mucosa was swollen and hypeccit.C. .lusesa
of the large inteatine was modurately aypeazuic. No gross

lesions were ouserved in the coanvrol aani.uale
Higto-pataology

tilcroscopacal changes weres prominent in fac Lissass of
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the test animal. In the kKidney, cloudy swellin; and vacuoler
degeneration of tne proximal convoluted tubular epithelial
colls wers promneat lesioas. fresence of desquamated cells
and granuiay casus ia the lumsn of these tubules and those

of the collecting tubules was noticed, Several of the tubules
ware devoid of thair lising euithel.al cells cad were found
distended, Hyaline bodles wers present in the 1la.ea of

soae of tiese tuoculcs., OJvgeneration aad focal ..:crosig of

the cpitheliun of tne idemle's loop and disbtul couvolated
tubulcs were observed. Several of bthe glomorila were shrunten
(Fige11)e wosinophilic granular saterizals wo.e present in
the Bosman's capsule. There was thicz.nmig] o ¢ .« wascaad
pambrane of tae tucules and glomeruli. Ffrae esythrocytas,
sone of thea ia the prouess of nemolysis, wore proeseat in the
luaen or bubules and Lnr toe antorstifeal tugsaa.,  laecaors-

nages were saverc in she asceading limns aad coliccting tuvales.
= ng 2 %4

Moderate fatty cnanze wis present in the n¢avic cells
of the portal ar:zase. There was degenceration a@ frank
necrosis of centralopular hepacocytes and nucluar changes
like pyknosis, Xaryorrnexis and karyolysis wece sroninent.
Some of the cells were in mitotic division. sallory bodies
were present in a few liver cells, Dilatation of the sima-
solids and presence of lakes of blood in these ar:as was

obsarved. when tne reticulum staining vsas siployed disrustion
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Fige10s Rumen (Gr.III) - Ulceration. Denudation of
epithelial linlng and Infiltration vith
mononuclear cellse i & O x 250,

Fige11. Kidney (Gr.iV) = Shrunken glomerulus.
Degeneration of tuoular epithelium and
hyaline casts in lubules. H & L x 400,

Fige12. Piturbary (Gr.iV) - Degencretion of
ac.dophils. H & & x 400,
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and collapse of the raticulsy a=tsork in focsl 228§ coald
be noticzd. Bile stasis and a mld de_res of bil. dactular

Jroliferetion v.re the obnzr cnang -3 in luiv r.

Degencrative cnanzes were present in the 1lidng cells
of the pruaen epitneliums Few small ulcers wer. oS rvad.
aboadsal mugosa was hyperemic anu oadenatous. Hjrereala
and mla 2pitielial dezeneration vwere observa. i1 tie nucosa
of small inbtestines and colon. incr.ased gobl A 221l

ACTLVLGY WAas obsorved in the colon.

in the lygph aodes, there was loss of follicilap
arcalc=cture wita deplibion of lymphoid cells in Che corticial
and paracortical ar.as and replacemeat with reticaloendo=-
taelial cellg. 3Saevere ocedema was se¢en in the .aod dla, vedeaa
axd deplel.on of lymphoid cells were proaineat in Thne tnymus
also.

lyperplas.ic nodules were present in the Gdi .nal cori.x.
some Ou Tne acidopails of tane pliultary showed rranular

Qegonevalion (Fige12)e«

in the overy, degeneracion and necrogis of large numb.r
of granalisa cella end neutrophilic infiltration of Lhe

slrons wer2 ohserved,

Groap V

This group rucalvea ocnrato an at the ra.e oL one g/ xg
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body weight. The anintals becans slaghtly inactive and
appeared listless from the second daye. These climical
signs of illnegs became 3ligatly more severe by the fourtn

daya
Clinical Patholozy
rlaematology

Haematological values are shown in table 13. Signi-
ficant reduction in tne total erythrocyte counl #as nsticed
in one of the vest aninals. rReduction in the hacmoglobin
concentration was significant only in one aninal., slignt
reduction in packed cell wolume and total leugocyve was
noticed, Reduction in the avsolute lymphocyte count occurrad
on the second day. o alt.ration was observea ia the ery-

throcyte sedimestation ratz and blood coagulation tiue,
Blood cnemistry

Mean values are shown in table 14, The reduction in
total serua proteins was significant in one of ths test
anirxals. There was & significent rise in blood urea nitroz.n
and creatinine levels. There was a rise in icui.rug index.
There was increase in the levels of serum ALP, ALP, GOU

and GPT,

Urinalysaia

The reaction of urine becaae acidic by the second day.



Table 13
Haecmogram - uroup V ~ Mean values

Group V_A Group V I
Parasebors Period of obaervation (cays)
3efore Before
expt. 1 2 3 CXOTe 1 2 3

otal erythrocytes
10 /mnB) 17.09 14415 14433 ¢ 146034 14,175 13.72 14,085 13,975
asmoglobin {g/dl) 8.10 Te3D 7o TO% .52 3650 J50 9459 .50
acked cull volume
) 27.00 27.00 26,70 26,70 Z3.00 29,00 29.00 22.00
otal leukocytes
10° Jan®) 1340 13,55 12,254 12.300% 11,400 91.30  11.50  11.40
eutrophil (4) 36450 44,00 45,33 44,00 30450 41.00 39,50 38,00
eutrophil absolute
ount (10°/am) 44963 6,172 5.6025 54495 6,152 4.832  4.5395 44362
yaphocyte 4 62450 55452 52632 53430 51.50 57.02 59,00 50.C3
yaphocyte absolute
ount (10°/ma°) 84297 T.425  6.352 6.436 7,020 6.779  6.788  6.90h
lood cosgulation
ime (min.) 5400 4.5) Fe53 5.00 +e50 4.50 5400 4450

*p < 0,05

2L



Table 14
Bleod Chemistry - Group V - ilean Values

Group VA Group V 3
Qlaraastiers —_ — Period of obacrvation (days)
Before Before
— ex%dte 1___ 2 E__ 2Xphe 1 2 3
Jotal serum .
rotelins (g/dl) 5.-'{50 535 535 5430 5055 56 50 550 5.55
3lood urea nilrogen
.mg/dl) 12430 200 HF 24432~ 24430+ 1130 12|3U 12420 11320
ireatinine (mg/dl)  1.00 bo5G* 1.60¢ 1.60% 0.33 Q33 0.% Q.98
Icterus index N )
(Icterus units) 1,40 1436% 312 3453 1.30 1422 1430 1.25
Alkalilne phospnuabase )
(34 LeBe units) 550 Ted5"~ Tel3¥ Se 0¥ 2405 5,00 525 5600
Acid phosohatase
{ 3elusde units) Q.41 1e23 te7C 205 335 Js35 03.335 0e375
Glutanate oxaluvacatic
Lransamnase o
(HeFe units) 13450 0T eI 185.30 205.50% 73s00 G380 &§7.00 70,00
Glutamate pyruvic
transeaninase
{Aefs anitcs) 5,39 3. 50% Be U T eQO® 2e20 245 2450 230

P < 0,05
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Iraces of protein appeared oy this time. Ir ces of biliruoim,
blood and ketone were ooserved in the urins of Tae test animals
duringz tne third and fourth day. dJrainary sediment showed,
geray mumbasrs of renal epitnelial cells and sramular casts

Zrom the second day omwards.
racho~-a.atony.
~uvapsy findiazs

Lessons were obgervod in tae liver, kidneys and gasuro-
intestinal macosa. Dhere was 3light hepatomegal; and pallor
of the liv-r parenchyma. Section<d hepatic tissue nad a cooked
up appearanca.  Gall bladder was partially disler.ded with
yellowlisa green nale, B3oth kidneys were slightly swollen.
tenal cortex was moderately pale and amedullary vessels enzorgede.
Urinary pladder coitained sparse amouat of dark yallow uriae.
Gastric and inccstinal mucosa gere moderavely hy )CREQ@LGe
Perirenal and suocutaneous fat appeared gelatinous. Aboul
20 ml ol pale yellow fluid was jresent in the puritoneal
cavity., Omcntun and mesentery were moderately ocdemetous and

vessels congested,
Hisvo-pathology

Lezeneration, necrosis and desquamation of the epithelial
c2lls of a large namber of proximal convolutbud tusules were

proninent (Fige13). foc.l tubular atronny and destruction
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leading to dilatation was obscrved in a few sectionss These
cysts weie filled with casts and ¢ellular depri. 3evoral ol
the tubules coitained deeply eosinophilic homozrcasous 54DsL 1CE.
Yaryisg degiee of parenchymatous degeneration and vacuolar
cnargas wore present focally in the collccting wusalas of tao
medulla, Jes of vae epithelial cells of the jloweruli had
undurgona vacuolar changes (Fig.14). These gloscrali apoearzd
to occupy the entire cajsular ssace shile a £ ol.acrs were
atrophied, Iloderate thickeanlng of tae 3ovawa's calsulz was

seens. Jhe cajgsular space bensath the membrage contajiu. cuil

dabri «ad finely granular naterial,

In the liv.r, fatty changes occurred in scatiered hemto-
cytes while most other cells suxfered parencnym-cous degene-
ration. Fow aepauccycss were necrotic. Central veins were

moderately con,esteds 4ild oiliary proliferation was evidoat,

focal ulcer formation cccurred in the rumen of oae of
tne aninals. There was degeneration and focal nocrosis of tas
gucosa of th2 abosdsua. Submucosal oedema was noliced., kocal
vacuolar degenaratiou, uecrosis and erosions were ooserved in
the lining mucosa of small antestines and colon. These areas
saowed modcrase infiltration of mononuclear cells, In focal
areas, collsction of lymphoid cells in groups was observed. Ine

necrotic epithelium together with the inflammatory exudate
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farmed dightheritic membrone over tne mucoesa in & few places.
Goblat cell ayperplasia was mcderate in the colon. Jecrosis
and desquamation of the glandvlar epithelium were seen in soae
sectlons of intesuines. Focal destruction of tho epitueliud

of the villi wes noticed.

dell defined lyaphoid follicles were aaseab an the lymph
noie. Osdena of the mzaulla and depletion of 1 mpaoid 52118
in the cortical and parucortical arcas were slen. wepletion
of lyaphoid c¢ells in tne snhlkenic corpuseles vas & prominent
lesione [idenins of the zona fasciculava was the change ooscrved
in tne zdrenals. 4 few follicles of the thyrord were devold
of the collo.d. Inere were focal areas of hyporplasia of the
eprtnelial c21ls, wWegensration of acidophila in focal areas
wag obscrvad in tae pituitary., Degeneration and desquamation
of sealnifeorous eoitaoeliun was secn in few tubulas of the
tastis.

ilacroscopical and microscoplc«l lesrong wore apsent in tne
controls.
Group VI
Clinrcal ratnology

Test amimala in tnis group w=re gaven ochrucoxin at tae
rate of 0.5 mg/kg body welght by intraperitoncal route. Ilacy
were found slaghtly indisposed with poor appatite frou secoad

day. Lihe aminals were saecrificed on the fourta daye
'x'
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Jaesnatology

The mean valuzs are saown in table 15. 3Slight reduction
in the numbar of total erythrocytes was noticed on tne traird
day. Tne hasmoglopin concenlration was signif.cantly reducad
in the test animalse. Signif.cant reduction in the packea ¢2ll
volume was observed on tne fourta daye. leduction in the tolal
white cell count was not sigmficantse The assolute couni of
lymphocytes was lo~seredes There wes no signi-.c wit alter.tion
in the blood coagulation time and erythrocyte i2’'inentation
rate dur.ag the exlerimental period in the f257 :.aaals, 1.0-
amatolozical values for the coatrol aanimal rerianzd viv in noriwl

ranze throughout the perioa of experiasnl,
Blood chemistry

The meaa valaes are shown in table 16, .o sigmaficorit
alt.rotion was obs rved in the t:tal scran procein concencration
in any of tne aninals. There was an increase in Bu.Jd and bload
criaatinine lavels on the final day. The altoeration sas not
statistically asignificant. The elevation of Al lavel was
sigmificant. The alteration obssrved in acid phiosohatase 1 vel
was not significant. GOl level in serum was vlovaved froa tac
secoad dday onsurdse A rise in glatamate pyruv.c lransaninise
level in serum wWas observed on tihe second day. Thase altar.tions

in enzyae levels were not signii.cant.



Table 15
Hagnatolozy = Group VI - Mean values

e EOUR LA Gpoup VI B __ __ —
Paraneters -..____-_________4-“-_-_.13.9.1.2-9@ of observubiog (dayé)._.._..

Before Jefore

expte 1 2 3 4 exot. 1 2 3 4
Eotgl erythrocybes
10%/mar”) 13,485 13.23 12481 11.6)  11.83 12,52 12,62 1242 12,49  12.56
laemoglobin (g£/dl) 10.20 10.10 272 Fe K Je IO¥ Jadd Fe00 Yl 9.22 Fa20
‘ac’ted c¢ell volume
. 2170 23.30 23450 23453 23.40%  33,1) 23,20 23490 23.60 2343
fotal leukocytas
.103/mm;} 124200 12.25 10,030 106350 10,450 11,50 11,20 11.50 11.50 11,00
Jeutrophil () 35.00 37450 4,00 46450 46400 22T0 38,00 37432 53700 38400
Veutrophil aosoluce
sount (19°/un’) Ba261 44552 44603  4a312  4a808% o712 4,484 4e292  4a255  3.350
Jsyaphocy b2 (5 5300 6u.0) 34400 52620 2253 Soedu 6100 62,00 62400 51.00
uymphacytf abgolate
sount (19°/aa°) Te335 Te35 34429 53057 5,436% 7,536 7.198 T.1¥2  T.130 6,710
3locd coagulation
-ina 50 4,50 4450 457 4,60 4e5D “te DI 4450 4.50 %e 50

* P < Veldo

el



Iable 16
Blood Cheawstry - uroup VI - iean values

_______ 0ap VEB e e 3020 YT 3 -
Par wacters _.._...._.._...-_.......u.....,._*:-.I;‘}.Qg -0.1.*9325‘3“5‘:210’1 i\.@é&’é’ et e et s o e -
Jefore = 3agorc
2 P A Y 2 :
Total zerua prol:xins
(g/dl) 9e35 5420 2415 515 5e20 5.8 5.50 3450 5e6 5.60
Blood urzae niirog=n
Lmg /A1) 11097 12450 14400 12e3s 196835 1200 12400 12,40 12,03 12403

Creatiaine {lﬂ\g/dl) 0.3 TeOu 1.60 1.60 1460 1,00 JL-OO Je 30 Je G 0.98

Ict.rais index
(IC‘ 2ras \A.ﬂits) 1.10 1.10 1c25 1.10 100 1.30 120 1030 1.25 1025

Algaline phosohdbage
(jc.Lln e uAllJLo) 5.50 5.0’3 7-05 7.50‘ 7025* 1"-50 5000 5.0) 4.40 4.50

Acld phosohairasz
(Belede arrta) 0.36 D.41 1.40 140 1.10  0.37 0.35 0.40 Q.40 0.40

Glutamace oxalo-
acetic transami-m=se

(keFe umits) 65450 73400 107490 107,00 102:50 72,00  7hedd 6360 72.00 72,00
Glutuaate pyravic

transaminase

{lef un..s) 2:50 3,00 4.30 3.3 300 3.0 2400 3.00 3400 3.00

* 2L 0008
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Urinalysis

The pH of urine was lowered from 2 to 5 in Lae vost
aninals. ZIraces of bilirubin and uronilinogen w.oc noticed
on the third day., Ss=dim nt revealed moderace numpsr of
squamous epitnelial c¢ells, few traasitional epithulial cells
and stray renal epitnelial cells, Urine samplos of the

control did not show any pathological altratlon.

Fatho=anatoay
Autopsy findin;s

Sligat and diffuse pallor of the hepavic par achyma was
noticed. Gallesladder w#as partially filled witn ;reenlsh
yellow, mayderat.ly viscous bilee Juriaces of boia tua ys
¥ re modarataely pal-., Ligias red streags and gpois were prasent
in fvcal areas in tae cort.x and izdulla, Urlaar; bladder
contal1ed mracrase wnounk of yellow urine. Hose stowacns
were partially disconded with foude Abonasal aad aiat.stinal

mucosa Were oxdenatous and moderciely ayoeraeaice
‘1isto~pathology

Histological les.ions were limited amostly to tae epathelial
cells lining the proxiual coavolated tubules and wvo a l2as.r
extant in otaor parts of the tuoulcse Soae of tnxge cells

werae enlarg:a and coatalnced granular eosinophilic muterial
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in their cytoplasm. JSeveral tubular lining cel.is had loso
fneir orush bord.r. Jucleur conaensation was obscrved in
some. Gronular deori and & fow rounded and lesgguemated cells
dere pras.at Ln a few tuoul:us. Stray calls of tn: .lenle's
1loop aad dastal convoluted tubul:s raevezled reirozrosg.ive
chang._-s. lodoerase coagzstion of capillari.s aad venules

wag scen ia the cortex and nedalla. Jareacnyacious degen-
-rasion of hepatocytes in scavtared foca was eviuent. Hild
dzgree of bile ductular proliferation .ould be noticed.
dypemomia of vegsels was oos.rvey 1n the asonasum and saall

inw:stii.se The lamina projria and suomucosa saviid oedoend,

Histological leaioas were not evidont wn tus tasgsue of

the conurol animal,.

Intravenods Adminigtration of Toxine

Groap Vil
Animals recewved ochratoxia at bthe rav: of 2.0 mng/4g
body waighte They oscame viry weak and wore sacrificed ia
exteranis at 24 nr post admimsgtration,
Clinical Pathology
Haematolo,y
Aean values ars sniydn in table 17. Sligat reduction ia

erythr xcyte count,haemoglobin concentration and tot.l leukocyle



Table 17

Haemogram -~ Group VII - lean valaes

rarameters

Group JIl &

Jroup Vil B

Poriaod of obsgervation

e i
Total erytnrocytes (106/nm3) 13.685 11.24 14,50 14,20
dacamoeglobia (g/dl) 8.30 7Tels0 BeDJ BeQu
Pacxed cell volume () 24.50 235ed0 27439 25,80
Total leukocytes (10°/mm®) 154300 124500 15,59 15,400
Neutrophil {(»)} 25450 33430 3300 33600
Heutroshil - aosolute
count (137 /at) 54542 8425 54733 7.20
Lyaphocyte (5) 76.00 33.00 569,00 5300
Lymphocyte - aosolute couat
(107 faa?) 12,002 54313 94300 9,036
3lood coagulation time (min.) 4425 5407 400 4,00

* P o« 0.05

ce
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count was observed. ¢hile the absolute count for neutrophils
ghowed an increase, the lymphocyte count was sz2z2a decreased.
No alteration was noticed in the erythrocyte sadimentarion

rate or blood coagulation tiae.

Blood chenisivy

Mean values are gaven in table 18. There was a reduction
in the conceuntration of total serun proteins by tne 24th hour.
& rise ain blood urca level and icterus index was noticed
durrag tne f£iial stage. 3Slight elevation in creatinine level
occurred by the 24th hour. There was aarked rise in the lsvel

of serua ALy, 432, GUT aad GPL lovel i1a the @3t anisals.

Urinalysas

The pi was low.red froa 9 to 6 at 24 hr post administe-
ration., urine samples were pogstive for protuoi, bilirubin
and urobrlinozen. 3Sedinent showed erytarocytes, rcenal
eplitielial c2llg, squamous epitaelial cells andt Zroamalar casts.
Few numbers of transitional eplthelial cells and nwubtropa:ls
also were gecne. Jabnological changea ware nNot 0JIS5.IVsd i

the urine of conbrol cnimals.
ratho=anacoany
Autopsy findings

Petechliae and ecchyaoges were present in Lie sapcutaneous



Table 18
Blood Chenistry - Group VII - lcan values

Group VLI A Group Vii 03
D, s
Paraget rs Period of o:s;rvazisn {days)
Before . Beforo
__expt, 24 h exgbs 2 h

Total serua proterns (g/4Ll) 5e 40 S 53 5430 5¢30
Blood ur=a mitrogen (mg/dl) 13.50 21,59 1370 13.10C
Creatinine (ag/dl) 1.10 145 1620 1.00
[eterus index (lcterus index) 1.975 34075 190 1.95
Alkaline phosphatase
(BeLede units) 4635 20,50 4453 5,03
Acid phoaspnabuase ( selsd.
unlts) 0.47 3.8[4' Je35 Q.37
Glutamate oxoleacctic
transaminase (l.F. anlis) 65450 442400 70400 70409
Glutamate pyruvic
transaminase (.F. units) 8,00 15452 5400 3,00
Lactic dehydrogenase
{Ceds unarts) 174450 303.50 200,00 20030

¥ P < 0405
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tlssue on the ventral aspecc of the aduoen, aresk.t, flands
and on wae liver surface, About 100 al of clewr, pale fluwd
was pregscat in the abdoninal cavity. Liver was moderately
enlarzed and pale. ledacic parencayna was sofil wnd oily.
nlaneys were acacrat:ly swollen aad pale. Aoacraie quaatity
of darlt yellow urias Jas xes-ab . the urigary niaddar.
~00 aas8al mucosa was hyjerenic and owlawdacouse icllowisa fluid
conte 1TSS J2re Jresent Ln vas luacn of sadll incestinese son-
teata ol caecus, coloa and rectua were semisslic. .ugosa of

int-gtines was modera.ely hyperaemic and osesuatvous. [here

was no wmorbid change in tne carcase of the o ntrol.

zlsTo~pdunolsay

Leslons in tae kidneys involved mainly the tubales and
gloaerali, vegencrat.on and necrosis of tae epithelial cells
wery obsirved in a large nuaber of proximal convolubad tudul.z.
Simi lar cnanges also were noviced in soae of the rdei1le's lpops,
dicval convoluted tubules and collecting tubul.s. Cellulaer
debsa and casts were presant in some of tae tubal.s. Vacuao-
latlon and swelling of tne endotqaelium and eplt wlliam of many
glomarull were obssrved (Fige15)s, TFhese gloazruli apeared
to f£ill tne capauler space. In some obhers proucinaceous
aav-erials and cellular dzbris ware present in the cajpsular

3pace. Lanlng epithelial ¢ells of the Bowman's cassule revealed
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degeneration and aecrosis. Degenerated and desquanated

epithelial cells were observed in the ducts of Swllent.

Changes in the livir were amainly necrotic ia nature.
Few cells around the cenctral veins only were po2sirved.
Parencaymalous de_2neratioa and fatoy caanges were oas.rved
in scne of the paraceatral hepatocyses. In oin.r areas,
eosinophilic granuleraty of the cytoplasm and dispersion of
the nuclai were evicant. Jyknosis, karyorrhexis amd
karyolysias of nuclel were all v ry prominent (Fiz.1v,17)-
Hyaline atruciures surrounded by a nalo wore s.:=1 in some
cells. The reticulum fremework was fouad disrapled in maay
places and collapsed. 3inusoids were dilaced and the space

of Disse cedenatous.

Lymphold cells in the lymph nodes and sploon pevealed
varsing dagress of necrotic cnanges, 4ild vacaolur changes
W&-oa deen in scatoered cpithellal cells liain, ©:e papillae
of ruaen &£nd reticulum. Abomasal nucosa was nallrately
hypewamice. :11ld de_enerative chau,es Jore sz-a 1a the epliio-

l.al c2lls of the invegtinal aucosa,

Vacuolar dejenerwtoon and nocrosas occur. «d in so=e
of the aciner epitnelial c¢ells of The pancr: as. 3 nerativs
changes were pregsent in the adrenal modulla ana cclls of Zona

fasciculata.
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tiistological lesions were not present in the organs

of the control.
Group Viil

The goats which received ocnravoxin 1/v at the rate of
one mz/kg body weizht showed severe anoroexia, incoordination

and depression during the experimental peried of one wook.
Clinical Pathology
raeqat ology

Mean values are ghown in table 19. wneduction an eryta-
rocyte count was noticed but this was not sigml.cantly
different from that of the control. Values for acmoglooirn,
pacxed cell voluame, total leukocytes amnd aosoluve lymghacytue
counts showed a reduction during the exoeraimental jeriod.
An increas> in blood coajulation tizne amd agsolute count &

neutrophils was noticed on tho thard day.

Bloxl chemistry

Mean values are given in table 20, Total serum proteirs
was f£ound reduced, There was elevarion in values Ior blood uraes
ni.rogen, creavtinine aad icterus indexs The altceracions in

biocaenical parameters were signaficant stabiscically.

There was rise in the levels of serun alP, 3JI auxd J4770.

The incr-:ase in g:rum enzyme l:vels in the test aiinals w.s



Table 19
AB8CROATwR - Jrowp VIII - oo

valacs

Parameters

uroup VI1I A

Group VILI B

——— = By 9 % e ALt 78 2o 558 H 59 A A o S e

P e

-t

(10%/an’)

(103 fmz®)

time { aiv

e T oried ot ods.rvation (days) o

Before 1 2 3 Jgfgre 1 2 3

2L, . —— espt,
Total erythrocytes

10.612 16030 T4e 7 1582 15.42 15.42 1900 12.20
Heemoglohin (g/dl) 10.10 1000 G, 20 84504 Je30 Je80 350 3,800
Packed cell volume
{5 37300 3300 2353 25470 280 23400 23,00 23.20
Total leikocytes

12.20 11.60 10.90 1\-‘.600 12060 1209\) 12.50 12.60
Neutrophill (/5) 26450 31450 47400 50450 41,00 40,00 45.30 42,00
Neutropnil absolube

.4
count (10°/ar) 3,219 3,310 5,120 Je343% 50166 24160 54625 9,232
Lymphocy te (4) 63e00 6730 51452 23eQJ 33600 200U 54402 57403
Lymhocyte absolulbe
count (10°/am’) 3.273 74333 5013 3.6U6% 7308 Te224  6.750  7.132
Blood coagulation X
i%u 4475 5400 6.3 el 24450 500 4,50 re 50

* P o< 2403



Table 20
dlood Chenlstry - Group VILI

o
[JEaNe3

valass

Group VILI A

o Ao mn v ——— R A o ok

Period o observutros (days) __

Sroup VILL B

e o 8 e e Sl

Paranebors =0 sw;cccoscmmmmeeemmssiesmm e e s e e R e S o A e o i a4 i e et sttt o e
3efore 1 2 3 Jefore 1 2 %

— - ———— 8T — ELRED
Total scerunm proteins _
(gral) Sed)  4.35 3.59 3e50% 3,30 5430 5.20 3430
Blood ures nivcogen
(mg/a1) 1100 12432 26,30%  20400% 12030 12.00 13,10 12.50
Creatinine {mg/d1) 1.02 1.04 1.52 telg® Q.9 0.96 Oe9s 3. 36
Icterus l.dex
{icterus unuts) 1,175 2.00 3405 BPS N L 140 1.40 1.36 1.40
Alialine phosphatase )
(dewmeBs units 5,75 3.6 12.25%  14,.70% 4407 £e50 4450 4,50
Acid phosphatase
(B.L.Be uniis) Qet25 1,01 20 32% 27" Qele7 0.40 D45 040
Glutamate oxaloacatic
transaminage }
(it Fs units) 65.00 110.02 153.00% 135,02 50a 2 60,00 62.00 62.30
Glatamale pyruvie
transaainase
(R.F. unics) 2.50  5.53 2.00% 10, 0% 2433 2400 2.30 2,00

AP o 0.05

(3]



significant statistically.
Urinalysis

e reactisn of urains turned acidic on the second day
ef crezataent. Urane samples co.bained low levels of protela
from tae second aay, Moderate amount of bilirikn and slight
quantity of blood were prascent on the second anxi third day.
dacrosconical examinstion of urine sedizent roveuled presonce
of moderate aambers of erythrocytes, sguamous epithelial

cells, cenal apltacliazl cells and granular CasitS.
Patho-anatomny
Autopsy findings

Carcases of both the test wnimals sere eusciated and
there was gelatinuesavrion of suacutaneocus fat, _etichice and
ecchymoti¢ patches were present an the suboutis of the brisket
and sghouldzars. Liver was pale, friable and had subcapsular
naenorrhages. Gall bladd.r was modersisly oceden. tous and
distended #1tn yellowisn green biles. <Lidneys were modoralsly
angorgaed and congestel. Sparse asount of yelluw urine was
present in t.ae urlnary bladder. Hucosa of tne abomasum, small

intestines and colon was moderacely aypememic and oadowacods.
Histo=pathology

In the kidney, large number of proxamal convoluted

tubules revealed degenerated epitheliums Lhe brasa gord.ss
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were blurred in mosc ceges a.d were aosont in oth.rze Sone
of the esithelial :==21ls desjuaiated iave tns tubulac lumnens
dyaline bodics werz preges in & lew tuoulose Sone of the
lining epithelial c3lla hai 20s.a0philic, granular cytoplasa,
pyknotic muclei aw rustured cell membranas. DJejoresative
changes were also evidaat in a few epitnelial colls of the
collecting tubules aud rienle's loope dJdranularicy of ¢, o=
plasa and geccasional vacaolation were seen In the endothelium
and epitaslium of the glomeruli. Thne glomarular tutis in
many ceses @ppear~l to Jse enlarsed occupying the agguire capsulur

apace, Collapse of a fow glonsrali couwla e geen,

In the livir, moot of the hepatocytes had underrone
parenchyaaious degensration. Fatty changes were observed
in « fow asgalogytes of the periportal area. Sinegoidal
JALOr e3¢t Al u2crotic changes of a :ew hevdtoc/u.8 in
the paradeniical area were the other cnanges observed. 1114

degree of bile duct proliferation waa evidunt.

Jacuolatiocn of a faw «sithelisl colls lainiar tae
2a0111lae of ruven awgd res.cal.m Wwas Observeds N33 of
aboaasug aad investines wes moderac.ly hyosremive ocal
arcas of epathelial damare with wild d.gr2e of mom nueloar

cell iafiltration were szon o the ilouz and Jepovm.  tase
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organs and tissuss did not reveal any hisctologicsl lesion
of sagarficance.
Group 1Y

Anainals whicn received ochratoxin at tae race of Q5 mg/
kg body weight did not show any aarked clinical symptoms
except slight weakness on the day next to the cdminisirauioeg
of toxine Thare was also reduction in fwed intage for the
first two days aft -r toxin administration. The animals reasin.d
weak and listless upto the seventh day when tooy were
sacrificed. Ine control did not show clinical w.igns of ill-
NesSe
Clinical Pathology
lHaematology

iMean valueg are shown i1n tadle 21, 3lignt redaction in
the valuzsg for total erybthrocyves and hasmoglobin was noticed
en tae 7th day which was found to be significant. Tae raeductica
in pac<ed ¢ell volume in tne test group was not sr nificant.
There was a reduction in total leukocytes and arsolule

lymphaocyte valuz2s while the total neutropnll numb.r increasnd.

There was no alteration in the erythrocyte sedamentation
rate. Slignt incredse in blood coagulation twime Jus noticed

from the second day in the test animals.

Blood cremistry

Mean values are shown in taole 22. 3Slight poduction in



Tahle 21
Haematology = Group f£ - dcan values

Group L{ A I — Group IX B

Paran stors veriod of observation (days)

Before Before
expte 1 2 2 7 ex it e 1 2 3 7

Total erythrocyies
(10°%/ ) 16450 16,10  14.35% 14.45% 14,80% 12,52 12.25 12.00 12.50 12,60

Haemoglobin (g/dl) 4 Je30 Fe 30 9.‘&0* o 0% 5.8\)* Fedd 3.60 9.60 J.30 .80

Packed cell voluune
%) 30,10 23,70 23432 2300 23,03 24220 28400 27.60 27.60 2740

Total leukocytes

(103/mm3) 12435 11.15%  11.55%  11.52%¢ 11.50% 12,22 11,30 11.00 12.20 12,00

Neutrophil % 32.00 34,500 8400 43452 51450 20,00 23.00 33,90 33497 4J.00

Neutrophil absolute

count (103/mm3) 3,219 3,810  5.120F 5.,343% 5,022 50106 5.160 9.625 5.232 4.800

Lyaphocyte (%) 65.00 63.00  Sh.us  Bhed. 52.50 29,00 23.04 33.00 38,00 40,00

Lyaochocyte absolute

coart (10°/mn”) 3,273 7.333  5.610%  LJB0GT 5,300 7308 7.224 6,750  7.182  4.300

Blood coagulation

time (min.) 4.52 4.50 5402 26257 3200 4.50 4450 4430 4450 4450
* 2 = Q.05

13



Taple 22

Blood Caenistry ~ Group L4 - lican v.lues

Group I{ A — Group IX B
Parametars —_— . 2ariod of observat.on (days)
Before = Before

e expts 24 h 2 3 7 eX Dt 24 2 3 74
Total serum protcins
B8lood ur2a anitro.en
(mg/d1) 1240 13400 1245 22,454 23.35% 11.20 1310 12,80 12,30 11.20
Creatinine (M/dl) 1.335 1.035 1.2.‘,4' Te2h0 1'33 Du% O.% 0.95 0-95 O.%
Icterus index
{Icterus unics) 1630 1.60 1.90 190 120 1aud 140 1.43 1.40 1.40
Algaline phospnatase
(3.]4.3' uniis 4.5) 6.33 3.35* 9.33(‘ 2125 5.50 5.5\.) 5480 5e3D 5050
Acid phosjyhatase
{3aLeBe anits) Q47 Qe/2 177 177 1625 Je3/7 047 Q.54 Do ols D48
Glutaaate oxaloacutic
itransaminase
(ReFs unitcs) 7800 143400 226.50%226.551117.00 60,00 62,00 62,00 62.00 62.00
Glutamale pyruvic
transaninage
(P wrnics) 5400 5630 10.00% 10.00% 7.50 300 3.0, 3.00 300 3.00

2 < 0.05

YE
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the total scrua proceins «as ooserved in tae L st animals.
The blood cr:atinine lev:l wes found increased. The ery-
throcyte sedimentation rave was not altared, Taere vas sig-
n.ficant rise in seruam sLyY level while it was found tiat

the rase in AC? level was not sigmficant,

The lavels of 530Tand SGPI were found increas.d from ine

gecond day.
Urinalysis

fne alkaline urine turned neutral to acidic by bhe 24ta
hour of exgserimant and traces of protoin, bilirubin and uro-~
bilinogen apseared froam this period oawards in ine test aniacla.
Hicroscoprcal exdaination of urine sediment rovecled presencs
of a faov erytirocys@s, renal epitanelial cells and hyaline
casgtsg.

Patho-anatoay

Autopsy finuings

There was slight enlargaaent and softness of the livaer,
The gall bladucr was pertially distended witn groenish yellou
bille. ourface of the kKidneys were moderaicly pale. Few red
wlrcans were present on the cut surface of the cortex aad
medulla. HModecate amount of urine was preseat in the urinaery
bladders Sevaere hyperemia and ovdema of the aboaasal and

intestinal mucosa were ohserved.
Histo-patnology

1414 degenerative chang:s were observed ia the epithel.al
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cells of theproximal convoluted tubules of kidasy. Soame

of these cells had lost their brush border. The cpltaelial
cells were svollen waith granular eosinophilic cstoplasme

Fea tubules contained eosinopnilic gramuler material in tnuly
lusen. Changes sere not observed in other parvs of the
neshron. Yild degeneratlve chanzes were prosent in the
periportal hepatocytes. Occasionally vacuoler changes were
szen in tonese cells. Congostion »f vessel. an! vodema wers

gesn in the mucosa of abozasam and intoestin.se

Synerzistic effoct of ocaratoxan aad afloto-in,

Group £

This group was givea ocaratoxin at the rz . of one ag/k3
body weizht and aflatoxia at the ra.2 of 9.5 nz/kg body weigil
by lntraper.tonezl ianjecrion., The animals pecaue visibly ill
by the end of the fuirst duye T[They went off-foud, appearcd
weak and tne gall was stagzcring. 3y the second dey they
coula not stend up and vd4s completely prostrate and were sacri-

Ficed 48 nrs post adalnistracion of toxan.
Clinical fatnology
Haematology

Mean values are given in table 23. Modere.c redaction
in erytarocyte count, pac<ed cell volume and narpoglobln

concentiration was observede.



Table 23

daemogria = Group £ = Hean Values

Group £
Paraneters Period of ohservatiol {days)
Before expl. 1. 2
Totul eryturacyles
(10%/aa”) 18.00 12.22 10.30
Haemozlobin {(g/dl} .70 325 7480°
Packed call voluie (%) 23.40 2500 21.00%
Total leukocytes
(10°/ar) 12,402 13,075 12.350%
Neutrophil { 3) 31.00 3709 38.00
Neutrophil absolute
count (107 /mn’) 2.872 4,353 4,571
Lympnocyte (%) 63450 62,04 61.00
Lyaphocyte abs lute
count (107/ma’) 3.362 04795 04753
Blood coagulation time
Mmin. } 5400 2753 Je25%

* P < 0,05
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There was a sigaificant rise in the apsslu.e count of
neutrophils while tnere 4as marhked redsction in & ¢ lympic-
eyte absolute count. In addition, vhe blood cocjulation

time was «lso incrcasced.
Blood c.emisiry

Maan values are shown in taple 24, Imere Was & sli bl
radagtion in conczatrasion of cotal s~ruwm prol.oras aa an
incs wse in blood uren mrtrogen and creaviniae l.vels. There
vag mer 3d Lficraase in 1c.ecus 1idex durs o, tas meziod of
observatinie Group { was olzaficantly dueffereatl J:on otaer

ZroUdSs

Tne luvels 3L s:raa 2zyaes, Al , w2, GT any T were

founu eleva.ed,

Urinalysis

Tne pewction of urine turned acidic wiih pH6 by bthe
24tn noar - i 3.25 oa tne asecoxd day. Traces .0 moacrata
arouat of protern was denected from the 24ta nour. Silirubin,
urobilino_en axd blood were pressat in aoderaco guantlwies
on the scco.ad aay. wLeroscopicdl examiawtioa of Jarine sedlmlnd
on tac first 2ad s.cond day ceveuleu prese e of moderate
aunbers of erythrocytes, renal enthelial cells, squinods
ep.tnelial cells and a few treasictional enaviclrod cells,

hyaline and granular easts.



Table 24
Blood Chemistry - Group X -~ Mean valuoes

Group .. e e

Parancters e Period of ongorveblol (days)
— Jefore aexot. U - T
Total serum
protelas (g/dl) 545 4,30 4e25
Blood uri« nlorogen
{2g/d1) 13.10 36.45 42,504 #
Creatznine (mg/dl) 1ol 1e 3.12%
Ieteras index
(lctorus unktis) 1.35 8.83 1L.80
Alkaline phosphatase
{Jelede unils) 5.0 20.00 nJe5a*
4cad phoaspnatase
(B-L-B. U.nit) 0136 2424 3019
Glutemate oxaloac::tic
Lransaminase (Resounits)71. 00 254072 410400
Glutamate pyruvic
transaminase
(teFe units) 3.30 6450 24450%

€6
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Patho=-anatony
Autopsy fiadings

Gross pathological lesions were more propouaced in
Gr.% (1) in comparison to Gr. X(2). Changas were siailar
in nature and only differed in sever.ty. soth tie animals
ware enaciatzd. Icteric discolouration and gelatinisation
of subcutan2ous fab were prominent lesions. Pstechiae amd
ecchymoses were present in the subcutis of the neck, brisket,
axilla, flanks and ventral abdomen. About 20 ml of slightls
icteric clear fluld was present in the pariceraius. Similar
extravasation was observed also in the peritoencal cavaity,
Liver waa mederately enlarged, pale and extremly fraable.
Petechise and ecchymoses were presant all over the surface;
mere on the dorsal surface. Parenchyma when cut revealed
pale araz with red centres and streaks, Greamusan yellow
viscid bile was noticed in the gall bladd:rs .Jall of the
gall blaad.r was gwollan. The spleon was sligholy engorgsd.
Both the kidneys were swollen and congested. Lincear areas
of pallor were obgerved in the cortex 4and medulla. tlucosa
of abomesunm aad intestines was moderat.ly hyjusorice.
Moderate amount of yellowish, mucus and mixcd scaisolid

macecial yas present in the lumen oo intestines.

Histo=pathololy

In the kidney some of tane glomeruli wors found ghrunceis



| FOI<1

Many glomeruli had 2A3 positive material present among the
capillary loops (Fig.18)« The capsular membrane was thick-
ened. Lining epithelial cells were degenerated, necrosed
and desquamated, Masses of eosinophilic deonri wvere secn in
the capsular space. Aalmost all the proximal coavoluted
tubules revealed evidence of severs damage. There was loss
of brush border, vacuolation of lining epithelial cells
and necrogis of majority of the cells. uJranuler casts,
eosinophilic debri and a few erythrocytes were pres:nt in
the lumen of tnese tubules. Haemorrhages occurred iln the
interstitial space. Degenarative and necrotic changes ware
found in the tubules along with areas of haemorrhage (<£1g.13).
Epithelial cells lining the Henle's loop wers vacuolated
and some of them necrotic. PAS positive globulor material
was pregent in the lumen. A few cells of the distal conve-
luted tubules and collecting tubules revealed varying
degree of degasneration and necrosis. Massive hasmorrhages

were obgerved ia the medulla.

In the liver, severe and ex.ensive n«oros.s of hepatoe
cytes were prominsnt (Fig.20). Oaly a few cells around tne
central veins in some focli esceped the demage. Large
numbar of degenerated hepatocytes contained fat droplets.
Central veilns were engorged with blood and haemorrhages waere
seen in the paerenchyma. ©Nuclear changss like pyknosis,
karyorrhexia and karyolysis were prominent in large numbar
of hepatocytes. Fragments of chromatin material were seen

lying in the destroyed parenchyma. Some of the hepatocytes
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Pigel1Je Kidney (Gr.X) - Degeneracive ch.nes in the
tubular epibheliug, cellulur debrl and hyolin
structures in the lumen, H & E x 250.

Fige20. Laver (Gr.X) ~ txieasive degenevavive aad
- X

necgrobtic chaugus in hepatocytes. H & 400,

Fige.21. Adrenal (Gr.X)} - Degensraiive chaa,es of
cells in the medulla, I & L x 250.
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contained iallory bodies., .oderate biliary hyperplagia was
present.

Sevace redaction of lymphoid cells was obsarved in the
corticael and paracortical arsas of lymph nodes. Ine numoar
of folliol:s was few and reticulosendothelaial hyperplasie was
evident. }edulla showed oedemavous chaages. Uepletion of
lymphoid cells was also seen in the spleen and thymus.
Vecuolar cnanges were obaserved in the cells of the superfi-
cial epithelial lay.r of rumen and reticulum. Jongestion of
vesgels and moderate oedema of lamina propria wore tne lesions
in the acomasum. In the intestines, the cells af the mucosa
gshowed focal de.eneration and denudation foralng erosions.

The lumen of the intestine revsaled the desquanated epithelial
colla. Goolet cell ayperplasia and nononuclear infiltration
of tne mucosa anxd lamina propria were also obgerv.:ds Depletion

of lymphoid cells was observed in tae Payer's pabchiss.

In the adrenals, degeneration and necrosis of cells in
the medulla wece prominent lesions (Fig.21). 3ome of these
cells desquamated lnto the lumen. Haemorrhages also were
obscrved in the medulla and in some aresas of the Zona fascie
culata. In one animal hyperplasti¢ nodules were praesent in

the cortex. 3light cedema wag observed in the pituitary.

In the tnyroird, epithelial cells lining many of the
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follicles were degeneraced and tnese cells desquanated
into the luxen. Only few of the follicles contzaned
colloid, Focal collections of basophilic granules were
found in the interstitial space, Focal degeneration and
neerosis of the acinar cells ware seen in the pancr Qs
(Frg.22). Ihe spitaeliun of the ductular membrane showed

degeneration and deaquamation.
Aflatoxin conirols
Group XI

The animals whicn #sore guven crystalline aflacoxin
by tae latrapccitonzal rouve ab the rate of J¢3 mz/lig body
werght becane sligabtly iaactive and listless on tas second
daye

Clinical Pathology

deemstology

Hzan valass are saswn in table 25. Inere was slight
redaction un tac valaes of the total erythrocytie, haemoglobin
concentration and packed cell woluma. [Lhe total laukccyte
nuaber and the ahsolute neutrephlilic and lymphocytic counts
shosed 3light iner:a3se. The blood coagulation tiae was also

increassds

Blood chemistry
Mean values are shown in table 26. Sligat reduction in



Table 25
Haemogram « Group XI - Jdean values

Group LI
Parau.t .18 Period of obgecvation
sefore expt. 1 2
Total erytaroeytes
(10%/ma’) 12.55 12.52 11,83
Haemoyglobin (g/41) 9.32 3,70 3450
Pac<ad cell volume () 26450 25,9) 2680
Total leukocytes
(10°/ax”) 15.150 16,800 16.000
Neutrophil (%) 43,50 45,00 45,00
Neutrophll abaolute
count (10> /ux’) 6.583 74560 7.200%
Lymphooyse (3) 54.50 53 5u 53400
Lyaphooyte absolute
count (10°/az) 80253 8.955 8,480
Blood coagulation time
(mino ) “4-75 4-75 7'50

* P o<l 0.0%

oL



Table 26

Blood Chemistry - Group Al - Mean values

Group {1
Paranct_rs Period of ohs.rvation (days)
Bafore expte 1 2

Total serum protains {z/dl) 4,90 475 4.60
Blood urea nicrogea {(mg/dl) 1210 (IS 15435
Creatinine (mg/dl) 0495 0493 0432
Icterus index (Icterus units) 1.78 183 2.00
Alkalinc phospnatase (Jel.Beunits) 4455 530 5.35
Acid phosphatas: (B.L.3. units) 0.65 1.50 1.825
Glutamate oxaloacetic
transaminase (R.F. units) 65450 1030 275.00
Glutamate pyruvic transaminase
(R.Fe units 2.00 5400 7.50

GoL
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serum protein level occurred. An increagse in blood uread
nitrogen level and icterus index was observed while creaw-
tanine valizs showed a marginael increase. Thore was

elevation of serum ALP, ACP, GUI and GPT valuzs,

Urinalysis

The pH was lowered from 9 to 8. Patholu_ical conw
stituents were not detectad in the urane, Ilcroscopical
axamlination of scdiment revealed oaly few sguampus eprthe-

1lial cells.,
fatnro-anatony
Autopsy fandings

There was slaght enlargement of liver; the hepatic
parenchyms had a dull appearaace aad was slightly friaole.
Focal areag of pallor was cgbserved on the surface of the
kidneys. Abomasal mucosa was moderat:ly hyperaemic, do

other gross lasioas were detectad.
Histo~pathology

digtoloszical lesions were obs:rved meinly in the liviy
and kidney., Cloudy swelling and fatty change occurred in
8 few hepatocytes in the centr.lopular lxcation. There was
widening of tne sinusolds aud necrasis of occasional
hepactocytes (Fig.23). In tne kidney, degencration of tubular

epitheliua wus observeds 3ome of the cells desquanaved



Fig.22, Pancreas (Gr.X) - Parcnchymatous degeneoravion
of acinar cells. H & E x 400.

Fige23. Liver (Gr.XI) - pegeneration and nocros.s of
hepatocytes. H & U x 253.

Fig.24, Xadney (Gr,XII) - Parenchymatous degenar vhion
of iuoular epithelium and swolling of glonsrulus,
H4& Ex 250,
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into the lumen of the tubules. Vacuolation of the glomsrular
apitneliun also was observea in & few focie. Lon,ustion of
vessels and occasional haemorrhages i1 tne ant.reditisl tissuc
could be 3seen. ongorgewsnt of vessels were odsesved in the
abounasal mucosa. Moderate aegree of lymphoid depletion wWus

evidaat in the spleen.

Ochratoxin controls and negetive controls
uroup LI

Gre XII A(1) and Gr.xII & (2) were employasd to stu.; the
effect of intraperitoneal adammistracrion of ocaravoxin at bhe
rate of one mg/xg body wei_nt for the oonservation puricd of
two days. Group X1I B formed the negalive coatrel., The
aainals given ocaratoxin becane inaccive and dull. appotite

Wwas poors
Clinical Patnology
Haeqatology

Mean valuzs are shown in table 27, o 3s1iasflicant
reduction occurred in the total erythrocyte count during the
period of obasarvation. The congensraition of nasmoglobin

and pacsed eell volume was alightly decreased.

only slight increase in muaber was observed in tae total

leukocyte count during the period of experiment., There was



Table 27
Haemogram = Group XII - ilean values

Group XII A

Group X1 B

Poriod of observation (days)

Parameters
Before_gxpt. 3 2 Before expt. 1 2

Total erythrocytes
) a8, W 14416 16,06 15.75  15.9
Haemoglobin (g/dl) 8.83 8,70 8.10 3.00 8.90 9.10
Packed cell volume(A) 23.50 2340 2750 23«0 29.00 29,00
Total leukocytes
(105/mm3) 144303 144500 15530 144800 144950 T+4900
Heutrophil (4) 40,00 45450 31.00 57450 5750 33.00
Nautrcphi} absolule
count (10° 4 wa”) 5,760 6.630  T.k25 50585 54725 5,651
Lymphoosyte (%) 51400 52450 45602 51,00 62400 62400
Lymphocyte apsolute
count {(10° £ ma) 34250 7.575 62135 9,023 94300 9.249
Blood coagulation
time (mine.) 4eT75 4475 475 be75 4e75 4e75

801
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a yige in abgoluboe couat o7 aeatrojhils whilo the lynoeyso
avaolute couds anoved decreascd valucg. No d terabtion Jos
observed 42 bleod coomiavion tiie and opythrocy.C sodliilicatlen

PQule
BLox cnonisuery

Mean valuaes are saod1 ln tuble 23, fuere was 20 L=
fizant altecation in gorun ro.oenge An bagrease in Ja lovel
oyl cr.oaciawnac lovels voes obgsorvad La ac $est groups 0
alboratiol cccarrad im on2 concrols. Only sl.o ht wolasbioa of
Loeorus Lodox Jag ohgesved L S teagt anamals. Tooro Jag o lige
il 1@ valacs of s.ram ALP, ASP anl 30T, Thouzi a tra wient
el _vation occusred in JOPT by tie 24th hour, tne lsvel Joclid

1o the pgreé-cx..riacatal value oy tae geco d day,

Bar grophs depictinz the comparatuve valaoes of AwPy GOL,
GPT, icterus index, 3UN aad croatinine in groups X, »l O XL

are presc.cod dn fisn. o8 3) - 44,
Uranalysis

The alkalane urine turnsd acutzel by thoe 24th Lowr ia
the case of Gr.XIi A{1) Jhile it pecame acidic by thus tima
in the case of GreXil A(2). FIroces of provoan, bilirdbin w«od

urabilinozen wore oosorved., A fow roual epithelial colls, syualows



Table 28

Blood Chemistry = Group XII - dean valuas

Group XI1I A Group XIIL B
Paremoters Period of observation (da/s)

Before sxpte 1 2 _ Before exyce 1 2
Totael s:ruam proteins
(g/d1) 5450 545 5.20 535 2635 535
Blood urea nitrogen
(mg/dl) 11.30 21450 22440 12,00 12.20 12.00
Creatinine (mg/dl) 0.29 1456 150 0.397 0.97 0497
Icterus index
(Icteras units) 1.35 1.50 2.05 1425 1.25 1420
Alkaline phosphatase
(BoLoBc units 5450 T35 Telt5 4055 4445 ‘!1055
Acid phosphatase
{BeLeBy units) 0.36 1.23 1.73 Q.41 0385 Q.40
Glutamate oxaloacetic
transaninase (R.F. units) 69.00 105.0) 177.93 66400  65.00 66450
Glutamate pyruvic
transaninasge
(ReFe units) 250 5650 2.30 2452 3400 2450

otL
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epithalial cella and hyaline casts were present. Stray
numbars 2f neutrophlls anl transitional epithol_al cells

algo ware obsarvad.
Patho~anatomy
Autopsy findings

Gross lesions wore confinedto liver, sidncy ane gastro-
intestinal mcosa. 3lightly swollen liver and alsgtended
gall bledder wita slizatl, cedemnatouas wall wo.e s82ne. [he
surface and sectioned arzas of renal corticel paronza,ma
shoved focal areas of pallor. The zmucosa of aboaasum and

saall intestinzs was noderabely M,perasmnicC.
Histo=pathology

Mlcroscopical altsrabions in the gidnzy wo ¢ qainly
coafinad to tne proxiaial coavoluted Tubules viougn alnor
changas were ooserved ia other partsg °f the nepwon and
glomeruli. Loss of brush border, granalariuy and vacaolat-
ion of epizhelial celis linmang the prodmal convolutad
tubules were scei. Some of tne cells desquaazse daco the
tubular lunen (Fas.24). Hyaline droplsts were onscrved in
the luuen of few tubulesg. Parench,matous daginwravion was
obsarved in some epitnelial cells of the Henle's loop.
Vacaoler degencration was observed in the spit..clial cells

of & few glomeruli. 3Some of the glomeruli exhibited hypor-
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cellularity and occupied the entire capsular space. Jon-
gestion and szall naemorrhages were present in the medulla.
Parenchymatous degeneration of hepatocyses in focal arcas
was onserved in the sections of liver. A fuw .2lls around
the ceniral veins in some foci showed fatty de cueration.
joderate congestion of hepatic vessels and necrosis of

hepatocytes in scatteraed areas were s2éil.

M1ld degenerative chaunges were ooserved i the lining
gpithelial cellg of the raman and reticulum, 3lood vessels
of the abomasunm were congested and mucosa moderacely oade~
matous. Vacuolar changes of tha lining epitnclium of the
villi were seen in tne aucosa of the small intesiines. rhe

blood vessels were congested.

Pathologarcal alterations were not noticed in tne

negavave controls.
Ultrastruetural changes

Group VII
Kidneys

ixtenslive necrobiotio changes were discernsad in the
cells of the differeat parts of the nephron aml the renal
corpuscles The changes were intenge, more especially in

the proximal conveluted tubule.
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The epitnelial cells of the proximal convoluated tubulus
exhibited v.aying degree of changes, many of them wath excon-
sive orzaneller disorientation and destruction (Fig.25). lhe
microvilli which were long and regularly arrasged in thne
noraal cells beca e disoriented and disruptew or apseared
fugad. whale they nad only m.nimal changes af fragmentatlion
in somo locations, in others tiey were complelcly lost and
the cells appear.:d deaudad, The apical canaliculi wera
found to oe numerous in some cslls. In the apical cytoplasa,
vacuoles which were clear and of varying aizes Jere nociced;
some of tnem contauining electroniucent maserial and/or
electron dense myelinoid bodies. Mitochondria whica were
concentrated towards the basal portion of tae cull showed
complete loss of morphological identity or nad only mild
degree of dilgsorgenizetion. There were diverse variations
of form and internal structurs. Increase in the mitochond-
rial matrix density witn complete loss of cristae were saen
in ¢cells showin, advaiced picture of cell damagre Irregu=
larly shaped floccular densities were seen in mitochondrial
natrix. In some cells tnore was a modsest increise in the
aize of the mitochoandria and dilution of matrix. Ihe
crigtaz, hovsever, apieared displaced to the perijphery and
shoxsed varying degree of disoriencation, shortening and
rediction in numocers (Fig.25). Ian soae, the aaurix was

homogenous while in others there were multiple electron~
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Fig.26. Mitochondria in the epithelisl cells of tho
PCT, There s swelling of the muerix and
varyl g degree of disorreacation of cristaoe
wibh loss of inbramicochondrial gromalos.
A myelinoid structuce is seen within the macrax.
X 1,00,000.
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lucent fools Frang c.vitatisn o8 alsc Bs2hbe  J02343 A0
the mitochondrial ~ limiting RLRUTLOE F-2G S.0. IS LR tue
The iatra“mitochosdrial dense graad.ed Bad Qig. i datud i
/ANy C8Bes. <raasfirastion and inwargorebiva Vo dasse 3
aitochondris fnve orLolysosonza ware goulle 100 SUOS28L,4
ware fadicated Dy the preswrnia or dowuse laal c... 1 O
whorl!ad saabranes and lysoscaal bodles Conbuue: wyelia
figures (Figed7s 3equostration of mliocho:ario Jglch a0
witn.ab th.r organslles was alss notideds - .wa.lavad wib
LaeEe chzages versing graiss of dalatavion, Fscf.ratotioa
sewd 403853282071 ofF sndoplasaie retisculal add S0C L red.
Bup.ctares of the Jolgx ¢omplow had aad.ogon. L ItrTlode

A Low Lres Pribosduass ware found Irés i tae gyeaddasme Ino
bagaach. wembienzs of taese cells #ith advans s .rgansllar
cudnzen snowad logs of hoaogeneity «nd Lfregice..tions Tac
inteasity of nucl ar énangesd 8129dd greab Vwr..iioile I
some the saclear 2orphslozy Jead compireusly .07 L5008 Wes LD
oat ap.tarance whlle in ofnurs @urowacan ¢luasing, radistiy-
bution of the grandiar ana fiordliar gaapensn.s; auclaslar
Iragaentation and dasrusiion &f nacloar aamer .k g ware

obsaryad.
Ths organellar chenge® S#0f id W2 anitarlial .ells
Of oth<r paris of the nepnven ware Quelit «wively siailar o

those in Ltae epitielial gslls of tae proxinal conwolusad



Fige 27

} i-!h‘ ..)

Portion oL two adjacent epithelial colls

of the proximal convoluted tuoule. Ffhers is
exvensive organellar destruction. Numcrous

vacuoles (V), lysososes (L) seca. Cytolyso-
some with myelinoid structure (MB).

X 30,000.
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Fig. 23,

18 14)

Jpithelial cells of distal convoluted
tubule, The cells appear wasaed out.
Maitochondria () show varying grades of
strustural alteration. Nucleus showing
partial chromatin dissolution. £ 15,000.
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Fig.28 A.

11a(i1i)

wpithelial cells in the loop of Henle showing
danaged mitochondria (i) and wvacuoles (V).
Cell junctions sacy loss of structurdl
cohesion. X 27,000,
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tubulez but were less severe in inceansity. In the distal
convoluted tubules the elaborately compartaentallized infold-
ings of the hasal membrane with deep incursions inte the
cytoplasm could still be seen in many cells whilc some
others had a partially wasned up epparance Jiia retantion
of granular electron dense material in the natrix and a

feyw mitochondrige which depicved bizzare morpheluzic pavlberns
of disorganized membrases and cristae (Fig.23). Lysosoacs

and dense bodies were ss=en in large nuasers{Fig.28 A).

The cells of the loop of Hdenle composad of the straight
portion of the proximal wubule, descending limb of Henle
and ascending thin limb showed identical chanzza but of
lesaer inuensivy (Figs. 29, 30). Losa of atructural cohe-
sion of the cell Junctions was noticed. Atveauated or
altercd desmogsomes were quite common. Jetails ~f intepre
cellular gap were lac-ing but the filamencts converging upon
the plagues were st{ill present in some while in otaers only

some cybtoplasmic fuzz was disoerned,

In the glomerulus, the nucleus of the podossses were
intsct except for moderate chromati¢n cluaping (Iige31).
There was some aaount of disaggregation of ribosoames froa

endo plasmic reticulum., Fragmentation and destruction of



115(8)

Fige.23., Hanle's loop ~ Spithelial cells showlng luss of
cytoarchitecture, tlitocaondria (m) shos loss of
cristas. DBaseaont membrane intact even though
lnvercellular junctions are abtenuacved,

X 25,000,
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115(44)

EBpithelial cells of asceading limb of Jonle
showing exiensive allerationg in mitochondria,.
Nucleus (N) show chromztin clumping aml
dlssolution. lirtochondria (4) sho: severe
damages. Bascment membrane intoct. X 13,000,






Fig 31

115(1i1)

Glomerular rogion showing mesangial cells aad
podocytes (F) with foot proccsses, The
cytoplasa of podocyves appear honogencsous
wibh loss of geructural datails. Chronalsin
clumplng in nacleuse Mesangiun chod numarous
vacuolar (V) structures. X 153,000.
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filaments and microtubules were secn. HMony of the mito-
chondria appeared swollen. The mitochomdrial satrix apo-
eared homogenecous with increased electron lucency. The
foot processes were scen extending to the basal lamind.
Hormally, the foot procsgses were s2en aligned on the outer
surface of tne glomeruler basal lamina with the fenesirated
gloaerular capillaries on the inside. In these cuses, in
some areas there was disraption of the normally regularly
spaced arrangement of the foot processes and aprarance of
much larger cell procegses or segments of the podocyte
cytoplasm resting on the basal lamana (Fig.32). This gave
the apoearance of fusion of foot processes evon though 1t
15 qurce liwely cvaebt this apeearance might be due to the
swelling and rotraction of the foot prociszes zo tiat the
caprllary wall wag covered by large swollen processgs or
gegneals of podocyte cytoplasm. The fenestras in the endo-
{helial layer apieared very prominsnt and gnall breoks and
thinning of the basal lamina were vury often aoliced. In
sone glomeruli there was exiensive destruction ¢f the
integrity of the basement meabrane alorg with dostruction
of the inverdigitating whorled and distorted profiles were
noticed{Fig.33). Tha endobnelium of the capillaries showed
varying grades of organellar changeas. Pinocytic vesicles

were seen in some cells, (he filam-outs and microtubules
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Fige32. Portioa of glomerulus showing podocyte £oob
processea. Tnore ls loss of structurel
homogenaity. Some of them appear largers and
digborted, X 52,000.
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Fige33. ©Swollen, distorted or damaged fool processes
of podocytes. Basal lamina show thinning or
breakages. X 60,000.
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apoeared fragmented in some cells while in otners taere
was complete avsence of microtubular svructuaress On the
inside of the bagal lamina the fensatrae appearcd very

large taan norsal.

The mesangium of the glomerull consisted of wesangial
¢21ls empedded in an umusually abundant mesangial matrix.
Irregular often slightly ill defined and rathser granular
areas of increased electron d:naity were seza in lae
mesangial matrix. Compared to the epithelaal cclls of tae
nephron the mesanglal cells did not appear as swvurely
daqgaged even thouzh the nuclel exhibitved caronat.n clumieng
eloag the nJclear membrang and tnere was modurale dastract-

lon of cytearchitecture.

Liver

Some ¢clls snoved ox ensive alterations arl destructic:
of plasma membrane snd organclles (F1g3.34,35). ine plasia
membrane showed maay cofigaratlonal cadges. Lu a few
c2lls there were blep like protrusiois of the ¢yioalasm

into the sinusolds.

There was vesiculation, fragmentastica and dissolution
of the membranes of the R .R. Dilatavion of t.: cisternae
were soen in & few locations. Disagscegation ol ribosomes

and detacnnent from =R wasg scen. In a few locations
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Fig.55. Portion of two hepatic cells showing advanced
necrobrotic changes. Remnants of few mitochondria
anl endoplasmic reticulum se-n. There is
clumping axd redigtrabution of chromatin in the
mcleus. X 70,000.
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polyribosones showiny & helical sonfiguraiion Jese notic:id.
Dilatation of the cisternae and vesiclzs of CGolgl coaplex
occurred ascompanicd by vesiculation and dilaivation 2f the
52, [n somz cells there was complete luss of asrpholorisal
identity of the golgi complsx with fragasitatiels .Juarrous
cytolysosomes, charvacterised by sequestratad o.ll orgarell.s
and cytomembranes Jithin its substvance were o..a. Tae
sequegtrated naterial was well preservad and cos.ly identi-
fiable or in varioung states of brealdown and do..adalion.

Ian some gases 1t was difficulv to ideniify wactaors a
lysogsome was & Sysolyposone or a phagolysosoanas. iesidual
bodias coantaining undigoested electron~dense lip.die regadoes
or myelinoid structire were 8lso moticed, In wny cells

the cytoplasa pres.nted extensive struclural caerges in

the form of deastruction of endoplasmuc retic.lum, microoosdizs
and Golzi complex, It was dirficuli to idcatily glycogen

gramiles if they were present.

Various alterations in the mltochondrial morghology
Jore gegen in the hepatic cellas. Tnere was gwellinz of the
2asriX 1 the inngr chaasb r. The cristae shored varying
degree  of disordentazion, shorteaing amd raduction in

nuaosrs, Aatrix was jale and nad a fluffy apresrauncs. Iu
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Portion of a nzparic cell showing ag re,-ut3 of
fiorils wita tne morheoloszy of 4allory podiesn (dL).
Nucleoll condeaseds Fragnoutailon of craisgtue of
witochondria (11) and vrescice of electron dease
material. £ 52,000,






110(L1)

Flg.37. depatic cell showing lipad droplets 1. the
cytoplasms Fraguenied endoplasmic reticulum
(=R) and damaged mavoctondria (i11). £ 5,000.
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around the nucleoclus. In cells which appeared lethally
injured the chromatin appeared as aarsedly comdensed or
had disap.eared., The nuclear envelope had alsc a frug-
mented appearance, Separation and redistribution of the
structural componanits of the nucleolus were noticcde In
some cells taere was condensation or the fibrillar portion
while in others there was redistribution resulting in
distiact gramnular, fibrallusr and amorphous portiocis, Taose
which rovealed advaaced oytoplasnic changes iagicative

of necrosis also hald fragmented nucleolus.

Tae <adotaelial cslls whicn were flat wad aeving
auclsi vhach protruded ianbo tae siausord lualad «l30 anowea
varying d-grees of dama e. Ine saall &md luerge iledestraee
were 8cill preseat in some cclls. JAloroZvilli on tae
srausoidal surface of underlying nepatogy.es were I'ctalned
in a few cslls. The cell contects betwaen endothulial cells
consisted of Junctional complexes ¢nardctsrised oy a sl.ght
increase in the clectron density of tae membranz and
adjacent ¢ytoplasm. In general intact organelles warse Sparso.
fupffer cells also showed ¢nanges some of them naving abundunt
and morphologicdl 1y heterogensous population of pnugocytic
vacuoles, The bundlas of reticulin fibres present in the space
of Disse were fouml fragmented. The short microvilli which
were normally preseni were absent. The iatercallular surface

of the ductular cells were lrregalar and were Tound separated
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Sale caa)aoall 3huiding Qil.olawlua 2L g
canalicalar acasr .2 2100 e wawian+ll .
~3lase v 335003,
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Fize33 to &b, Bar gra.hs showingz tac lovols of ALY,
GOL, GPT, iletorus inldcr, JuN and
creatsnine in blood wn grouss X, W ad
XiX.
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from each other. The basal surfaces of tne cells were
detatcened from tne basement membrane. The endoplasmic
reticulun was found fragmented and the mitochondria were
swollen, Lysoscmes were few. The prominent Golgi complex
wag found disrupted. Alt.racions in tne tigat jJunctions
were found to bDe & coanstant occurrence. Tne lateral

cell membrane surface haf peen fouand to be increased in
lengzth and complexity. A bizarre lamellar transfarmation
of the bile canaliculi was noticed occasionally which
resulzed from tne alteration of the canalicular macabrane
from microvalli which were trunsforued by widening and
flattening into aulcielasellar folds (Fiz.38). Tie lumina
of wmany canalicull were filled with gronular mabtsrial and
large lrresularly saaped mombraneous particles. :lany of
t.eze aemorancous structures were pleomorpnic and veariable
ia structure, but souse components nad features siailar To

microvilli,



DISCUSSION



DI3CJ3SION

A comparative assessaent of production of ocacratoxin

by Aspergallus oghraccus and Asper.illus sulphureus on

wheat and rice, und-r the svatic and shake culture methods

was made, The strain of A. ochraceus employed was found

©o be a superior producer of ochratoxin undur tuae 5.8ti0

and shake culture in both the substrates taan a. gulphurcus.
Hesseltine et al. (1372) also found that among all the
species tested by them A, ochraceus produced tae haghest
yvaeld of ochratoxin inm wheat and cracked corn. 3ut,
Lillehol et al., (1373) reported haghar yiela of ochratoxin
A by A, gulphureus in modifisd Czapek meaium altur 11 duys
of static incuoation at 28%C, Irenk gp al. (1J71) reported
chopnad corn to be the best subsirate for A. gchraceus

for ochratoxin production. Poligied rice and wizac braa
yieldzd only lesser anmounts of toxine In expsrinents
conducted by desseltine et al. (1372), wheat .sas found %o
be a superior substrate than race. 1in the pris.id study
higher yield of ochratoxin was obtained in wheabt umder botn
static and shake culture tecaniques taan in rice, Schaindlcr
and Nesheim (1370) observad maximum Jroauction of ocnratoxin
A in shredded wanzsat at 22°C after an incuoasron poriod

of 19 to 21 days.

In the presert investigation, the quantily of ochrabumn
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produced by the two species of fungl ia rice and wheal

was higher in shake culture system than in staulc cultare
tecani (a2, In the exseriments conducted by resseliine

2t ales (1372) snake culturz technijue was emplosed for
oroduction of ochratoxin from wheat, corn and rice oo
deserming the optimal substrate and fermencabion ps.riocd
required for ma<ioun yield., The superlority .£ the shdike
culture gystezm is that it effeccively distribui-d tae
inoculume Tie honogensity of une cultare sysbem was aain-
ta.nad throaghout the fermentation pariod provoenting
formatlion of mycelial mass which was charact risuic of
gtatic mould culture and which restricted groita te iadi-
vidual wneat kernels to the fermenter atmospazre mounenta-
r1l; during each revolution. Agitation slso IFauilitated
heal axchange and preovented localised overheat.n, of suo-
strate. Lindenzelser and Caicgler (1175) nave dowonstrated
that an agitation rase of 15 rpm resulted La tne highest
ochratoxin yields in wheat durins a fermentation puriod

of 12 to 13 days. The yield of ochcatoxin was 4200 pg/g
under tngse coadliloms, At 'O' rpm the yield was only

100 to 200 Pg/g witn no agitetion. It is evideat ihen
that under conditions of graia storagz wnen tno tonperatur.
varies between 20° and 30°C, there is enough scope for

production of the toxin once the grain gets coatamlnated
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with the fungi even taough the conditioas may De sub-

optinal.

This study was undertaken to undsrstand tne patho-
lozical effects of ochratoxin in ruminents and the goat
wasg amployed as the experimeatal animale Uraded doses of
the toxin were adainistered by the oral, intrap.ritoneal
and intravenous routes, The intravenous and lntrajgerie
toneal routes were employed to avold the toxlia being
hydr alysed in the rusen as 1t i1s snosm taaf ocnravoxin &
is metabolized in tne rumen to cochratoxin alpna whicn has

very little toxic action.

The diagnostlc paramnetors employed in this invoscti-
gutron for assessing the pathobiological eff.cts shoved
alzored values depending on the dose {total quantity of
toxin aidinistered), duration and rouse of adminis.ration,
in general, there has been depression of haemopolesis and
ocourrence of necrobiotic changes in varicus organs more
soecifically in the kidney, liver and lymphoird tissues,
with consequent clinicopathological mamfestations. The
fact that oral administration of toxia alao effccted
structural alterations, cven though in a mildar degrea,
indicates that atleast a percenvege of the tosan ingested
i3 absorbed before being hydrolysed in tne runen or only a
part of the toxin is hydrolysed.
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The mechanisa of sction of ochratoxin A may be due
to the presence of chlurine molety in its siracture.
Chlorane alone may increase toxicity of ochratoxin A by
inxreas_ng the dissacisation of the phenclic hjdroxyl group
involved in the bindins of teoxin and serum albumin and
possibly the binding of toxin to cellular protein. The
toxla when becomes agsseiated with cellular membranes,
tne fr2e raaicals and oxidetive deterioration of poly-
unsavurat.d fats ma, pot:antiate the cell injury, Ochra-
toxan & has alszo been found to inhibit oxiaative phospho-
rylation of ret liver mitochondria (Theron gt al., 1356).
Such inhibition of cellular respiration may initrote
impairament of ¢:allular funstions in addition to stractural
alterationss, When tnere is inhibition of oxidatave
phosphorylation, there i3 a rapid fall of cellular sdenosine
triphospnata cencencration and corresponding rise in
BADP, AP and inorgnic phosphetes Along ~#ith these changes
the inaw compartment of mitochondria lined by the inner
limiting membrane undergees contractions This wmiy reflect
the efllux of lons accompanied by water. As the injury
approached the point of wrreversibilivy, flocculamk
densities conswudared to represemt dematuration of natrical
proteins appear witiun the inner compartiment ol swollen

mitochondriz. [he appearance of the flocculznt densities
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correlatea with the loss of matrical enzymes and by this
time the aitochondria were irreveraibly injured {Laiho amd
frump, 1975). #Mitochondria with damaged and als_red
membranes, gatrical densities and floculont deposits were
consisvently found in the presww investigation. 30 it
is very evideat from this study tonat toxia daasged the
membranes of the mitochondria, impairing enzyme activities
witn consequent impairment of cellular functica. In a
lethally injureu cell, the damage to the altochomria was
not s2lective but a gea.ral rerascnsacion of overall

cellular dazage.

Haematolo_,lcal valdes were aiterad la ths zninels ia
varying degr 'ess There was siynuficant redactioa of
haemoglobin, packed cell volume and absolute lyiphscyte
count in most of the expsrimenctal groups. » lower daily
doge of toxin through oral route needed a longer period
for manifesting its oczfect becauge of tne hizhwer quaniisy
of toxin needed for suca &n effect. 3lnce thore wvas a lag
paeriod before these caarges were sei, 1o could very well
pe prasumed that acition of ithe Toxan i3 mo::e ssvore on
the immature cells of the oone mmrrow than on the mature
cells in carculation. However, Ribelin ef al. {1J73)
reported 2levaved l:vels of hasmoglobin and ha.achocrit
values ia cdprine ochratoxicosis. This elevated value

could very well oe correlated to hasmo=co gen.ration due Lo
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dshydration of the animalss. The lowsriay of naeuatologicel
values seen in bhis stuay is in agriem.nt wiva those
observed in climical and experimental cases of ochrajo-
x1cosis in chicken, turkeys and mice (secknaa ot al.,
19723 Chang gt ale, 1v31; Gupta gt &l., 1973). Signifa-
cant increase in tne blood coagulation time was noticed
in Groups 1, i « ILI whica were givon a total quanclity

of 120, 405 ard 735 mg ochratoxin by tne oral rogic. 3uch
an observation was also nociced by Joerr (127.) 21 aninals
which received aflatoxin «nl ochrailsxia wos.-ti.oe rFraior
and Sisodia (13473 have raporied iacrewssd pootarombin

time in 00aractoxicosis i chlcKen.

Raduction of total gerum protein wsas evilent from
tne 14th day onsards in goats Lt received ocnratoxin
at the rate of 1 m3/Kg body weirgnt psr o8. In the lowar
doge group, reduction was noticaed only by wne 12tu WEoK.
Goatg whica receaved oral dise of the toxin af toe luvel
of 2.5 ag/kg did mot snow any sigaaficent alitarozion La
5 days. This asy bz dus to the short tsrm of coxin
inductron and small conc.ntratisn of the toxin ithat alght
have reached tne gencral circalation =fter rumen degradate
ion, «2sults of the experiments conlucied 2y “reppy gb al.
(1373) showed that ochratoxin A lnhibits an =n.yae

esseatlal for proisin synthesis in esukaryotzs. At tne
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ultragtraotural level it hag beon found in thiz szudy
taat there was disaggregation of ribosonss and Lragnei-
tation of rough sarface endoplasmue reticulum sy aepato-
oytes. Thig insicaies the impairamens of protein synthesis
in hepatic cells which is further refiecuted 1n vae seram.
dhethor primary effect of the toxin was in the synthesis
of ANA, whica further lapairea gpecific protain cynthesis
or dug to the structuc-al danags ©o the endorlagaic
reticulum could not bo veary clearly ascervalnie fron this
atudye. The toxins could altcr the caeswical woitos.inon
of the membpane cauged oy lipid peroxiuatism vh.ca Jould
vesult 1n paase transiticns ~italn Acmoranzs l:.4dinyg To
vesicls formation (kavanau, 13565). Thig phnasu uodasation
witain the membrane mizat also resalt from £adlasz Lo
reqaey someé nambrans components due te inhub. .: of
phospholipids and proteoins whica occars durlayg fiae iato-

xlcation of ochratoxine.

The reduction ia concontracioa of serum proteins gy
also be tne result of glomerular provermurisa subsequent to
increased pesmeability of glomerular cavillary cypithelium
to¢ macremolecules. The splitting of the glomerular basement
menbrane, tas loss of the foot proceases and the occurrence
of spaces lJetwien tae glomerulsr sasement menbrane and

¢pithelial cells scen in tnis atudy could se the structural
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alterasions to cause increaged permeability to proleins.
Renal lossof high molecular waeight proteinsg was aiss

gbserved in pord ne nephropathy also {Arogh gt al., 1374).

Sagnificant increass in onlood urea mitrogen and
blood cr.atiniae was noticed in most of tne test animals
incluling those which were given aflatoxin and ochratoxin
togatasr. Tae incrsase cozld bo correlalsd to glomerular
damag e end 1o a ¢ortain axtent to laver injury. Peckhen
et al. (1371) found increased bloed uric acid ia chicken
whils Szczech gt 81.(1373 a) reported high BUJd values for
prags  fhe elevatiocn in JJN and creaitinine levels is an
indiceation of the severity of Kiansy demage rosuliing
in the revention of nitrogencous subslances 1n the general

girculation.

Sigmaiscant rise in acterus inddx was noticed in
antadals of Groupgs If, ILI, VIII & X. The rase uns obsecved
only oy the 45%h day ia Jr,I{ animals wheca w.=e fad
1 mg/ks body waight. Admimstration of toxin ot the lsvel
of 0.5 mg/kg body weiht by intraperitoneal and iniravenous
routas did not causs rise in icterus iadex. Juv nobicsable
rise was onserved in animalg which were glven 2.5 ag/ag
by sinilar routes, In Group » (coabinsd adainistratlon
of occaravox.nand aflatoxin), the increase Lln 1ot rusg index

wad signifacantly differoab gnen coampared Jiun the
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aflatoxin and ochreatorin controls. An lncrsdase 1a the
serun bilicubin concentration was rejsoersea by Albelin
et al. (1373) Ln guava f2d ochratoxrn at the dosage level
of 2 /g body weight. fise in icterus iadex 18 an
indication of tae acatic dasage caused by tne tofine In
the coabined btoxiclty with ochiratoxln and aflasoxin,
hepatocellular ne0rosis was more pronouwiced than when
inlividual Sozins were given. JAflatoxin is a Xnown potent
hepato-~toxin and it is quite natural $aat scvore liver
danage resulted when there was combinoa toxicity. The
neratic cells are damdged Two such aa excent thiu theys
cannot werform their exeretory function, In ad.ixtion lhe
gqollen aesic ¢211ls al_ht dlorox tvhe bile caamliculi
which result in bilirubin-diglucoronide to be resbsorbed
ingo the blood., Haryemwma and Sivadas (1575) ouscrved a

gimilar rrse in lcoterus index an aflatoxicosis ol goats.

Serumn leval of ALY was ingcreased si_nificantly in
almost &all groups. Rise in AL? level was also obasrved ia
combined toxicity of ochratoxain and aflatonine ‘tib:lin
gt al. {1973) eoeservee @1 inercase in serum A’ in tae
goat deosed orelly witn ochracoxain A 8% tae level 2f 1 wmg/kg
body weisnt. Jhen higher doses of toxia were ziven thney
chaservad dacline in enzyme lovel, The increcss in Aw?

level in the dilfezraat tr-atment rroups in tax pras.nt
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egperim-nl 18 probably related to epithelial deaaze of
the renal tubules and hepatocellular ingury. Ochratoxin
might have affected membrane psrmeability of cells
concaining this enzyae, An increase in tne activity

of ALP in proportion to the concentration of ochratoxin
was noticed in chicks by Liker gt 2l. (1378). ILicroased
urinary excration of ALP has vszen reported in do,s.

Thig w.s correlaved with reduction ia aLP acti..ty in
all the proximal tubules which wvas demonstrated histo-
chemically in dogs given ochratoxin A. ALP was reduced
correspondt ug to the injury of proxamal luoules {.rogh
et aley 1376 a)s  .onzyme histocaenislry employzd in the
prescent stuly also showged a reduction 1a L2 activity

in the proximal coavolubted tubales and liver collsa

Bignificant rise in seruw -GUT was ouserved 1n Grelil
{0.5 n_./ <z - oral} animals by tne 32nd wseise In 3.
animals rise vas evid ab by the third day and 2 Irl.VILI
ard Gr.IX oy tna seventh day. 30T level of the
goats uader comoined toxlecity was sigmificargly high
from tae ocaratoxin asd aflatoxain controls. ant 2ls
that received bac highesi dose of toxin by intravenous
and intraperitonszal routes also showed increase ia enzyme

lovel, Increased urdinary excretion of GOT, LDd and ALP
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was reported in pigs and dogs (Szczech gt al., 1373 c,

1 974 a) .

The changes coserved in the physical and chemical
congstituents of urine are consistzat «ith the hisiopatho-
logical chaages in the renal tubular epitheliun and
glomeruli, 3erndt and Hayes (1973) observad all.red
urin2 osmolalivy, incrcased urinary protein excr.tion,
and jressnce of katones and glucose in wrine of rats
given ochratoxain A. It was suggested tnat incrcased
urinary protein exerstion ady roflect lagerf-rence wivh
protedn peabsorpiion, Munro gt al. (1974) ocbserved
reduced urine volume, decreaged pH, increased specirfaic
gravity and increased protein in urine in rats. Szczech
et al. (1373 c) observed polyuria, glycosuria ond
proteinuria <long witn increased urinary excrovions of
LD, iCDd and GO in pags which were exposed to A.
gchraogeus or crystalline ochratoxin A. ~roteinurisa
may be due to an increase of glomerular permeability to
macromolecules. Gramular cascs, necrotic renal epithelium
and high protein concentration and enzymes nad veen also

reporved in urine of dogs (3zczech et al., 1375 a),

Histopathological changes in organs and tiszues
varied in intensity depemding on tae route, total quantlity

of ochratoxin and concentration of echratoxin admnistercd.
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Severity of leslons in organs were in the following
descending order : kidney, liver, iatestinas, stomach,
lymph nodes, spleen, thymus, gemtal orgens and ondo=-
¢rines. In the kidneys, the intensity of les.ons was

more in the proximal convoluted tubule. Henlz2's loop,
distal convoluted tubules and @lomeruli were algso affected
but to a lesser extent. The epithel.um of tha collsci-
ing tubules also showed degeneracive axd necrotic changes.
Changes were more prominent and widespread in the animals
thet were given tne toxin by intravenous and intraperi-
toneal routes than in anigals which wera given the same
quentity of ocnratoxin by the oral route thouzh the
difference wag mainly in the degree of geverity. Ribelin
et 21.§{1978) reported that rumen is a major site of
detoxification by hydrolysis for ocnratoxin =» Inis
explains the less2p inteasity of pathooiological effacts
saen i1n the exporiacnts #ith oral faeding. olling (1372)
drmongtraced reduction in the activiby of HADL {:trazelium
reductase and succiaate dehydrogunass in the epitnelial cells
of the proximal coavoluied tubules of pirzgs ia oxperimeonctal
ocaratoxicosis. Reduction in activicy of bazae cnzymes
may cause decreased funetion of tie tricarbosylic acad cycle
axl of the respicatory chain resulving in ceduciion of

oxidative phosphorylation. In tura, tiere is reaaction
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in energy production in these cells which may be the
obvious reason for tae higtologicsl lesions and impair-
mant of fanctions. Occurrence of lesions in a focal pattern
may be due to the fact that morphological losions do nob
&ppear until the biochemicul alterations have rsaclhad a
threshold level. In areas where exivensive degtrouction
of bru.h border occurrel, reductivan in ALP was obsuarved,
Changzes In thr proximal convolut.d tubules suz.,.cl toe
prinary site of dzposition and action of chisz toxi.: to
be the proxamal tabulege This currespeonds wibta tao
demo stration of ocaratoxin A at the site by luwunolilla-
resce ce vechnigque (£lliag, 1J77). Cnu {(1071) denonstezced
interaction betse n ocaravoxan .. and alouain aad
sugsosted taat albuman may dcrve as a traaspor. 1ol cule
for ochratoxiae As 2lbwsnin ia the glomerular filtrats
is absorbed by the proximal tubule, it could oe & iccnen.sa
by whach ocursioxin reaches the cella of tae prusumal
comwvoluted tubulsse OQearatoxin a may also reacn the
tubules throagn the peratubular capillariess uli.focal
aschaonla la the kKidasys of racs guvon variods inig of
aephrotoxic chemicals w-s deqonstratud oy Jliver {1353).
Both lscnacmic and cytotoxic lesions occurred 1.2 Cades
of acule tubular necrosis in man. In cuse the asphrotoxin

causes doadse o the tubular epitaneliunm primarily oy a
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mechanisa involviag luminal combact, repair -ul recov ry
are the wuost probablec sequelae, Aegenrative ¢n,es were
obgerved only in few tubuleg in the present stady. 7This
Wes mors conspicuous in the lower dose group. iesoceration
of tubuler epitheliua occurrad as new cells were produced
ny the few proximal tunular epitnelial cells tasht survaved.
Tnese cells used tne oxistiag Jase @nt membrane Zor tubulap
reconstruction. Fibrosis wus not & fea.ure in th-s coudut-
13n. It can oe seen taat wnoe factors which favoir repair
of renal tubules danaged oy nephrotoxic cheaicels include
neerosis taatv leaves some rgaidual epathelazl calls to
repopulacz denuded baseuent newranes ant ta2 lact of e~

ex.3t.ny renal disease (Cuppaze and Tate, 1967/J.

The zranular eosinophilic denri ohservad ia the lauen
of vae affect 4 tabul.s rzpresent the desquamaieu aud
disinbcsraeved epithelral ¢ells, prote.n parcicles and other
depogits in tne urinary filtrate. The PAS pos-tLve
Zlouvaler messes in Lae lugen, bagenzat a.aorane oo tubul.s
and some of lne Bownaan's cajzsule indicase Jdosos..ioa of
Jlycoprocein in these arwvas. This sag,esus ane oL zence
wath tne reabsorpliion of glucose and procein by .uc tubdies
which =1 deposited on the osassuant membranss or form

globtiulor zasses wathrn the tubules. _osanophilic zronules
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wers prasent in the epithelial cells of some of the
proximal convoluted tabulss ln tre loJer Josa,e groups.
tiunre et ale (1374) nad observed such eos.nophliic granales
in tha proximal convoluted itubulear cells of 1abs glven
oonratoxin at the rate of 5.00 ppm in diet. Durant

et al. (1264) suggested thet cosinophillic granul:s are

due to reabacrbed plasma protela aad 1s a result of the

ageing proczss whicn /as accelarated by ocarataria a,.

Necrosis of renal tubular epithelium, esg.crally
in the proximal comvoluted tubules, was obscrved in plss

red with cultures of a. gostianus that coateansd osira-

tozin A (Szczeoh gt ale1973 c). In chronic porcine
nephropathy, different segments of tne nephren and
interstitial tissue were affiected (L1lling, 1J77). decrosis
and desquamation of renal tubular spitazliua and presence
of eosinophilic gramular custs in the proxical am distal
convoluted tubales obszpvad i1n the peesent sty have
2ls0 been reportad ia experimental ochratoxicosis of dogs
(Szczech ef al., 1373 a). Ine difference oectw..n severcly
affzcted and moderately affocied KiGneys Was L.ae griavsr
number 5f necrotic and vacuolar ¢ells wilnla « wapule

and the greater numbcr of affected tubules; axamals given
highor doaea had more affected tibules with w0~ numerous

neerotic and vacuolated cells. Carlton «aa szozech (1573)
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demonstrated diffareat dagrea of necrosis of tae epithelium
lining tne proxanal ¢oivolated tubules and presence of
protainaceous casta in tne lumen of tubules in guinea

pigs dosed watn ochr.toxin at the race of 5 and 10 mg/xg

body weirght. Tuay have also described swellinz, degeneration
and necrosis of the epitaelial cells of tae proxinmal
convoluced subules and subseqacnt occlusion of the lumen

in hanstars.

Renal lssions of ochratosicosis la rats vere not
confined t¢ the proxaimal coavoluted tubulis. Though
necrosis of the epivnelial cellz of Lhe proximal convoluted
tubules was the most promiment repnal change, deoexi.ng upon
tne dosage of ochratoxin s, tubul.cs of ine outer zone of
the aedulla and some collecting tubulcs also were affactaed
ane cowained necrotic epivhelium (Hunre gt at., 1973,

19743 Purchase and Theron, 1363),

Snedmi et als (1974) described severe nephrosas and
hepavoais in Xxids due to feedrng of ochrato.n. Rendl
lesaons were mostly confin2d to the proximsal wisules and

vare less in seversiy cogsared to lesiois in livos,

Renal f£ibrosis was not a feature in the pr.sont asudy
even waough thicke dng of the bageunsat meabrane and moderace
dilatation of the renal {.bulag were noticed. Uhronic

exposure to low levels of occaratoxan A Zor larzer periods
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is apparently reguwred for the develepaent ol romal
fibrosis. 3zoczech g ai. (1073 ¢) regorted v.int fibrosis

was not a feature of acu.e oCAr«toxicoszis in yound pigs.

sxtrarensl lesiona ovserved in tne prescac sludy
were a2inly of liver, atomach, intestine, lyampn nodus,
thymus and spleen. Jestes/ovary, tayroid, adreasl and
pltuitary showed mild lesions in animals expuswu Lo tosin

at the level of 2.5 and one mg/kg body weigat.

Jatavlogical lesions were obs.rved in the liver
of all animals expos-d to ochratoxin. The scverity &
changes #48 in direct proportion to the total «wnount of
toxin adainistereds [lhe lesloas were more extonsive and
severce whan tne toxin was adninmistersd intravenously or
intraperitonesally taan wien the oral route #«as «dopted.
Degenorative chanzzs ranging froan cloudy swellin, and
fatty change Lo necroails of hepatlocyrtes in fog.l areas
Jere szen ia animals whicn were gwven tne Toxin el 0S.
Frank necrosis of nepatocytes, haemarrhoges, presence of
ilalleory bodies, Gisrution and collagse of reuvscalar
network in focal areas, bile stasis and mild degrec of
blle ductular proliferation were the lealons in the aninals
which roceived ochratoxin at hignor levels oy imraperiton=ol
and lntravanous routes. 3imllar chanzes but ia 4 mildor

degree were gbserved in other exHaramenial cilmols.
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#ild vacuolar chan,2g were Scen in scattered epithelaal
czlls lining the pcpillae of rumen and reticulum in the higher
dose groups. Few ulc.rs were obscrved aa tne razen of onimdls
which received ochratoxin orally and intraperitoncally. dype-
raenia and oedema of abomasum, varying degree of dageneratlive
and inflasmatory changes, aeorosis of the linlng epithelial
¢olls and goblet cell hyperplasia or intestinus we.C the otnlr
lesicud an the gastrointestinal tract of experimienial animals.
All these prcagtlons are due to the action of bae Lodin on the
epitaalial colls aud coasequent reaction ol tascacse IThe
cedome nocicod un the gastro-inuegvinal tract « wLa otaer

organs 48 due to the injuwry ox the vasculadr endstwelium.

Necrosis of lymphocytes aad depletaon of lyushoecytes
froa tne spleen and lympi nodes and lymphocytopacnia yerc
obzerved in all aninals which were given toxin by tne oral
route and i1n tne animals ziven toxin at 2.5 az/kz body wersht
level i/v, and 1/p and at 1 mg/kg body weight lovel 1i/p.
Lymoh node oedena was opserved in the highest dosc level group
3iven ochratoxin anvruwperitoneally. Lymphola deoleirion 1a
the thymus /i3 8.:n in two ol Tae experimentol aumalse
Dageneration of sem.muforous epitneliuaz was observed in the
testes of the aninpals taat received ocwratosin by oral route
at the lovel of 2.2 a3 and 1 ag/kg body welzat aad an an
animal whica receised 1 ng/kg body wergnt leval of ochratoin

intraperitoneally. This implics thet acle anioals subgected
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to ochratoxin at high levels or ovar prolonged periods may
pecoqe poor semen produceri, Degeneration aad ncecrosis of
the germinal epithelium were also onserved in the ovary of
anigals that were given toxin at the rate of 2.5mg/kg body
weight par os and by i/v route. This indicates the role of
ocaratoxin in causing sub-fertility or inf rtility ia goats
and necds detalled investizations Few follicles of tne
thyroid were found enlarged in this group of animals. Slight
reduction in the numbor of acidophils of the pituit.zxy and
focal degeneration of acidophils were noticea in tae Gr.V
aniaals (1 wmg/kg body weight i/p)e Widening of tne zona
fasciculata of adrenals alac was observed in this group.
Lesions in the adreonal and pituitary were obsecved in Group Ii
(1 mg/kg oral), Group V (2.5 mg/1/p) and Group ViI (2.5
mg/i/v) animals. Vacuolar degeneration and necros.s were
seen in gome of tne acinar c¢ells of the pancreas ln the
animals of the latter group. It is likely taat tue patho-
logical alterations seen in these orgaus are a roflection

of general process of cellular injury than any specific

target action.

The asynergistic effect of aflatoxin wiba ocnratosin
is very clearly manjifested in the weverity of putaclogical
lesions and in the altered values of the levels of some

enzymes, icterus index, BUN and ereatinine in the blood
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(Fig. 39 to 44). The degenerative and necrotlc processes

in the liver and kidneys were disitinctly prominent than those
in other groups. The pathologacal cnang2s involved all the
d.tfer:nt segacuta of the mephron. Alteratlions due Lo the
comoined toxicosid were also prominent in toe gustrointestiial
tract, «drenals, pituitary and thyroid wnersas lcsions in
these organs were not of sucn seversty waen eitacr aflatoxin
or ochracoxin was zgiven alone. Depletion of lymphoid cells
was observed in spleen and tnymus. Clamical slins of
illness, biochemical altorations in oload, gross and histo-
pathological lesions in organs strongly suggseat synergistic

action of the toxinse.

Synergrstic effects of ochratoxin amd aflavoxan in
body tissues nave been demonsirated earlier in broiler chicken.
Increase an laver lipld content has beey gainly attributoed
to the toxic action of aflovoxine The kidney was the most
sensitive organ bo the combined toxlcity of aflatosan and
ochratoxza & in bards (Huff and Doerr, 1330, 13s1).
Canpbell gt al. (1381) dewonstrated dscrease ia circulating
lyaphocytes and increase in heterophils in aflatoxicosis
of broilers. Ochratoxicosis decr:aged eosinophil populatioi.
Ocaratoxin and aflatoxin togevaar redaced tne imaune gtatus
of chicken. Doerr and duff (1380, 1J31) demoastrat.d

increased prothrombin time, dininatvion of packed c<ll volune,
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haemogleobln, total seorum protein and albumin by combined
toxicity an broiler chicken. During combined troataasnt

the urig acld levels were significamtly elevated. [Lhoe
elevation ia uri¢c acid ~as msr> tian tnat observew in birds
which roce_ved schratoxin alone, 1lati ot al. (1Jo1) have
reported sligat necrosis of hepatic cells and degoacrative
changes in kildneys of rats <hict were fed aflagoxin 31

and ocnratuxin 4 Tog-tn.re Suca pathological altv.rutions
dia not eocur in aninals given either toxin aloage As is
evadent froa the clinicoe~pabnological and pathsawmtomical
chenges combined toxicity causss v.ry severs daleiirious
effect on tae physiopat iology of the animals. This brings
to focus an importaat agpect that toxins, waen they act
togetaer, even if tney ar: prescnt in low doses ciuse severa

danage to cellular structure and function.

Ultrastructural zxamination of tissues in acute
ochratoxicosis revealed eifiensive orgaasllar aad nembrane
desiruction potn in liver and kidneys. Tne plasaa mcmpran.s
of hepatocyctes, the epithelial c¢ells of glomeruli and the
proximal convoluted tupular cells showad narked coafigu=
rational changes probably due to the dircect action of the
toxine. Sucn a change cuuld also r.sult from sccondary

hypoxia or anoxia. J[lhe vacuoles noticed in the »pLthelial
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cells of proximal convolated tunsules aignt resroseal
invaginations of the cell surface and mignt comtaln ATH

ase indicating their nonlysosomal prop.riy. Iruam.r {1375)
found suca vesicles in isolated hepatocynes waen exposed

to the toxin, pnalleidin. The veslculavion amd fregmen~
tation of the eadoplasmic reticualua snd disaggreation of
the ribosomes of the hepatic cells indicate an i.j airment

of protein syntnesis. the prolif.rataon of smooln endo=
plasmic¢ reticulum sven in hepatic cells whea exp.sed to

a wide variety of toxic substances was not noticed in the
preseat investigation. A probable factor for this might

be the high level of toxin exposure which intlicted severe
injury to the cells. whenever, there .s marked hypertrophy
of 3.3, there is a corresponding increase in the aclavity

of gouge of tue oxidases of biotronsformation suca as A IPH -
cytochrona reductase and cyvochrome £ 45J, whicn 2re closely
linded to or integrata:d into aan electron transport ¢hain

of the 24 mwcmbrane. The enzymatic activaity of the bio-
transforsation systen aifects tae intensity asa lauratlon of
tne effuct of endogenous and exogenous subst.acos which are

metabolized by the laver.

The liver cells contairmed large numbar of lipid droplels
within the endoplasmic reticulym and as smootn mambrane

bound vacuoles (liposomes) which coalesced to form large
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lipid droplets in the cytoplasmic matrix. she liver plays
a key role in regulation of lipid awtaboelism of the body
by synthesizing and transporting relatively larze amounts
of lipid to the rest of the body. Horphologicilly, the
endoplasmic reticulum is the principsl site of lipid syn-
thesis; soe of the lipoprotein are transgported o the
Golzl conplex where remodelling, coacontration cad segre=-
gation taze place, before they arae relzased inco the space

of Disse.

Hany theorires have been advaaced to explaia the
occurrence of liposomes in liver subjected to boxic injury.
Hdowever, ona concept that seems acceptable is taat lipid
accuanulation is secondary to depressed protein synthesis,

a polnt supported in this study oy the disorgamz-tion of
the ¢ It i3 believed that in normal situstion a lipid
agcegtor »rotein is produced by ACR «nd this condines wsitn
triglycerides to fora very low deasity lipoprovcins which
are released into bloods It 18 possible tnal o. x2atoxin
damoged the 1R and depressed tne synthesis of tuis provein
but not the synthesis of triglycarides rosulting in the
accumulation of fat in the lavec. The vesiculaced and
Iragmented apgearance of R aloag with degroaalation of
ribosomes has also been reportea in a varieuy ol conditirons

of Ttoxicity and deficiencies. Alveration of the chemical



145

composition of the manbrane caased by lipid perowidation
could cause phase transitions wiitnin c.rtain menir.neg

which in turn might lead to oudding off vesicles. L1t magat
also be poasiple tnav onase trunsitions wibtnia tae aocmbrame
might resalt from failare to renew soae megdrine LOARONIINS
due to inhibition of synthegis of phospholipids and protelass
There 13 ample biochemical evadence toadt pratein synthesis
is in fact impaired by drugs which ovroduce the clhiange. Jane
increage ia the pericaroamatin granaiea in the nuclevs szen
in this study also supgorts this contentioa. Various
studies have indicated that «n ancrease in the number of
perichromatin granules may be an indicator of aberretion in
protein gynthesis. It has been postulated thal al least
some of the perichrumatin granules come from nucleolus,
becauge an accumulation of pericaroqacin grenule is soz

in the Jjuxta nueleolar region aftzr administration of v.rious

toxins including afl=toxin By {Derenzini aad Moyag, 1373).

The epithelial cells of tne proximal coavoluled tubules
showed lyscsomal structu. es of wvarious morpholos.c pact:ra;
most of them being aulolysosoncs and multivesicalar bodies.
Myalin figures were 2lao consistvently encounticed in cells
showing necrobiolic chanjese Increage i the nunb.r ol

eytolysosocaes indicates a suab-levial intracellular focal
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injury caused the mycotoxins. iyelinosounes have scen
preduced in numeruus ¢2ll types Dy & varieuy O e dgSe

It 18 gurte possible that in ochratoxisoses myelinoid
bocios are foraed begcauae the toxin vacaamz bound Lo lipadic
membrones tnus aaking £aea difficuls to ve aigesuzd. It
could also oe taat sae soxia selectively inhubited
lysosomal aazy.dess Lhe poser of lysosoaal hydroleses 0
degrace 1ipid is limiled and variable and myelinold boaies
persiat when Lhe lipids becane hydrated. Otrermnze the

lipnd aay sersist as droplets or cloctron douse _raailes.

rragmentation of thw mucleolus was ohzerved 12 most
of tie cellie 1n view of the parallels betwyson stoactural
and piochemical changes it nag bean sagiested tiat nicleolar
fragn ntation reflacts the actabolic derang.asni duae to
ATP de=faiciency or innlbiticon of R synthesis secondary to

a metabolic disturpance (Sninozaka gt al., 1379).

As seen in alectron microscopy in this inv L1 zbion
tae iallory dodv is couposed of aggr.gseates »f IJibrila w.laosut
a limit.rg a.abrane. These fiorils sould aave rooalted
from & degenerative iHr.oess or Sie roesult frea s syataesis
and to contmn contructile proc:in. Of the o moprpholo-
glcal varia ws, tne types seea in gne hepatac colls repres-nt
the type I {vend and _ckerstorfer, 1377) coasistz g of

bundiles of fiorils in parallel arrays whlch acasu.2 9 €y 12 na.
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Mallory bod; filaa.nt asseably incl.ides polypepbrdes of
tne o,togeratin class of aatermediete filaments azd also
nighor 10l culer weight polypeptldes normally found only
0 the csbokercting of mature Keratocy.es of the epiderais
{Freasn, 1J33). dallory boaies Z.ra 4aad grow in size not
es @ rosalc of 1w reased protein incarporation, but rather

beozdse taey mre resistaat to dissslution.

Fusion of foot proc szes »f polog;L2s v¥as 8o in tha
glomoruluz.e This is casrscbirised oy 2 disay rarawxe of
the r.gularly spaced amull foot processes and ins eppearaice
of auch larger irregular call proczssaes or sSegawals of
podos,;te Gytoplasa restiing en bae das.l lanrad. 1T Becms
unlikel; taat this chenge results from actual faz.on of
nelghbouring £03t procaases of Jaff.rinl podos,Las, altiouzi
laazes suggesting tusisn of che ¢21l moavranss J. WO
neighbouring £0ot Dricssses nuve dJeon 839 i SA€ UGCasno.ild.
Jcanniag electron microscopic swudies has §.04a3 SA4T LN
apreqaraace of tne sdpalled fision of JouT presssd 18 @ure
likely due to a swelling and retract.on of foul pr.ces53es
8o taat cajillary wall 1s cov.red by large s.sol.2a processes
or s:3mencs of podocyte cytoplasm (Buss wad Laad.rts, 1575).
It 13 evalont tast tnese changes mizat bo tae aajor
responsible factor aiding 7883242 of wasromolecalar
subgteaces throagh the glomerulus resulting in bthe various

clinicopactholosical zanif2statioas. Apart fro.a the orzugellar
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changes in the calls, this morpholigical alt.caitlon seen

at tie ulzrastractac«l level along soch the frajac dation
of tha paszewnt mabraass in the glomerulus could Je cone-
sedered as 2 significant observation in ochratoxizosis ia

the zodat.

Phe rozults of this studys inuicate that pawicblological
mam.featations ar: more intense woen toxin Lo u. Lniseered
parent .rallyse It 18 quite eviount tnat waan orally da,-sted,
higheo lovels of toxan and a longsr duranlion acd Js2uired
for manlregtation of t.xic syaptomse Addatloan i wlavoxins
furvnor enhanced and intensified the patnolog-cal alterations
ana climizal symntomse Ulvrastructarall;y, Lt 1s su2 that
the membrans systea 1n the cells arz gevercly ac..Cted Dy

tne toxin in addition TO alteratiosas of olaer Svi wel'tSe

Further ultrascractaral, histocaesical and bauchemicul
stu.r2s ar= needad enploying suolethal doses teo dilineave
the exact structural and funetlonal cnanges c.uased by ocura=-
toxrn. It is also accessar; to finz out ways ad means to
desiroy or detoxify the elaboruted toxin in the f.ed so

taat field cases of oonratoxicosis can be minimised,
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An experimental study was undertasen to dallacate the
pathological effecta of ochratoxin in goats. OGo-racaxin vas
prepared in the laboratory and a compacative asseas ems of

production of ochratoxin by A¢ gciirageus and A. g iohurous

on wheat and rice under gtatic and shake culture acthods
was mades L. ochraceus was found to be a bettxr toxin
praoducing strain in both substrates uader giatic and gheke
culture gysteas and whaat was founl to be a sottor substrate

Taan rice.

For the toxicity studics, Saanen - Adalabarl cross-oced
goata of 1 to 3 months aje were employeds Surafi.d couravonin
progared in the laporatory was adminisboced to Lue aninals py
aral, latraperitonedl wad intravenous roates. .. Jislareat
dose lovels, 2.5 mg/gz body weinhit, 1 mg/kz bouy igat and

0.5 mg/kg body ael kit wepa auayted for all trawiacntas

Clinical signs, haematological aad niochemi-al alterations,
patnolozical alterations in urine, morbid snatomy, histopatho-
logical leslons and ultrastractural changes in tis.ues and
cells were siidied. Crystalline voxans (Hakor Cheamicals,
Israel) were used for tne gtualy of synergiscic ellect of
ochratuxin amd afletoxine The toxins were adainwsiered by

the /p route.
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Vary.ng degree of clinical acnrfestation and 10emago-
lozical cganges were nowlced in animals 3abgoctid Uo ocaratoxin
adminis.rotion.  Jasically tne aniamals ogcane Wee. 2ud listloss
and taere was reduclion of tutal erythrocyte count, 2V,
haemoglobin valuz, aad lyapnocyte couat, Seraa Hroteln lavsl
Wwags Jound lovered. J3JN, 211 cereatomae level axl coagulation
ti1e were high. But the change and the aggrec of sariation
depeaded oa the dose, tosal gqaaatity oad roave 0. 2aninist-
ration of the toxin aad tae duration of the experoient. il
effect was more sgevere wnen Aflatoxia and Jenra.uxin were

adrinistered simultauneocusly.

Decline in the concentration of total goras rocteins
wag noviced in 1} ng/kg «ad 9.5 1n3/K3 or«l wose jroup from
gecond and 12th veek onsards r-s ectively. Raduciion in
g3run protern coceantralion occurred in tae 2.0 ag/kg and
1 g/ lzvels of ocaral.xin by tae parenteral route. oSigni-
ficant incregase in 3JN and creatine l-ovels were notaced in
most of tne test animals, Hise in leterus index was ovssarved
in the 2.5 uy/kg dose lavel groups waen the loiin was
wduinisiered by the parenteral route. 4in tae oral dose
group of 1 mz and 2.5 mg/'t3, rise in 1ccerus index was
ohserved o1ly after 1, moaths z2nd 3 months reg.ecuively. ds~
in scterus index was pronounced in amamals tadl ruceived

ochratoxin and aflatoxin gsimulvaneously. Riss in ALY was
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noticed in almost all test groups including those which
were given ochratoxin and aflatoxine Significant rise in
3G0T was noticed in the long term toxicity group by the 32ad
week and in animals that were givea 2.5 mg/kg rate of toxin
by parenteral route. Rise in SGPI was significai. during
the terminal stsges in tne animals given 2.5 a3 «ad 1 mg/kg
rate of echratoxin by the oral route and in animals e mloyed
in combined toxicity atudies. Rise in ALP was noticed in
all test groups including those which were given ochratoxin
and aflatoxin simultaneously. =Rise in 3GOT was noiiced in
the long tera toxicity. The significant changes in the urine
were a lowering of pH, albuminuria, and the presence of

epithelial cells and castis.

The important pathological effect of ochratoxicosis
was mainly necrobiotic. Tnese changes were obscrved in
varying degrees depe:ding on tne total quantity of toxin
administered and rouse of administration. Severity of lesions
in organs were in the following descending order: kidney,
liver, intestines, atomach, lymph nodes, spleen, taymus,
genital organs, endocrines. In the kidneys, tne order of
intensity of patholagical changes was § proxinal convoluted
tubules, Henle's loop, distal convoluted tubule, glomerull,
collecting tubules. Retrogressive changes of Jdifferent

degrees and necrosis of the lining epithelial cells of tubulea
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and endothelium and epithelium of gloaerali were the laportent
alterations. In tne high«r dose groups, degeaeraiive cnanges
in glomeruli and Bowman's capsule inclading shriakogze of a
few glomeruli occurred. Tnickening of tne paseiat maabrane
of tne tubules and tne Bowman's capsule was also coserved.
Proteinaeous material was present in the Bowaan's capsule in
the highest dose groups. Hecrosis and desquanatiocn of reaal
tubular epithelium of vhe proximal and distal conwoluted
tubules were associated with the preseuce of eosinophilic
granular casts and rAS positive bodies in tae lusen in several
sites. Renal changes of degeneration and nuerosis were found
to be more intenae when ochratoxin and aflatoxin were admi-

nistered simultaneously,

Beasides the kidney, pathological lesions were observed
in the laiver, stomachs, intestines, lymphoid argans, testes,
ovary, thyroid, adrenal and pitwtary. Important changes
noticed in tae laiver were fatty infiltration, necrosis of
hepatocytes and haemorrhage. Bile stasis, mild bile ductular
proliferation and focal disruption and collapse of reticulum
were noticed in the higher dose groups. The nepatic cnangos
wore most severely manifested in the combined toxicity of
cchratoxin and aflatoxins Severe and extensive dejeneration

ard necrosis of hepatocytes sparing only few cells around
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the central vein could be noticed. Many of the hepatocytes
were heavily infiltraled with fat droplets. oXtensive
haemorrhages occurred in the parenchyma. Mallory bodies
were present in few liver cells. ioderatze billary nyper-
plasia was seena. Aiteration in lymph nodes and spleen were
due to n=crosis and subseuent daplétmn of lymphocytes.
Lymphoid depletion in thymus was noticed in two animals.

In the animals tnat were given 2.5 mgz and 1 mg/kg body
weight by oral route, and in the 1 mg/kg body weir.nt dose
group by i/p route, degeneration of seminifercus epithelium
was evident. Leslons in ovary ranging froa focal degenerab-
ion to necrosis of germinal epithelium were seen un the
highest dose groups oy oral and i/v route of admILSTratiofe
Lesions in the endogrinzs included focal degeneracion of
acidophils in pitulsary, widening of zona fascicaleva of
adrenals, and focal degeneration and necrosis of pancreatic
acini. Pataoclogical alterations in pituitary, adrenal and
thyroid were more severe in the anlmals which were given

ocaravoxin and aflatexin combilnely by i/p route.

Ultrastructural changes in the kidney and liver of
enimals which received ochratoxin at the dose level of
2.5 mg/kg body weignt (i/v) revealed severe chaunzes in the
¢ell structures. The microvilli of the epithel.al cells of

proximal convoluted tubulos were disoriented, disrupted and
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fused. In some locations tiere was complete loss of micro=
villi, Vacuoles some of which containing electronlucent
naterial or electron aense myelinoid bodies were present in
the apical cytoplasm of the cells. :litochondrial damage of
varving degrees could be seen. Increase in size of mito-
chondria, changes in dengities of matrix, disocicatation,
shorteninz and reduction of cristae and breaxage in the
limiting meaorane were the important changes. Tae dauwaged
mitochondria were incorporated into cytolysosomes Iln the
form of whorled m=mbranes and lysosomal bodies. Tne ando-
plasamic reticulum had fragumented in many locations. Clumpiag
of chrondatin, redistribution of their granular ani fibrillar
componants, nucleolar fragmentation and disruptioan of auclear
membrane were ihe nuclear changas seen, Ultrastractural
alteracions of lesser severity were noticed in the lining
¢cells of the distal convoluted tubules and denle's loop.

In vhe glomerular eprthelial cells tasre was modcrate ¢hro-
matin clumping, disaggregation of ribosomes from endoplasmic
reticulun 2ad fragmentation and destruction or filaments.
Microtubules were sSsen. Disruption of the regular arrange-
ment of vhe foot orocesses simulating fusion of several of
tnem and also thelr destruction were gean in the podocytes,
Degstraction of the integrity of wne baseaent menbrane was

also obsgerved in some glomeruli. In cthe endothelium of the
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capillaries, plnocytic vesicles, fragmentation and even
absence of microtubules were noticed. There sas woderate

destriction of cytoarchitecture of the mesangial cells.

In the liver, some of the hepatocytes showel exiensive
alterations of the plasme membrane and organelles, dleb
like protrusion of she cytoplasm into the sinusords were
oogerved in scme. Vesiculation, fragaentation and disso-
lution of the nembrane of vhe R R, disaggregation of
riboso ses and helical configuration of polyribo.somes were
geen, Tne Golgi complex shoved dilacation of cisceraas
and vesicles wita compleie loss of marphological ideatity
of some, Large number or cyltolysosoaes were prasunt.
Salient alterations in tae morphology of mitochoadria were
awelling of tne maurix, dlsorienvation, shortenias and
redaction in mugber of cristae, occasional cavitatloa of
the matrix and Dreaxks in the llining membraaze. dallory
bodiles and 1lipid droplets were oresent. Clumplig, conden~-
sation axd disappesrance of chromatin aand fragmentation of
nucleolus eand nuclear membrane wers Seen. Albtoerations
occurred in the tight janctions and the bile caaaliculd

presented & bhizarre lamellar transformtion.

Pathologzical alterations were more pronoanc.’ whan

ochratoxin was aduinistered by the pareateral route. Jral
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aduinkstratson of voxin also effected atrustural altsrations
intioaceng that at ledst soza fraccion of ochrocoxia have
sacazed the process of degradaltion into tne nontlxie otara~
toxin alpha, Higher doges of toxin inluced ¢holjes an
kidney and liver with @ore or less egaal insensibye
dorphiligiesl altuwtions in other orgea systems were allder
18 natuec.

It is surmiscyd shat the snlorine molety Ln the tozin
structare could be zalaly responscbls for the assosrption
of toxtn py tae cellular .rotein and tne associdaion of it
#1Eh thAe WLt meacrant cluss celoase of free rad.cels and
Qeteriorabioa of polyunsaturat:d falg, potentiatin, ¢ellular
damage. Me imgpalracat of ¢.ilular fuunction algab Lo due
%o inhibition of oxidacive enzymos whicn gresds posilble
froa g excensave ulorastructural alsorations eos rved in
tae nitoc wuria dad ind. J3lochemical cnangus li<e high
B i and ereatiniano levsl were gvideatly daz 0 a2 £Iero-
biotig chages in the kidney. sise in &l?, 5600 and U507
faarcat hegatic aad reaal Injury. lat:afercw2 .n tne
aynbhesis of proteins by dasagea agoatic cells and sscags
of protern mdl.cul.g dae ©o alterutions in tne podogylae
Eoot progesses aad ocasement Ay abranes way accaunt £op the
raeguced serum proteln levels. [Ine natwee of organillar
destructzonwith configuratlondl Caenges in c3118 is fadicat.ve

of tae toxic pobtency of tae aycctuxia o3 the plolojrcal 8735wy
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