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INTPODUCTION

liveotonins are fungel metabolites which have been lnoun
for mopy years bui thear signifacance an the cousacion of
dliseagse and their role as a major f£actor Iin causing discase
was not knotm till recently. EBpicenics of dry gangrene and
nervous derangement Jhich vere popularly known as *St, snthory’s
Flre' csuged by tne ingecclon of sclerotia of Clavaicens
purpurea sucpt Lurose from the 1lth through che 16th ceatu-
ries. This irportant dascase syndrormc drcow attention of the
people all over he world and was a well recognised discase
entity of mycotoxic ogagin, Houewer, the recent interest an
rmycotoXicosais wvas Ainitiated followsing the death of large numbeyr
of turheys in Great 3raitaln in 1950 due to copsumption of
searut meal coptauninated rdth aflatorin, Since then extensive
vork has been cone on tne verious aspects of aflatoxin on
diffcrent species of animels and voluwunous laloreture has
accurulated on aflatoxacosis during vhe last tyo decados,
How it has evcerged out ag a faczor vhich accounts dircectly or
andircctly for many of the discases in domestic aninels of

hitnertce 211 defined acviclogy.

Although, veraous uaspects of aflatoricosis have been
studied and vast armount of informetion bhas becn gathored, Lho
real significence of the problem has pot been recognlsed by
the personnel directly engaged in laveslock produchtion pro-
granmes., «23 .n the cagse of an lee bery where we scc only the

small portion sbove the surface, only the acute toxicity induced



by this toxin has been appreciated but the lower massive part
of the lce berg which as far as this toxin is concerned is

the chronic toxieity due to continued ingestion of low levels

of tostin remains cobscure to a great extent. The adverse
affgots of chronlce toxicity on the econcmic livestock production
programmes appears to be tremendous. This aspect remains Lo ke
assessed and it perhaps swaits the development of better dfag-
nostic criteria and wide recognition of the eondition.

The toxigenic fungl are ubiquitcus in distribution in the
enviromment and thelr toxin production is determined by vaviety
of factora. The unfavourahle storage conditions of the feed
particularly in an enviromment with high humidity as in Kerala
which is coastal in geographical lay out and the heavy rainfall
in this region favours mold growth and toxin production in feed
comnodities. This perforee leads to exposure of livestock to
mycotoxins through the contaninated feed. Houever, thelr signi-
ficance has not been preclsely assessed and its impact on the

Livestock farming has not besn accourately evaluated.

The limited studies undertaken in the Department of Patho-
logy, Vererinary College, lannuthy, during the last fevw years
have shown that aflatoxicosis is an important problem, parti-
cularly in the case of plys, which are relatively very suscep-
tible to this toxicity vhen comparcd to other species of live-
stodk and in most of the pig farms In Kerala it has choked the
production potential of pigs. The mortality pattern of pigs
recorded and tho supportive evidence of aflatoxin induced



hepatopathy are proofs to this valid conslusion. In thé inves-
wlgations undertaken so far the effect of low doses of aflag-
toxin has not been taken into consideration, This aspect cannot

be overlooked and warrants investigation.

The enguiries undertaken on the blologloal effects of
aflatoxin in dlfferent specles of andmals all over the world
have categorically shoim that aflatosin in higher doses causes
acute hepatitis, haswmorrhagic syndromes and deathe The wide
spectrum of chenges in (lcm dosas have also demonstrated the
toratogenic, mubagenic and garcinogenic effects. Besides this,
other notshle affects of contimued consumption of low doses of
aflatoxin are an alterstlon of serum protain profile and
adverse effects on the imsume system. It has been dogumented
in certain species of animnls that the immunosuppressive effsch
of the toxdn would leod <o acquired dmmmodeficiency and this
periorce loads to discase outbreaks. It is well~known that
it is the immundlogical background of the andimal that deter-
minos the emergonce of disease syndromes and if the problem is
viewed against this hackground, it has tremendoug Zmpact on
the disease prevalence in the animal population in general and
pigs in parcicular singe they are very suscaptible to this
toxin.

Considering these aspects a projecht to study the dmauhe
rasponse of plge in asflatoxicosis was desicned and executed
and the results obtained durding the course of this investiga-

tion have boon documented in the ensulng pages.
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REVIEY OF LITDRATURE

2.1. Aflatoxicosis in plgs

aflatoxins, a group of closely related metabolites of

aspercillus flavus, Aspverglllus parasiticus and Fenicililum

rubrum, are well known potent hepatotoxins pogscssing carci~
nogenic, mutagenic and tesatogeonlc activities. These toxins

ococur as natural coptaminants in snimal foeds.

2.1.1. Incidence of spontaneous cases of aflatoxlicosis.

scveral confirmed instances of aflatoxicosis in pigs

were reported under £iceld condltions.

A disease in plgs caused by consumption of meldy corn
was reported by Sippel et al. as early as 1953. Loosmore and
Harding {(1961) described an episcde of toxicity in which pea~
nut meal vas identified as the causative component in the diet
of pigs. Following this report, Homby gt al. (1962) observed
vetarded grouvth in animals which consused toxin contaminated

teed, Gibbons reported moldy corn poisoning in plgs in 1965.

Incidence of toxicity in olgs due {0 aflotoxin was
reported by wilson gt al. (1967). When fed toxic Peniciliiun

rubrum culture, pigs showed sovere haemorrhagic gastro-enteritis

with death cccurring more quicker than Agperqgillius filavus

cultures.

Bmich gk al. (1976) renorted 94 cases of aflatoxleosis

in pigs over 22 months periocd in North Carolina. The aflatoxin



Bl concentration in the corn Iingredient of tho feed in these
cases was 5.18 mg/kde

Haoyes gt al. (1978) found aflatoxin By in the plasma of
three of the nine pige examined, the values ranging from 3.1
to 36.7 ng/ml. Though it was not deétected in the kidneys,
0.12 ng/g was found in the pale yellow liver of one pig.
puring the period 1965-1968 at the plggery fasm attached to
tha Veterinary Collega, Mammuthy, out of the Bl5 pigs died,
85% of them shoued varying degree of liver damage and afla~
tonin was attribubed as the cause (Rajan gt al. 1981). The
suthors also indlcated contamination of feed with aflatoxin

to be a possible cause of ethmold tumor in pigs.

Syiramamarthy gt al. (1981) recorded an outbreak of acute
aflatoxicaosie in Large WVhite Yorkshire pigs at Tirupathi. The
suspected feed contained 2.4 ppm of aflatoxin By The affected
pigs recorded lowered feed consumption and weight gain, Dis-
continuance of the incriminated feed and supplementation of
Liv. 52 controlled the outbreak. Aflatoxin By at 500 po/kg
wag found in the stomach contents of 80 pigs disd of peracute
topicity on consumption of moldy bread {Ketterer gt al. 1982).
Anorexla and unthriftiness of growing animels weore scen in

chrondc toxiclty.

Dhanvantarl gt al. (1982} recorded a natural outbreak of
aflatoxicosis in Large White Yorkshire plgs. The offending

groundnut cake contained 16 ppm of aflatoxin and the grower



ration on fresh basis contained 2.4 ppm of aflatoxine. The
morbidity and mortality rates were 18.13% and 10.36% zespeg-
tively. The sgeverity of the lesion was nore in growers and

among-arovwers it was particularzly more sovere in males.

Feed samples contalining more than 360 ppb of aflatoxin
vaere found to b2 the cause of mortality and untlwiftiness in

54 herds during a three year pericd (Wilson et al. 1984).

Chauhan gt al. (1984) reported tweniy cases of hepato-
gellular carcinoma in pigs and asttributed groundnut cake having

an average contamination level of 1 mg/kg as the cause.

Dykes (1986) obseryed aflatoxin 5, at high concentration
(2000 ppb) in the feed of a plg hexrd. The affected animals
had severe sarcoptlc mange infectlon and did not respond to an
aggressive trestment protscol for the same. Clinically the
animals exhibited muscular uveakness, depression, pnouroania,
roctal bleeding and terminal convulsions. The study demon-
strated the muliitude of consequences and imquno-suppressive

gffects of aflatoxin,

2,1.2, Expsrimestal studies.

2.1.2.1, LDSO of aflatoxin By in pigs.

Jones and Jones {1969) reported the LDSD for pigs as
0.6 mgy/ky body welght. »According to seversl research sourges,
the acute LDSO of aflatoxin By in young pigs was 0452 ng/lkg
body weight and in oldexr swine 1.0-2.0 mo/kg body welght
(Hatch, 1982).



2.142.2. Susceptibillity of plgs to sfilatoxin.

Dictary concentratlons of aflatoxins that caused toxi-
cosis (liver damage and death) in swine were: growing pigs -
G.41 pg/g or wore for 12-24 weeks, pregnant sows - 0.3-0.5 pg/y
for four weeks (Ddds, 1973; tlegler, 1975; Buck gk al. 1976).

Barlier research on poreineg afletoxicosis indicated that
this species was more susceptible at an younger age of 1-4
wacks., Pregnant sowe were more susceptible than mature cattle

aind sheep {(Edds and Osuna, 1976; Edds, 1979).

2.1.2.3, Effect of aflatoxia on the growth rate and feed
efficiency of pigs.

A number of rcoports and peviews describing the dletary
effects of graded levels of aflatoxin on pigs indicated no
acute toyde effects below 700 ppb. Consumptien of rations
contalning upto 690 prb aflastoxin dld not seem to affect the
parformonce of plgs during che finishing period when they
gained weight from 120 to 200 lbs {Duthie gt al. 1966), but
subgstant.ial lmprovement occurred in the growth rate when they
were placed on a toxin free diet. Hintz gt al. (1967#) Cof-
ducted feeding trials on 12-14 weck old plgs with rations con-
talning 10 to 1550 ppb aflatoxin and found that levels above
450 ppb adversely affected the weight galn and feed conversion.
Simllar observations were made by Gagne gt al. (1968). How-
ever, toxie concentrations exceeding 280 ppb caused depression
in growth rate and feed conversion efficlencies of growing

plgs (Sisk gt al. 19683 Allcroft, 1969; Armbrecht gr al. 1971).



Studies of Keyl and Booth (1971) indicated that even
higher levels (450 ppb and above) were required to depress

the grouth rate and feeding efficiencies of growing pigs

Inciusion of aflatoxin B, at a level of 4850 ppb in the
ration of 5.5-7.7 ky pigs for a 28 day feeding perloed pro-
dueed significantly lower daily gains than a contyol group
on standard ration and returning the treated group to 3 normal
ration resulted in thelr resuming a normal grovth curve

(Nsufville, 1974).

Ivasaki et al, {(1974) fed diet containing 0.55-0.6 ppm
aflatowin By for 122 days ko four miniature pigs and found
transiont inappetence and siight retardation of growth.
Monegue (1977) compared average dally gain in two groups of
seven plgs each of Duroc-Yorkshire x Hampshire barrows and
giltes receiving either a control ration or a ration naturally
contaminated with aflatoxin By at 200 ppb level and found
significant growth suppression in pigs which congumed sflae
toxin. It was also obscrved thaer lavels of 100, 200 and
300 ppb of aflatoxin B,y in che ration did not gignificantly

affect average daolly gains, feed consumptlon or efficlency.

Cysewski gt al., (1978) observed lesser weight gain in
pigs fed aflatoxin By at 1.3 mg in the fesd €or 25 days.
Impaired growth rate and feed conversion were evident in pigs
fod diet containing 0.3 mg/kg of aflatoxin Bl {Armbrecht, 1978).

average dally gain was reduced linearly in plgs receiving



diets containing 385 ppb and higher levols of aflatoxin but
the fecd efficlency was significantly influenced only when

1,480 ppb aflatorxin was fed (Southern and Clawson, 1879).

Millew ek al. (1981) obgerved decressed feed conversion
efficiency in piglings {ed diests containing 0.4 pg/g and

0.8 pg/g of aflatoxin respectivelys

Osuna and Edds (1982) made simlilar observations in pigs

fed 0.2 mg/kg body weight of aflatoxin By for 10 days.

Ho (1982) reported loss of appetite and degreased weight
gain in pigs fed crude aflatoxin at 90 pg/kg body weight for
six weeks. Congiderable roduction in welght gain ocourred in
pigs fed zation containing 400 ppb aflatoxin By {Wu et al.
1992) and in pigs fed ©0.15 mg/kg body weight of crude afla-
toxin {Vighalcakshan gt al. 1984).

Tapila and Seawsicht (1985) obgerved significant decraase
in the growth rato and feed consumptlon in young pigs fed

dletary aflatoxin at 0.750 mg/kg feed.
2.1.2.4. Haematology and clinical chemistry.

Barly work ky Harding gt al. (1963} showed thet four
+0 six week old pigs fed on a toxlc groundnut meal,s wnlch
presunably was contaminaced with aflatoxin, responded with
dhanges in the levels of serun enzymes and liver composition
it the afletoxin content of this meal stands unspecified,.
Besides, wilth dlevary aflatoxin levels of 750 ppb or more,

alterations in the electrophorevic patterns of pig serum



proveins indicated 3 relative decrease in the albumin, sipha,,
alpha, and heta globulin levels and considerable increase in
the gamma glebulin level (aonsu gr al. 1964), Cysowski et al.
(1968} preduced agute aflatoxlcosis in young pigs having body
welghts ranging from 11.4«21.4 kg, by giving aflatoxin By at
1.98 mg/kg body weight, The pigs showed depression and initlal
pyrexia folloved Ly subnormal temperature. Shivering, suscular
tremors end veslness were noticed froan the sixth hour onwards
at irxregular intervals. Fresh blood sppearad in the faeces
afcar 24 hours. Altered liver function was detoctoed after
thrae hours and was marked at six hours. SCOT and OCT activi-
ties were elevatoed markedly after &-9 hours. The packed cell
volume remained nwommal until 12 bours before death aféer which
it declined. Lenkooyte counts and prothrombin time were ele-
vaked asSter 1224 hours. Diffcrential leukogyte pount indicated
newtrophilia and lymphorenia. Sionificant decreage in all the
compononts of protein with maximum decrease of P~glcbulins wvas

ohserved,

sigk gz al. (1968) produced experimental aflstoxlcosis
in two week old pigs by the daily administretion of aflatoxdn
B.‘L for 23 days at dose levels of 83.4, 166.8 and 333.6 poskg
body weight. The smallect dose did not produce clinical evi-
dence of disease in the pigs, but mlld hepatic changes were
observed microscopically. 7Tho medial dose lovel (166.8 pg/kg)
vas chviously toxic to young plgs, and the leslons were similar

to hut leas seveve, than those observed in pigs administercd
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with the largest dose level. The largest Josage xesulied in

deprasaion, anorexia, hasmoconcentration and lcterus,

Alterations in liver function, as renpresented by changes
in blood and liver onsymes, occurred in plgs after consumption
of feed containing as little as 51 ppb afletoxin B,. Along
with this, plasma albumin, plaswe-albumineglobulin ratio, non-
protoin nitrogen and urea nitrogen were decreased (Gumbmann

and Wiliizma, 1968).

Hauser gt al. (1971) reported haemorrhagic syndrome in
pilgs which conouned feed containing 150 ppb of aflatoxin By
The routbine handling of the pigs led to massive subcubtaneocus
haemorrhage. Addition of Vikamin K at the rate of 22 mg/kg
body weight reveysed the prothroabin times to nomaal and

hasmorthages coeased.

Young pigs oxpoged to afistokwin at 450 prb level in the
ration for 28 days exhibited a significent lncreasc in pro-

thrombin time {Meufville, 1974).

A egarcinogenic rosponse in brood cows was obgerved by
shalkop angd Armbrecht (1974) when the sows were fed aflatoxin Hl
and Gy at the dose rates of 31 pg, 10 pg and 40 pg per kilogram
body welght daillvy during growth, gestation and lactation periads
regspactively, Both four and ten week old plgs, when €ed with
ratione containing high amounts of proteins [17-20.6%) vs low
aongentrations {(11.4«14%), showed stunting, icterus and

haemorrhage, when exposed Lo 98 and 99 pg/ky body weight of
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aflatoxin (Bdde and Osuna, 1976}, In plgs fed with 1.3 mg

of aflatoxin By in the diet for 25 days, Cysewski et’ak. (1878)
aild not observe any change in the plasma activity Of SGPT,
8SGOT lavels and prothrombin times. The total plasma protein,
alpha and beta globulin levels decreased while the gamma
globulin level showed an increase, These changes were not
statistically significant, Only the albumin value in aflae
roxin fed pilgs expressed s significant dlfference from that

of the normal.

Drabek gt al, (1979) obsexved that ingestion of 5.4~
10,5 mg/kg live weight of aflatoxin By caused drowsiness and
apathy within three hours sad death withian 12-20 hours., 2
dosage of 1l.4~3.1 mg/kg body weight of the toxin resulted in

death of the animals vithin 3-26 days.

In experimonts conducted by Southerm and Clawson (1973),
in pigs fed 750 ppb and above dietary lovels of aflatoxin, no
significant effect was noticed on the total serum proteins,
albumin and IgG fraction but the IgM fraction was found to

e increased.

Miller et al. (1981) observed a decrease in haematocrit
value and haemoglobin level in pigs fed diet containing
0.4 po/g and 0.8 pg/g aflatoxin respoctively for ten weeks.

Though Salmonells cholerae suls var kuzendorf was inoculated

on the third week of the expveriment, no significant effeckt was
chserved on the total leukocyte count. Serum levels of GGT,

ALP and AST were higher in aflatoxin fed pigs. The total
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protein, albumin, alpha and beta globullng and the albuwming
globulin ratios decreased while the gemmaglobulin level
inereased. The pigs inoculated wvith Salmonella had a higher

gannaglobulin level,

Aflatoxin By when fed dally co young plgs at a dose rate
of 0.2 ng/kg body welght for ten days, slgnificant increase
in the haemoglobln levels and erythcooyte count was observed
£rom the sixth day and this was followsd by an abruyt drop in
haemnoglobin, TCV and RBC valuos by the tenth day of the
experiment. Liver specific snzyme levels vere increascd after
48 hours. The total plasma protein and all the protein frae-
tions vere significanbtly reduced (Osuna and Ndds, 1982).

Ho (1982) fed pigs crude aflatoxin By and Gy dally at dosages
of 23, 44 and 20 pg per kilogram body welght fox six weeks and
observed that in the higher dusage groups thero was yellowish
discolouration of urine within three wesks. Pigs that died
manifested jaundice and ractal heemorrhege. The levels of
SGPT, SGOT, LDH, ALP and bilirubin showed an increase in the
group glven the highest dosage whereas the serum cholesterol,
triglycsrides, total lipids, albumin, globulin and total plasma
protein levels depreased during the latter part of the experi-
ment.

Miller gt al. (1982) recorded increase in isocitric
dehydrogenase, alkaline phosphatase, sorbitoldehydrogenase
and agspartoaminotransferase activity in six of the elght plgs
orally dosed with aflatoxin at 1.2 mg/kg body welght. There
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was significant increase in gamma glutamyl transpeptidase

activity.

Vishalakshan gt al. (1984) 4id not chmcrve any signifi.
cant alteoration in the total erxythrocyte gount, haemoglobin,
packed cell volume, orythrouyte sedinentation rate and total
leukogytic values in adult pigs fed daily with crude aflatoxin
at 0.15 mg/kg body veight for three months but g Variation in
the absolute count of lymphocytcs was observed. Dietary afla-~
toxin at levels of 0,378 mo/kg and 0.750 mg/kg fed to young
pigs Aid not alter the levels of serum protein, billrubin,
SGPT, alkaline phosphatase, gammaglutamyl transferase and

urinary gammaglutamyl transferase (Tapla and Seawright, 1983).

2,1.3. 2An cvorview of aflatoxicosis in plgs in India.

2,1.3.1, Spontancous Cases.

Aflatoxicosis in pigs was encountered for the Ffirst time
in Xerala during the poricd 1965-1968 in the piggery fam
attached to the Veterinary College. The groundnut cske fed
to tne pigs which contained high lovel of aflatoxin was
inorindnated as the ¢ause for liver damasge {Rajan gt al. 1981).
They also attributed aflatoxin as one of the imporbant otio-
logical factor assoclated with sinus tunour in pigs. Outbreak
of acutc aflatoxicosis in pigs in Pirupathi was recorded by

spiramamurthy st al. (1981).

Dhanvantari gt al., (1982) made clinical observations on
a natural outbreok of aflatoxicosis in Large White Yorkshire

pigs.
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Chavhan 2t 2. {1984) recorded twenty cases of hepato-

cellular carcinoma in plgs.
2¢143.2+ Buperimental studies.

An assosgrent of the cell-mediated immune response of
adult pius in subecute aflatoxicosis was made by Vishalakshan
et al. (1384).

2.1.4, Pothology ©f sflatoxicosis in wigs.

In acuke cases nommal handling of the pigs led to massive
subcutaneoug haemorrhage {(Hauser et sl. 1971). OGross hasmorr~
hage occurred in many parts of tho body, e@specially in the ham
areas, The increased pressure in the glubeal muscles led to
ataxia, and animels presented a doy like sitting positlon with

vachypnoaa and panting (Ddds, 19793,

2elsd.1. 2oute toxicity:
2eled.lel. Liver.

Grosslyy the liver was anlarged, locteric and contained
pokechiae. Liwver lesions and increass in the liver uveights
indicatod teoxin stress. The gall bladder was in some cases
atrophic (Rurnside et al. 1957; Loosnore and Harding, 19613
annau gt 3. 19645 Wilson gf gl 1967; ‘eyl eb al. 1968;
Gagae gk al. 19687 Keyl and Booth, 1971; Osuna gt al. 19773
Bdds, 1979:; Lu apd Ho, 17823 Osuna and Bdds, 1982}, Mlcorog-
copically, early liver changos vere seen in about thyee hours
{Pastorocon, 1973). Disorgaunization of hepatooytes with fatby

changes ocourred. By six hours, tho cells wexrs swollen and



centrilcbular congestion and necrosis were evident. These
changes wora aceompanied by karyorrhexis and pyimoesis,
Infiltration by neutrophils and lymphocytes occurred by

12 hours in the necrotic arcas. Congestion continued to
increase and was acocrmpanied by leukocyte infiltration, Bile
dust hypecplasia and bile casts in canallcull were also evi~
dent, Those changes were in acgcordance with the observation
made by Sippsl gt al. (1953); durnside gt al. (1937); Loosmore
and Tlaxding (1961); allcroft gt al. (1961); Harding gt al.
(1963)5 Wilson gk al. (1967); Armbrecht (1978); tliller gt al.

E=-—%

(1932},

Lover dosages extended over a few ueeks produced many
of the features described., However, reticulum and collagen
£iber proliferation and blie duct hyperplasia were observed
along wlth dntra cellular glycogen depletion and lipid infil-
tration, These reactiong required several days to take place
{shalkop et al. 19675 Sick gt al. 1968).
24144.1.2, Kidney.

Increase in the veight, swolling and haemorrhage uere
reported by Burnside et al. (1957): xeyl et al. (1968); Lu and

Ho (1982},
2¢1:4.1.3. Spleen.

Bagorgement of the spleen occurrad in acute cases.
Microseopical examination revealed lymphold depletion (Burnside

st al. 1957; Wilson gt al. 1987).



2.1ledeled, Lymphnodes.

Congestion and ocdema of the lymphnodes wvere reported

by Burnside gt al. (1857).

2.1.4.1,5. Gastro=-intestinal tract.
Haemorvhagic gastroentericls with occasional erosions

and ulceration was reported by Burnside et al. (1837).
2#1.4.1.6. Peritoneal cavity,

nmber coloured £luld in nmodevate guantitics was observed

by Burnside et al. (1957); Loosmore and Harding (1961},

2a144:127. Heart.

Hydcopericardiumn with accumulatlon of an ember coloured
£luild associated with petechisze and icterus of the heart muscle
were obgsenved by Burnside et al. (1957); Loosmore ond Harding
{1961),

2q1:4q108c Thyroid.

Increased thyrold body weight ratio and histologically,
evidence of thyroid hypoplasia were recorded (Loosmore and
Harding, 1961; Wilson et al. 1967).

Petechial haemorrhages were found in cvhe Eat, muscle, and
subcutaneous tissue {Armbrecht, 1978).
2+1.4.2. Chronic toxicity.
2+412442: 1. ILdver.

Grossly, the liver developed a hard fibrous texture and
the entire organ vas dark yellow vith scattered railsed brown

lumps ond goarse nodularity. In earlisr stages, the gall
bladder of some animals was distended. In advanced cases,

the gall kladder was atrophic and the wall was oedematous.
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The plle vas sometimes dark and had a "thick' consistency
(wilson et al. 1967; Iwasaki et nl. 1974; Arsbrecht, 1978).
Microzcopically, the kand of liver lesion and its degree of
extensivencss were dependent on the time and dosage rate
relationship that precceded the examination. Thers was
pronounced centrilobular necrogis. The cytoplasm of the
cells was granular end vacuolated or completaly absent.

There was pronounced karyoregaly of the surviving hepatic
calls. Increased proliferacion of reticular f£ibres, pseudo-
iobulation with regenerating islands of hepatic cells, bile
dunt proliferation and progressive incresse in collagen
fibres were zlso evident., Most of the regenerating cells
contained neutral fat globules. As the lesion progressed
there was numerous foold of lymphogytes and few ecsainoghils
and large nodulées ofF regenerating liver cells with a collagen
capsule cxtending throughout the marenchyma and above the
liver surface (Zippel gt al. 1953; Bumside gr gl. 1957;
Loosnore snd Harding, 1961; Haxding et gl. 1963; Shalkop gt al.

1967; 5isk et al. 1968; Armbrecht et al. 1871; Miller et

gk

1981)., epstogullular carcinoma was observed by Shalkop

armbrecht {(1974) and Chauhan gt al. (1984).

—————

2.144.2.2. Kidney.

Grossly, petechiae or linear haemorrhages were evident
in the cortex or at the cortleo-medullary junction. Ioteric
£luid sras sometimes found in the pelvis., Microscopically,

karyomegaly and vacuolar degeneration of uriniferous tubules
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were observed (Wilson gt al. 19673 Armbrecht, 1978). In

soma cases motastatic nodules of hopatocellular carcinoma wers
seen {Chauhan gt al. 1984).

243.4.2,3. Bpleen.

Metastatle lesions of hepatocellular carcinoma were
observed (Chavhan gt al. 1984).
2ele4s2.4. Lymphnodes.

In short term casas {less than one year), congestion and
haemorrhages vere found in the hepatic lymphnodes. In prow=
tracted cases {over two years) wmetastases of malignant cells
from the liver were ocrasionally seen (Armbrecht, 1978;
Chavhan st al. 1984).

2414442.5. Gastrointestinal tract.

Depending on prior dosage, hasmorrhages were seen. Mekta-
statie seeding of hepatogellular carcinoma ogeurzed in the
omentum {Armbrecht, 1978).
2.1.442.6. Peritoneal cavity.

Metasatatic lesions of hepatocellular carcinoma were observed
by Chauthan gt al. (1984).
2e1l.4.2.7. Thyroid,

Increased thyzoid hody weight xatio was cboerved by
Loosmors and Harding {1961) and Wilsom gt al. (1967).
2¢1.4,2.8. Adrenal gland.

A hyperplastic response was observed, depending, in part,

on the prior exposure rate (Armbrecht, 1978).
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2.2. Immune vesponse of Aifferent species to aflatoxins

Aflatoxin exerts an effect on resistance to infection
and developmont of acquired immunity. The fact that aflatoxin
biands DNA, thus inhibiting protein formation, attracted a

munbar of people to study its effect on lmmunity and resistance.

2.2.1. BEfect of afistoxin on the humoral immune rasponse.

2.2.141. Laboratory animals.

The f£irst demonstration of the effect of aflatoxin on
antibody formation wag in mice in which typhold agglukinin
titres wers low after subgutansous Injection of aflatoxin
{Balikeev gk al. 1968). ILovered titres occurred when vaccina~
tion began before aflatoxnin administracion; hovever, no anti-
body formation or minlimal titres occurred vhen aflatoxin admi-
nistration preceeded vaccination or if aflatoxin and vaccine
vere administered simultaneously. In this study, the quantity
of aflatoxin administored was not given. Thurston gt al. (1974)
observed that orsl dosing of guinea pigs with 0.1 mg and
0.3 mg aflatoxin By daily for four weeks had no e¢ffect on the

antibody production in Drucclla abortus vacclaaced anlmals,

however they had lesser weight gain than their controls,

Splegnic atrophy with nearly complete disappearance of Malpighilan
corpuscles was observed in rats which were fed aflatoxin

{Frapco gt at. 1981). The primary and sccondary antibody res-
ponse vere found to e suppressed in adult male mice given

O, 305 145 or 700 pg/kg body welght of aflatoxdin By orally

(Reddy et al. 1983),.
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24241420 Turkey.

In situations uncompligated by disease some investlgators
have used diffevent antigens to asgess the effcat of aflaw
toxing on antibody production. »Actording to observations
made My Pier and Heddleston {1970), there was no diminution
in antibody response to Pasteurella multocide in turkeys fed

Ga25«05 ppir of aflatoxin Bl' rler gt al. (1971) observed

no change in antibody level in turkeys given New Castle Dissase
virus vaccine before, during or after 0.5 ppm aflatoxin con-
gumpltion, but a lag in interferon production was noted during
the first 24 hours in zflatoxip fed birds, Densiity gradient

turkey serum {ractiong did not ghor qualitative or quantitative

antibody differences but impaired resistance to Pasteurells

multocida infection in turkeoys vaccinated against fowl cholera

was not negessavily assoclated with antibody, as tho deficitc
could be overcome by giving vacclnatod blods either normel or
irmune serum prior to challenge incculation (Rier g al. 1972).
Tests used to moasure antibody productlon in chese studies
were indirect hsemagglutination, agglutinazion, complement

fixation and precipitation.

In a single study im which a mycotic agent., Aspergilius
fumigatus, was used to infect turkeys fed either normal feed
or feed containing 0.5 ppm aflatoxin, no impairment in preci-
pitin production was noted; in £act, 4 of 12 birds on aflatoxin
diet had precipitine to pspergillus fumlgatus, but none of the
13 birds fed normal f£eed had precipicins (Richard gt al. 1973).



22

242,153, Chicken,

Aflgtoxin caused a highly significani and dose dopendent
raduction in circulating antibodies in broiler chicken (Thamton
and Hamilion, 1971). Adinarazyaniah gt al. (1973) cbscrved no
measurable effent on antibody production against Salmonella
puilorum antigen in chicken fed 18 pg aflatoxin By dally for
73 daysge

In cnilcken fed diets containing 0.625-10 ppm aflatoxin
and given an intravenous injection OFf sheap red blood cells,
thore was a lag in antiboly production during the first nine
days after antigen admindstration (Thaxton ¢t al. 1974). How-
gver, by the twalfth and fifteenth day after antigen injection,
antibody titres of the birds fed the higher levels of aflaw
toxin were grester than those of the controlgs The relative
size of the bursa of Pabricius was reduced by 30% in birds
fed 10 ppm aflatoxin, Similar resulis were obtained in chicken
fad 1D ppo aflatoxin and infosted with one of several specles
of Salmonella (Boonchuvit and ilamilkon, 1975)}. In those studies
aflatonin fed throughout the experimental perlod, caused a
dramatie increase in antisalmonella agglutinins in infected
birds. Tung gt al. (1975) xecorded suppression of the Igs
£fraction chicken f£od afistoxin at dose levels of 2.35-10 po/fy

of fecd, but the IgM level was normal.

Significant decrease in the concentration of serum Ige
and Igh but not IgM ocouryed in chicks fod dletary aflatoxin
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at 2.5 pg/g “ron hatching to four weeks or between two and

four wecks of age (Glambrone gt al. 1978).

The formation of antibodics in chicks against New Casitle
Disease vaccine was adversely affected at 0.2 pom dietary
afiatoxin (Mohiuddin st al. 1981). The HI titre to New Castle
Disease was decroased in layers fod aflatoxin (Boulton gt al.

1982},

Rajasekhara Reddy gt al. {(1982) employed larger doses
of aflatoxin (1«4 prm) in chicks and bursal regression was

observed at the dosce rate of 1.25 ppm and above,

aflatoxln {2.5 po/g) along with ochratoxin {2 pg/g) caused
a significant reduction in the relative weight of the bursa

of Fabricius (Campbell gt al. 1983).
2+2.1.4. Cattle,

aflstoxin By concentration 310 pa/ml significantly
guppressed the Iymphocyte responsivoncss to poke weed miltogen
in vitro, thereby inhiblting the humorsl immunity (Paul et al.
1977) wheresas aflatoxin was not found to exert any ¢ffect on
the antibody production in stesrs £od naturaslly contaninated
malze ceontaining 800 ng aflatoxin per gram feed, for 17.5 wesks

(Richard gt pl. 1983).
2424145, Gonte

The humoral irmunity was lovered in goats fed afilatoxin By

and this rendered them more suscephible to rhinitis and
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pheumonia (Miller et sl. 1984). The gammaglobulin levels

were found o be higher in the aflatorin fed goats.
2e2.1.8. Plgs.

Millex @k ale. (1978) reported that the humoral immunity
was lowered in plgs fed aflatosnin and they were more suscep-

tible to salmonellosis.

24242, BEfect of aflistoxin on phagooybosis.

The role of the ¢ells of the mononuclcear phagoayke
system 1s not completely understood (Van Turth, 1970). Singce
aflatoxin decreased complement actiwvity and complement is
inwolved in the opsonization process an effect of aflatoxin
on phagocytosis by the mononuclear phagocyte system might be
cxpacted (Muller-Bberhard, 1970, 1971).

Michael gk al. (1973) demonstrated an impalrment of the
menonucleay phageoyte system during aflatoxicosis in the
chicken, Lovels of 0, 0.625, 1.25, 2.5 and 5.0 pg of afla-
toxin per gram of fesd were given to ghicken for three weeks.
At the end of the experimental pericd. colloldel carbon was
injected into the birds, and disappearance of the carbon was
determined nephlometrleally on blood samples obtained from the
hirds. The reduotion in clearsnce was significant in those
birds receiving 1.25 pe of aflatoxin per gram of fezed vhercas
5 pg of aflatoxin per gram of feed reduced the clearance to

one-~fourth of the control rate.
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Richaxd and Thurston (1973) demonstrated a decrease in
vhagoaytosis of Aspergillus fumigatus spores by alveclar
magrophages from rabbits given aflatoxin, Rabbits were gilven
daily doses of aflatoxin B, equivalents OFf O, 0.03, 0.05, 0.07
and 0.08 mg for two weeks. Incorporacion of serum from the
rabbits given aflatoxin in the culture system resulted in less
stimalation of macrophages from control rabbits when compared
with vhe same system incorporating control serum, Stimulation
of phagooytosis wvas least when both serum and macrophages from
aflatoxin treated rabblis were used in the culture system.
Chang gt al. {1876} demonstrated an impalrment of phagouytosis
of Staphylocoogus aurens by chicken hetecophils in chicken

given dietary aflatoxin at levels of 0,625 pg/g of feed and
above. Chemotactic ability of leukocytes from chicken given

2.5 Jpg aflatoxin/yg of fead was also inhibited.

Impalrment of phagooytic activity of chicken monocytes
in aflstoxicosis was also reported by Cheng and Hamilton (1978).

2.2.3, Effoct of afleatoxin on eellular imnunitv.

The thyrws and thyrus dordved lymphocytes agpear to be

exceptionally sonsitive € the effccts of aflatowdns By and My
292431, Mice,

Bxposure of adult mice to aflatoxin By at dose rates of
Os 30, M5 or 700 pg/kg body welght orally foc 2-4 veeks

rasulted in suppression of lymphooyte blastogenesis ab all
lavels tested (Reddy gt al. 1983).



2e203.2. Guinea pig.

Chung gt gl. (1970} demonstrated delayed hypersensitivity
reaction against aflstoxin Bys Bys Gy and G, vhen administered
intradermally. Signifilcant suppression of cutaneous hyper-

sensitivity to a Nogardia asteroidgs sensitin in guinea pigs

fed 0.035 mg aflatoxin By an in yitro reduction in migration

inhibltion factor with cultured peripheral blood leukooytes

in aflatoxin recipients was reported by Pier (1981,

Meloughlin ot al. (1984) observed reduction in the number
of T lymphocytes in the perlpheral blood of guilnea plgs fed
aflatoxin at 0.06 mg/kg body wolght daily for three woeks.

2:243: 3. Turkey.

Thymie involution occurred in turkeys fed a diet con-
taining 0.3 ppm of aflatoxin By for two weeks and thils was
likely to affect delayed hypersensitiviiy and graft versus

host roactions (Pler st al. 1972).
242e3uéd, Chicken.

Thymic involution to the oxtent of 55% cccurred when
hirds were dosed with 0.625-10 ppm of aflatoxan (Thaxton

&t al. 157431,

The cell-mediated immunity was suppressed in chicken fed
2.5 Pg/g aflatoxin in the diet from 2-4 weeks of age or Lfrom
hatching to four uesks of age (Giawbrone gt al. 1978). The

The authors also obseorved diminution in hypersensitivity skin
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reaction of delayed type to tuberculin in chicken given afla-

toxin fyom hatching to 7 weeks of age.
2+2+3.5, Cattle.

Aflatoxin concentration of > 10 pg/wml signigicantly
suppraesead the lymphocyte response of cabtle to phytomlitogens
in vitro. Iymphocyte response of Mygobactorium bovis infected

animals to specific antigen PPD was signlficantly suppressed
at aflatoxin concentration of 0.5 pg/mls Fifty to 100 fold
higher concentration of aflatoxins were required %o produce
50% suppression of lymphocyte response to phytomitogens
{PHA, Con A) as compared with that of PFD (Paul gt al. 1977).
A waning of delayed cutaneous hypevsensitivity reaction
was obgerved by Richard gt al. (1983), when steers werg fed

a ration containing 800 ng/y of aflatorine

Afletosin By and §; at concentration of 10 Mo/ml strongly
iphibited lymphoblastogenesis 0f bovine lymphocyhes stimulated
with PHA. Moderate to strong Iinhibition of blastogenesis by
aflatoxin By end its metabolites inhibited T lymphoeyte func-
tion such as killer, helper, effector; or other immune processes
and thus compromised the immunclogical survellliance mechanism

(Bodine gt al. 1984)}.
232+ 3.6+ Horses.

Marked depletion of lymphooytes in the blood was observed
in eguine aflatoxlcosis (Angsubhakorn ek al. 1981},



202.3.7. Pigs.

Miller gt al. (1278) studied the effect of aflatoxnin
on cellular imnunity. It vas demonstraked that pigs fed
aflacoxin gave decreased regponse to mitogen by 3 H Thymidine
uptake and macrophege inhibicion. Decreased cellular response

was showr 4o dermal challenge with llycobacterium antlgen.

vishalakshan gt gl. {(1984) assessed the cellylar response
of plge fed aflatoxin at .15 my/ko body weight for three
months, It wWas obserwved that there wag progressive reducuion
in the total lymphooyte count. The T lymphooyte count assessed
by ANAE technique was found to be appreclably reduced by the
8th week.

2.2.3.8. Man.

Aflatoxin B, inhibited the activicy of human blood
Lymphogyte cultures established with tho additlon of 0.1-200 Fo
of aflatoxin Blfm and stimulated with phytohaemagglutinin,
Afilatoxin also decreased stimulatlon of lymphoaytes by pokent
antigens such as tuberculin and mumps antigen (Savel gk al.
19703 .

2.2.4. Bffegk of aflatoxin on resigtance to digecase.

2.2,8.1. Chilcken.

Broun md Abrabms (1965) consistently isolated Salmonella
from cases of afilatoxicosis In poultry. Subseguent studies

demonstrated that sflatoxin incorporated in the dist at 5 pq/g
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had no significant effect on mortality ln two different breeds

of chickens given oral doses of Salmoneclla gallinarum {(Smith

et al. 1969},

The incorporation of aflatoxin at levels of 0.625 to
10 po/g in the diet of chicken increased thedr susceptibility

to Candida albicans infection (Hamilton and Harris, 1971},

Inhanced infection was determined by measuring the relative
orop welght of the birds. Tung 8t al. (1971) demonstrated
that a smaller dose of 0.625 ppm of dietary aflatoxin could

cause increased susceptibility to infections.

iporeased suscoptibility and mortality due to Zimeria
tenelila infection was found in chickens on diets containing
0,2 ppm of aflatoxin By and 2.5 ppm aflatoxin (Edds gt al.
1973; Wyatt et sl. 1975; Edds and Simpson, 1276). Interagtlon

between aflatoxicosis and natural infection with Salmonellsa

worthington on welght gain was demonstrated (Wyatt and Hamilton,
1975). Increased mortality was reported in chicken fed afla-
toxin at 10 py/g of feed and infocted with cither one of several
species of Salmonella which caused paracyphoid in chicken
(Boonchuvit and Hamilton, 1975}, Gizmbrone et al. (1978)
reported increased incidence of Marek's disease in aflatoxin

fed chicken,

2424402, Turkey.
Pier and Heddleston (1970) demonstrated impairment of

acgulred wesistance to fowl cholera in turkeys f£ed dietary
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aflatoxin at 0.25-0.5 ppm of B; ocquivalents either during or
after the period of immunization to Pagteurella multocida.

The birds did not have protection against challenge although
birds on normal feed or fed aflatoxin before immunization were

protected.

In studies on turkeys in which lew Castle Disease Virus
vaceine was used, theye was no impairment of acquired immunity
{Pler ¢t al. 1971). Richard gt al. (1973) observed no increase

In susceptibility to aerosols of Agpergillus fumigstus in

turkey poults fed z diet containing 0.5 prm of aflacoxin By

aguivalents, Although more birds on aflatoxin diet had visible
airsac lesions, no differences were found betveen exposed birds
on aflatoxin diet and those on normal diet upon histopathologic

examination of lung lesions.

242.4+3, Homster.
Aflatoxin added to the ration of hamstors did not Increase

their susceptibility to Mycobsuterium paratuberculosis

(Larsen gt al. 1975).
2w244ed. Catileoy

In calves fed diet containing sflstoxin B; at 0,.5-1.0 ng/kg

body welght there was enhanced susceptibility to Fasciola

hepatica infestation (Bdds and Osuna, 1976).

2eled 5, Goake
The cell-nediated immune cesponse was found to be

suppressed in goats fed aflatoxin By {Miller et al. 1984).
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2e2+446, Plg.

Aflatoxin By consumption (1.3 mg/pigfday) interfered
with the development of immunity following vaccinatlon with
Ervsipelothrix ghusiopathise bacterin (Cysewski gt al., 1978).
Joens et al. (1981) observed that pigs fed aflatoxin at
0.07-0.14 mg/kg body weight had increased susceptibility to
Treponone hyddveenteriae infection but aflatoxin did not affect
the acquired immunity in plys following recovery from swine
dysentoy.

Finishing swine had mangs in spite of an agyressive
treatment protogol for sorcoptic mange. The feed of these
pigs was found to contain afistoxin B8, (2000 ppb). B, {225 ppb),
Gy {70 ppb) and G, (10 ppb). Many of them had subgutanecus

abscesses and bronchopneumonla slso (Dykes, 1986).

2.3, Bssesspent of immune rosponse

Z+3.1. Bvaluatlion of hugoral 1omung responsc.

2,3.1.1. Quancitation of gamma globulins in che serum.

The gonventional methods to determine gammaglobulins in
the serum were aAmmonium sulphate test, specific method, sodium
sulphate test, zinc sulphate turbidity test and Refragtomcter
method (Papterson, 1967; #cBeath gt al. 1971}, They found a
high worrelation between the Vvelues obkained by zine sulphato
turbldicy test (257) and other methods to detecmine gammaglo-
bulin in the serum.

2 direct relationship between the values cbtained by 28T

and paper electrophoresis in determining the concontration of
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gammaglobulin was recorded by Volvenks {1975). Barber (1976)
eompared the concentration of gammaglobulin chtained by various
methods. He preferred ZST over other tests because of the

accuracy, reliabllity, and simplicity in procedure.

pfeiffer gt al. (1977) compared single radial immno-
diffusion, 25T, serum eloctrophoresis and Refractometer methods
for quantitation of bovine immunoglobulins. Single radial
immunodiffusion proved useful for guantification when either
alags or subclass information was needed. 35T measurements
gave accurate results for total lmaunoglobulin and was found
to be equally relisble as serum electrophoresis but quantita-
tion of immunoglobulins from total proteins was not rellable.
Nandakumar (1981} observed that 25T was useful in evaluating
gammaglobulin in the serum of neonatal kids. Fivaz and Currzel
(1981) used ST for cquantifying total serum immunoglobulin in
diagnosing hypogammaglobulinaemia in foals. A comparison of
globulin levels measured by Z97T methed rsvealed a good corye-

lation with single raddal immunodiffusion readings.

2.3.2. Assegsment of cell-mediated immune response.

243.2,1. 3cid alphanaphthyl acetate esterase (ANAD) activity
as T eell marker.

Li ot al. (1973) demonstrated acid alphanaphthyl acetate
asterase (AMAL) actilviiy in human lymphocytes. The esterase
activity prominent in lymphonytes, especizlly 7T cells was
used as a T cell marker (Mueller gt al. 1975). Later

Osbaldiston gt al. (1978) rocognised that ANAE activity of



lymphooyteg could be used as a T cell marker in dlfferent
specles of domestic animals. They successfully employed the
technlgue in cat, dog, goat, guinea pilg, hamster, rabbit, rat,
sheep and pig. The esterase activity was recognized by the
presence of reddish brown granules or deposits in the cyto-
plasm., Reddl et al. (1980) demonstrated ANAE activity In the
peripheral blood lymphocykes of cattle and this test vas

recomnended for routine use in domestic animals,

Dhingra gt al. (1982) observed that im T cells there was
spherical or oval rediish brown granular ceaction product

adjacent vo the call membrane.

Rajan et al. (1982) used ANAE a5 a T cell marker in the
poeripheral blood of pigs in evaluasting the immunopotentiation

response of plgs sensltized with 2,4~dinltrochlorcbanzenc (DNCB).

Sulochana gt al. (1982) observed that the number of ANAE
positive lymphocytes (26.84 % 2,96) was the same as E-rosette

forming cells (26.57 % 2.05) in the peripheral blood of goats.

The celle-nediated immune responsc in experimental aflae-
toxicosis of pigs was assesscd cmploying ANAL activity in the

peripheral blood (Vishalakshan gt al. 1984).
2:3.2.2. Response to mivogen - phytohasmagglutinin (PHA).

Many mitogens are lectins of plant origin. The first
observations of lymphocyte transformatlon concerned the effacts
of phytohasmagglutinin (PHA), an extract of the red kidney

bean Phaseolus vulgaris {Nowell, 1960). Janossy and Greaves
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{1971) recognized PHA as a P-gell specific mitogens PForcine
T lymphocytes responded well to PHA (RBinns gt al. 1972b;

Hardy ond Ling, 1973; Crumpton et asl. 1978).

suckerman and Lo Buglilo (1977) used PHA as a skin test
for the evaluation of c¢ollular immunocompetence in normal and

cancerx patients respectively.

PHA caused a direct reaction without prior sensitigation
and this test wvas advantageously omployed in evalusting the
gell-mediated immunity in man in recent ysars (Marchalonis,
1978}.

laggacd et al. (1980) reported intra-dermal PHA vesponse

in experimental dodine toxicosis in young cattle,

Thein gt al. (1981) employed both in yitro and in vivo
PHA tests to assess the cell-medisted inmunity in horses.
Thoy reported thab the response o PHA was an indication of

delayed type hypersensitivity reaction.

Rajan gt al. (1982) used PHA for evaluating the cell-
medicted Immmity in goats and recommended this for routine

use.,

PHA was employed by Kelley et al. (1982) to evaluate the
effect of heat and cold stress on the immune system. Reddy
and Rajan {1984) emploved PHA intradermally to asgess the
cell-mediated immunity in cattle bearing carcinoma of the

Lthmold mucosa.



Z.3.2.3. Response to 2,4-dinitrochlorobengene (DNCB).

The cutaneocus sensitigation test with INCB has been conw-
siderod as one of the reliable tests in measuring the celle
mediated immune status in man (Brown et al. 1967; Eliber and

Morton, 1970},

Many workers (Malaviya et al. 19733 Chekravorthy et al.
1973} have reported positive responses in 85 per cent to
100 per cent of normal control subjects. Bruwnerstedi and
Basse (1973) were the {irst to report the nossibility of using

the test to evaluate cell-mediated irmunity in calves.

Jennings (1979) evaluated tne DNCB response in calves,
DNCE skin test was stendardised in cattle by Reddy ai al. (1981).
Subsequently Rajan ot al. (1982) evaluated the efficacy of this
test in goats. DHCB was used for evalueting the cell-mediated
irmmunity in pigs by Rejan gt als (1982), They standandised
the technigue in pigs. In the same year, Rajan gt al., reported
that DNCB induced & generalised stimulation of celle-msdiated
Immune response as indicated by increased number of ANALD pooi-

tive {T colls) in the periphoral blood of pigs.

2+3.3. Agoessment of phagoevtic activitw.

2.3+3.1, Weutrophils.

Bachner and Nathan (1967) oboerved that Nitroblue tetra-
zolium {NBT) was reduced by neutrophlls in vitro and reduction
was enhanced during phagogytosis. This property was used as

an indicator to assess the »hagocytic activity of neutrophils
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in man (Park et al. 1968). In man B.5% of the neutrophils
were positive and was increased to 29-47% in bacterial infec-
tions. Bacterial products like endotoxin enhanced the phago-

oytic property (Park and Good, 1970),.

Sara {1975} employed the WBT test to assess the function
of neutrophdls in the periphersl bleood smear of normal and
animals ailing £rom mastitis and in caprine pleurc pneumonia
cases. It was ohserved that the number of MBRT positive cells
increased during infections. Xhalifa gt al, (1984) used NBT

test for detecting phagocytic activity in adult rats infected

with bactevia.
2+343.2. Macrophages.

Hedley and Currxie (1978) used NBT test to assocss the

fungtion of the peripheral blood monooytes of cancer patients.

Reddy and Rajan (1984), for ihe first time employed NBT
salt reduction test Lo assess the funcilonal activiyvy of acti~
vated macrophages in the impression snrears of lymphnodes

obtainad £ron Dihmoid tumcur bearing animals.






MATERIALS AND METIODS
3.1. Production and guantification of aflatoxin

Aspergilllus parasiticus obtained firam the Central Food
and Technological Rosesrch Institute, Mysore, was used for
prepacing rice culturce, The method described by Shotwell
@t al. (1966} wuas adopted for the production of aflatoxin in
the laboratory. The toxnin was extracted as per the method of
Pons and Goldblatt (1969). The coneentration of aflatoxin was
determined by Thin layer chromatography employing minimum

fluorescence extinction method (a0aC, 1975).

3+1.1. Biological assay for aflatoxin.

Day-0ld Khaki Carmpbell ducklings welghing 45-50 ¢ procured
£rom the Duck Farm, Niranan were used for the study. FPive
ducklings were fed crude aflatoxin extract in propylens glycol
orally by means of a thin flexible polyethylcne arop tube at
the dose rate of 30 pg/duckling. Five other ducklings kept
as gontrols were fod pure propylene glycol. The ducklings
were maintained on aflatoxin free diet, The gross lesions and

histopathology of liver of the ducklings that died were studied.
3.2. Exporimental design

Twenty, clinically healthy Large White Yorkshire male
plglings of 2-3 months of age kelonging to the Plg Breeding
Farm, Mammuthy werg randomly sclected for the experimont. The

pigs were kept under opservatlon for two weeks befors
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commencenent of the experiment during which period they wege

sareoned for cormon parasitic diseases and other ailments.

The ratlon schedule followed in the farm was adopted for
these animals. Every consignmont of the feed was soroened for
aflatoxin befors feeding it to the plys,

The animals were assigned at random to thres trestment
groups: Group I and Group 1T consisting of seven animals cach
and Group IIT consisting of sim animals. The plgs were housed
in separate peng For convenisnce of individual feeding, Group T
and Group IT were given 0.1 and 0.2 milligrams of crude afla-
toxin per kilogram body weight dally and Group IIT was kept
as control. The aflaboxin was mixed with the ration of each

animal and vas fed orally for a period of thyes monthsz,.

The body welght of the animals was recorded bhefore commence-
mont of the experiment and subseguently at forunightly intervals,

The daily feed intake was also recoxded.

3,3, Haemahbologleal studies

Blood samples from all the anlmalst vese collected from
the antecior vena cava before commencement of the experdmont,
48 nours oafter the administration of toxin, and thereafter at

ton days interval for S0 days.

Procedures described by Schalm {(1975) were followed for
the determination of total orythrooyte count, erybhrooyte
sedimentation rate, packed cell wvolwme, haemoglobin, total

and differential levkouyte counts. Absolute counts of



nentrophils and lymphocytes vere calceulated f£rom the values

ohtained.
3.4, Aggessment of cell-mediated lmpunse status

3,4.1, Enumeration of acid alpho naphthyl acetate esterase
(amar) positive lvmphooytes in the peripheral blood.

Wet smears prepared £rom the peripheral blood, wore ilmme—
dintely fixed. The f£ixative contained six parits of acetone
and four parks of C.038 M saodiwr citrate (pH 5.4), The smoars
were kept in the £ixetive £or 30 geconds, rinsed in distilled
water and dried. The labelled smears wvere stored at room
tempexature (Giocrno and Beverly, 1980). TPFor staining the

smears, a reaction mixture was prepared as follows:

In 49 ml of 0.067 M phosphate buffer (pH 5.0), 2.4 ml of
hoexazsotised oararosaniline and 10 mg of alpha naphthylacetate
{(Loba) dissolved in 0.4 ml acetone was added and the final pH
of the reaction mixture was adjusted Lo 5.8 with 2 N sodium
hydroxide.

The hexazotized paravosaniline was prepared in the

£following mannexrs

BEeuial volumes of two solutions (1) freshly prepared 4%
sodium nitrite in distilled wator and {2) once gram of para~
rosaniline hydrochloride {(3igma Chemicals) dissolved in 20 ml
of distilled water and 5 ml of 12 N hydrochloric acid were
coambined. The hexazotized pararosaniline which formed was
shaken and chen allowed to stand for ong minute before adding

it to the reaction mixture (Hnowles et al. 1979).



The slides were incubated in the reaction mixbture for
18«21 hours at room temperature and then rinsed thoxroughly
with distilled weter and then counterstained with 1% toludine
blue for 45~60 ninutes. The slides were then rinsed thoroughly
with distilled water, dehydrated in ascending grades of ethyl
alecohel, cleared in xylol and mounted in DPX and examined
under oil immersion objective of a microscope. Those lympho-
cytes with localised ozangs and nodular zsaciion pcoduct in
the oyvtoplasm were considered as positlve colls (T lywhocytes).
The number of positive cells in ever: hundred cells was counted

and recorded.

3.4,2. Cutancous hypersensivivity resctiops.

3.4.2.1. Response to phyto haemagqlutinin- (Pi-1).

At the end of two monchs of the expervimentzl perlod the
celiuvlar resporse of hoth aflatoxin fed pigs and the controls
was evaluated using FHA-M, The method describked by Rajan gt al.

{1982} was employed.

Ten microgrammcs of PHa-Y (Difco Laboratorles, USA) vere
dicsolyved in 0.1 ml distilled water, The site chosen was the
back of the ear where cthe skin wvas comparatively loose. The
hairs over the area werc clipped. Tvo altes ucre marked for
injecting PHA., The thicknoess of the skin at these tvo sites
was measured using o vernier caliper. AL each site 0.1 nl of
distilled water gontaining 10 pg of PHA-M wag administered
I/D. 7The skin thickness at these sites were meagurced at 24,

and 48 hours. Picces of skin vere taken Zor biopgy at the
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same intervals and fixed in 10% formalin. The blopsy specimens
ware processed for histo-pathological studics by the routine
method and sections vere cut at 4~5 1 thickness and stailned
with Haerris haematoxylin and eosin (H & B)., The histologlcaal

changes were studied.
3.4.2.2. Cutancous response to 2.4-dinitrochlorcbenzens (DNCB),

on the 70th day of the oxperiment, the cell-mediated
immune response of the plgs o 2,4-dindtrochlorchenzene (DNCB)
was evaluated. The method describod by Rajan ot al. (1982) was
followed.

The site selectod for sengitilsation and challenge was
near the base of the ear towards the head. All the animals
were sensitlsed on che left side and challenged 14 days lager
on the right side. The area was shaved and a three centimeter
dlameter area was demarcated by holding a metal x»ing on to the
gkin at the sikte. The sensitation dose was a single spplica-
tion of 0.25 ml of 2% DNCB {Loba~Chemiewien Fischamend) in
aeetone to each of two 3 om dlsmeter sites. The DNCE selubion
was applied slowly drop by drop and allowed to evaporote
quickly by blowing. The metal ring was kopt at the site until
the solution evaporated. The preparation of the glte, the
mode of zpplication of DNCBE golution and the dose for challenge

ware exactly the same as for gensitization.

The thickness and diametar of the skin at the two sltes

kefore challenging and at 24 and 48 hours after dhallenge were



42

measured. Skin blopsies at 24 and 48 hours werea taken from
four animals for histological studies., The tissues were
fixed in 10% buffered foxmalin and paraffin sections cut at

4~5 u weze staincd with haematoxylin and eosin,
3.5. Evaluation of humoral immune response

3.5.1, Determination of total protein In the serum.

Total serum proteins were estimapted by the biuret assay

method of Inchiosa (1964).

3.5.2. Determination of gammaglobulin in the sezum.

zZine sulphate turbidity test described by MoSwan gt al.
{1970) was £ollowed with suitable modifications. The medifi-
patlons were similar to those followed by Nandakumazr (1981)

for evaluating the gammaglobulin in tha serun of kids,

3.6, Assessment of phagocytic actlvity by
Nitro blue tetrazolium salt (NBT) test

3.6.1. y_e__utrogghils.

Tho procedure described by Peacock and Tomar (1980) was
followed to assess the phagooytic activity of neutrophils

in vitre, using Nizroblue tetrazolium (¥BT) dye reduction test.

The dye golution was prepared by dissolving six milli-
grams of Nitroblue tetrazolium (Sisco Research Laboratories,
Bombay) in 2.5 ml of nommal saline. Heparinised blood was
used for the test and the test was performed immediately after

blood collection.



Equal volumpes of the dye solution and blood were mixed
in a polyethylene container and incubaked at 37°C for 30
ninutes. Smears were propared in duplieate; oir drdied and
stained with Wright's stain. Those neutrophils with blue-
black (Formagan) deposits in the aytoplasm were counted as
poaitive, The mmber of positive cells in every hundred
neutrophils werc couwnted. The percentage of positive cells

was calculated and recorded.

3.6.2, Hacrophages.
The dye solution was prepared as above. The method of
Reddy and Rajan (1984} was adopted and the NBT dye reduction

test was perfommed on the lymph node impression smears in yitro.

Inmediately after death or following slaughter, the
prefemoral lymph node on one side was dissected out. The lymph
node was cut across with a clesn blade, The surfage was
blotted and impression smears propared from the out surface
on clean glass slide,. The glass slilde was kept in a Petri-dish
and the NBT salt solution was poured over the impression smears
and incubated at 37°C for 30 minutes. During this period care
was taken not To allew tha solutlon o evaporate by kesping
modist cotton in the petvi-dish. Aftor incubatlion the smears
were kept at room temperature for 15 minutes and then stained
with Wright's stain. The cells in the smears were examined

for the NBT positive macrophages with formazan deposits.

Two hundred macvophages were identified based on their



morphological gharacters. 7The proportion of MBT pesitive and
negative cells was counted, The NDT response was expressed

a8 pexcentage of macrophages containing formagan deposits,
3.7, ¥Marbid anatomy and histopathology

At the end of the experiméntal period all tho experimental
39 vell as the vontrol animals wers sacplficed and subjected to
dekailed post mortem examination. The method advocated by
FAC/SIDA (1968) was followed for post meortem. Aunlmals that
died during the experimentael period were alsd subjected to
detailed post mertem. 7The gross lesions were recornded. The
weights of liver, kidney, spleen and heart were recorded.
Representative samples of tissues collested from various okgans

of all the animals wrere fiwxed in 10% formalin.

For histopathologleal studics, tissses were processed
ky the routine method. Paraffin sections cut at 4-5 p chigk-
nesg were stained vith larri's haomatoxylin and eosin as des-
sribed by dSheehan and Hrapchel (1980), Besides this, special
stalning teghnicgues {Van Glesun's pleorofuchsin, Gridley's
modification of silver impregnation method of svalniag reti-
cular fibraes) were employed vherever neccssary. 7The procedures
desoribed by Sheshan and Hrapchek {1980) were followed,

Yor the demonstration of f£at in tissues, the Zrozen sec-

tions were stained with Suden III (Ldllie and Fulluer, 1976).
3,8, Btatigtical analysis
Statistical analysis was done using students 't test

according to the mekhod described by Snedecor and Cechran (1967),






RESULIS

The immunopathological response of piglings dosed with
aflatoxin at two lewvels (0.1 mg/kg body weight and 0.2 mg/kg
hody weight) was studied for g period of three months and the

results verce compared with age matched control piglings.
4.1. Quantification of aflatoxin

The concentration of aflatoxin produced on rlce culture
and guantified by thin layer chromatography, on an average

ranged from 95-105 pg pér gram.

4,1.2. Biclogical agsay for aflatoxin.

The ducklings dosed with arude aflatoxin died within
3«4 days with diffuse haemorrhages in all the visceral organs.
The characteristic histologic findings were bile duct hyper-

plasia and haemorrhage in the liver.
4.2, General findings

The quantity of aflatoxin fed to sach pigling of
Group I and Group IT and the period of survival of each animal

in these tuwo experinmental groups are shown in tablie 1.

The piglings vhich were administered aflatoxin showed
depression as compared to the healthy controls. During the
experimcental period of 90 days, one plg of groug I died on
the 72nd day and five pigs of ggoup II dicd om the 21lst, 23rd,
87th, 77th and 85th day of the experiment.



Table 1.

Detalls of aflatoxin administered to the pigs

Group I (0.1 mg/kg body welght)

Group IT (0.2 mg/kg hody weight)

Sl.
Ho. Numbor of  Total afla- rate Number of Total afla- Fate
days toxin admi- days toxin admi-
nistered (mg) nistercd
(mgy)
1 72 142437 Died 21 63 Nied
2 90 108.7C Sacrificed 20 259,24 Sgcerificed
3 20 122.2 Sacrificed 77 231.56 Dicd
4 30 138.18 Sacrificed 23 41.4 Died
5 90 144.6 Sacrificed &7 124,0 Died
& 90 179.32 sSacrifliced a5 134.56 Died
7 s] 2203.8 Sacrificed 90 180.52 Sacrificed
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ALl the aflatoxin fed pigs contracked sarcoptle mangs
infection towards the latter part of the experimental period
while the control group of pigs maintainsd under identical

management conditions remained healthy.

4.2,1. Body weldht.
The mean body welghts (kg) at fortnightly intervals of
both the aflatoxin fed groups and control groups are gliven

in Fig.1(a)

Animals in the control group showed a gradual increase
in the body weight £rom an indltial 9.71 1 0425 kg to 32.36 3

2,41 kg by the 90th day.

Groupy I animals recorded a gradual increase in body weight
Erom 13.14 % 0.94 kg to o maxlmum value of 22.33 i 2,85 kg by
the 90th day. The reduction was significant (P 0.05) f£rom
that of the control animals on the sixth fortnight and on the

90th davy.

The bedy weight of group IT animals incwreased gradually
from an initial value of 10:42 x 1.21 kg to 13.6 x 2.41 kg on
*he 90th day. Theras was a significant (P < 0.05) reduction in
wvelght from thac of the control group €rom the thirxd fortnight

onwards.

4,2.2. Teed congsumption.

The average feed consumption {(grams/plg/day) of the
experimental and control animals at ten days interval is

shown in Pig.1i(b).
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It was observed that the afiatoxin fed pigs consuned
less fecd compared to the control pigs. The decreased feed
conmumption vas more marked in group IY plgs given the higher

dose.

4,3. Haematological studies

The haematological parameters recoxded gt different time
intervals of bhoth the experimental and control group of pigs

are sebt out in table 2.

443.1, Brythrocyte sedimentation rate.

The dala on LSR are shown in Fig,2. The ESR of the con~
trol animals ranged £rom 9.00 i 1.00 mwv/h to 13.16 % 0.60 sm/h

during Lhe experinental period.

In Croup I animsls, a gradual increase was obsarved from
the initial value of 5.86 i 1.18 mm/h to 20.50 + 1.36 mw/h by
the 80th day. The values were significantly higher (P< 0.05)

than that of the conbrol animals on the BOth and 90th day.

In Group II animals, the ESR walues showaed a rapid
increase £rom 4.29 & 1.43 rm/b to 13.492 & 0.92 mv/h on the
10th day. Following a transicnt decrease on the 20th day
{11.86 + 1.20 mw/h). the volues increased to 29.00 = 1.00 mn/h
on the %0th day. The ingrease in ESR values was significant

{P <0.,05) from the 10th day onwards,

463.2. Packed cell volume,

The PCV values are represented in Flg.2. In the control
animals, the PCV valuos ranged from 38.00 # 0.67% to 40.16 +

0,48% during the experimental pericd.



Table 2. Haemogram of the control and experimental pigs (Mean + S.E.)

Interval in days

Parameter Group
0 2 10 20 30 40 50 60 70 80 90
& 9.00 10.16 9.83 10.66 10.66 11.83 13.16 11.83 12.16 11.83 12.16
+1.00 #1.01 +0.47 40.61 #1.02 #1.07 +0.60 40.87 0.65 +0.54 +0.65
ESR x 5.86 8.42 9.14 9.57 10.71 10.57 11.57 12.43 14.43 16.50* 20.50*
{mw/h) +1.18 +1.58 +1.07 20.52 $0.42 +0.64 +0.65 40.78 +1.25 +1.47 +1.36
I 4.29 9.86 13.49* 11.86 14.40*  14.80* 16.20* 17.60* 19.25* 25.67* 29.00*
+1.43 +1.60 +0.92 +1.20 40.50 40.37 +0.58 +0.75 +0.48 +1.20 +1.00
c 38.00 39.33 39.33 39.50 40.00 40,16 39.67 39.50 35.83 39.83 39.50
+0.67 +0.49 40.33 +0.43 40.58 +0.48 40.33 +0.34 +0.30 +0.30 +0.42
pPCV I 39.00 39.57 38.71 37.71¢ 36.43* 36,43 35.71% 34.14* 34.14* 32.16* 30.83*
(%) 40.53 40.69 +0.60 $0.52 0.43 40.43 40,52 +0.59 +0.59 +0.40 +0.48
II 38.00 39,00 37.57* 36.29* 33,20%  32.20% 32.80* 30.80* 28.25% 27.00* 25.50*
+0.78 40.70 +0.64 40.68 20.37 40.37 40.58 +0.58 +0.85 +0.57 +0.50
c 12.87 12.90 12.87 12,90 13.03 13.10 13.16 13.16 13.26 13.13 13,06
+0.17 +0.21 40.15 40.08 +0.17  +0.15 $0.12 $0.15 +0.16 +0.13 +0.15
Hb I 12.69 12.71 12.66 12.51 12.24* 11.97* 11,71+ 11.53* 10.89* 10.67* 10.10*
(g/a1) +0.20 40.20 40,17 +0.19 $0.17 20.11 +0.13 +0.15 +0.16 +0.18 4+0.15
I 12.71 12.69 12.49 12,23* 11.58* 11.28* 10.76* 10.32* 9.35 8.60* 8.30%
+0.29 +0.27 +0.19 40.19 #0.21 40.24 +0.17 +0.19 +0.22 +0.11 +0.10
c 6.47 6.61 6.61 6.63 6.70 6.70 6.73 6.61 6.65 6.71 6.65
40.11 +0.08 +0.07 40.08 30.09  +0.07 +0.06 +0.05 +0.05 40.07 +0.05
RBC count I 6.56 6.63 6.49 6.33 6.08* 6.07* 5.94* 5.70* 5.72* 5.33*% 5.10*
(106/}11) +0.09 +0.11 40.11 40.09 40.09 40.07 +0.10 $0.10 +0.10 +0.08 +0.07
IT 6.43 6.53 6.29* 6.,05* 5.72* 5.34* 5.48* S5.14* 4.90% 4.57* 4.30*
4+0.13 40.11 +0.10 40,11 40.25 +0.07 +0.11 +0.07 +0.09 +0.09 40.01
C - Control, I - Group I, IX -~ Group IIX * PL0.05

6%
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in Group I animals, a gradual increase from the initial
value of 39.00 + 0.53% to 30.83 i+ 0.48% was observed by the
90th day. The decrease was significant {P< 0.05) compared

o the control animels from the 20th day onwards.

In Growp II animals, from the initial value of 38.00 %
0.66% a decrease to 25,30 + 0,50% was ohsecved by the 20th
day. The variations £rom the control valuves were significant

(P < 0.05} from the 10th day onuards.

4.3.3.« Haemeglobln concentration.

The haemoglobin congentration of the ewperimental and

cantrol groups of pigs ls shown in Pig.2.

The haemoglobin concentration in the control animsls
vanged from 12.87 % 0.17 g/dl to 13.26 % 0.16 ¢g/dl during the

oxpordimental period.

In Group I animels, f£rom the initial value of 12.69 %
0.20 ¢g/dl, the haemoglobin concentration decreased gradually
to 10.10 + 0.15 g/dl on the $0th day. The variatlons were
significant (P¢ 0.08) from that of the control animals £rom

the 30th day onwards.

Crowp II animals also regorded a lower value f£rom an
dntedal value of 12.71 % 0.29 g/Al Lo 8,30 # 0.10 g/dl on the
30th day. The variations were significant (P ¢ 0.05) from the
20th day onwards.

4.3.4, Total ervihrocyte count.

The total erythrooyte count of the experimental groups I

and IT and the contzol animals is shom in Tig.2.



" < P Selid Vg
< 689 664 g
5, &

&;
St

The total srythrocyte count in the control animals

ranged from 6.47 % 0.11 million/ul to 6.73 % 0.06 millian/pl
during the experimental perlod of 90 days.

In group I animals, £rom the iniuial value of 6.56
0.09 million/pl, & gradual decrease to 5,10 % 0.07 million/pl
was observed by the 90th day. The values from the 20th day
onwards shoved a significant reduction {Pg 0.08) Zrom that of
the control animals.

In group II animals, £rom the initlal value of 6.43 %
0,13 million/pl a decrease to 4.30 % 0.01 million/pl was
ohserved by the 50th day. The vaciztions from the control
values wexe significant (P< 0,.08) from the 10th day onwards.

4.3.5, Total leukooyte count.
Figure 3 illustrates the leukcoyte responce. The
Mean & S.B. leukogram of the control and experimental plgs

is ropresented in table 3.

The total leukooyte count of ihe control animals xanged
from 12.97 £ 1.37 (10°/pl) to 18.67 % 1.80 (10°/pL) during
the experimental period,

In group I animals, the values were at a higher level
throughiout the experimental period. From the initial value
Of 13,06 £ 3.03 (10%/pl), a masximum of 22.37 £ 3.08 (10°/pL)
valuo was observed on the 80kh day. This was followed by a



Table

3. Leukogram of the control and experimental pigs (Mean i S.E.)

Interval in days

Parameter Group
o 2 10 20 30 40 50 60 70 80 20
c 16,39 14.46 13.38 12.97 14.46 14.38 15.27 16.75 16.87 18.67 15.28
41.95 +1.69 +1,.55 +1.37 +1,63  +1.65 +1,76 +1.46 +1.80 +1.01 +1.86
Total x L b4 & .2 -2 L3 x k.4 L2
,l:oun"“]f"’ te b 4 15.06 16.81 16,78 16.27 17.65 15.83 15.84 17.17 20.37 22.37 18.53
‘103/}‘1) +3.03 42,21 +0.95 $0.77 42,37  #0.99 +0,.84 +1.37 +2.50 +3.08 +2.89
1z 16.02 14.92 20.54 18.74 19.39 25.29* 21,34* 18.35 17.90 34,38*  22.20
+1.76 #1.50 +1.92 42.20 41,86  +4.56 +1.62 +1.27 +2.84 +9.20 +0.49
c 5,63 5.07 5.08 4.54 3.41 3.81 5.10 5.30 5.06 5.64 5.35
Absolute 40,93 20.59 40.57 40.53 40.65  +0.58 40,68 40.62 +0.61 0456 0.98
neutrophil
count. I 4.57 4.33 4.48 4.57 6.25 5.88 5,31 5.39 7.52 5.24 7.43
“"3/}‘“ 40.97 #0.55 0.7 +0.62 £2.25  40.78 +0.55 $0.75 +2.86 #1.01 +1.85
II 5.74 5.10 6.30 8.93 7.01*  9.15* 8.85* 6.88 8.39 23,93*  11.54%
40.74 40.81 41,13 +2.51 41,30  #1.83 #1.18 +1.25 +1.58 +11.74  +1.08
c 9.83 8.97 8.03 7.67 10,10  10.08 8.87 10.80 10.69 11.83 9.30
Absolute +1.20 +1.18 +1.06 40.60 40,90  40.95 +1.02 41.03 +1.21 +1.30 +0.90
dymphocyte
count b < 9.16 12.08 11.76*  11.34*  10.99 9.33 10.42 11.15 12.54 16.01 10.84
(103/91) #2.59 +2.18 40,88 40,53 +1.24  40.83 30,52 40,90 +1.69 32.29 +2.65
II 9.59 9.31 13,28* 9.48 11.87  15.30 11.89* 10.40 8.14 8.87 10.10
+1.08 +1.00 +0.83 40.86 #1.86  +3.54 +0.44 41,37 +1.06 +1.80 40.80
c 23,00 24.33 24.83 24.33 22.16  22.33 22,83 23.16 23.66 23.83 38.33
mnu #.15 0.7 40.60 $0.61 $0.54  10.56 +0.70 40.48 40.42 40.47 +0.66
positive
lymphocytes z 23.28 23,00 22.42*  23.00 21.00  20.71*  20.42*  20,28*  21.28%*  19.66*  25.83*
(%) 1.4 30.90 40.65 +0.81 20,69  10.42 +0.57 40.42 #0.52 40.56 +0.60
Iz 22.28 23.28 23.14 22.14*  20.80  23.00 19.40* 18.60%  13.25*  11.66*  17.50*
30.56 20.52 40.59 +0.67 40.58  10.70 +0.50 #0.59 0.85 +0.33 +0.50
C « Control, I - Oroup I, II - Group IX * PL0.05
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reductlion to 18.53 % 2.89 (10°/pl) on the 90th day. The
values vers not statistically significant £rom that of the

gontrol values.

In group IT animals, from the initlal value o©f 16.02
1.76 (103/]11). a2 higher level was maintained with the values
reaching a maximum of 34,38 & 9.20 (10°%/pl) on the 80th day
folloved by a reduction to 22:20 % 0,42 (16°/ul) on the Soth
day. The variatlons were significant (P <0,08) from that of
the concrol values on the 40th, 50th and 80th day.

4.3.5.1. Abzolute neutrophil count.

The absolute neutrophil count of all the groups of
animals 1s shown in Fig.3. The absolute neutrophll count of
the control animals decreasced from the Initlal value of
5.63 £ 0,93 (10°/j1) to 3.41 % 0.65 (10°/pl) en the 30th day
followed by a transient increase on the 40th day to 3.81 %
0,58 (103/}11.}. Thereafter, s higher level in the range
5.06 + 0.61 (10%/p1) to 5.64  0.56 (10%/pl) was maintained

£311) the end of the sxperiment.

Group I animals, a higher level was malntained throughout
the expecimental perded, The values ranged from 4.57 £ D.97
(103/]:.1.) to 7.52 & 2.86 (103/}11.). The variations £rom the

conkrol values were not siondficant.

In group II animals, the absolute nentrophil count main-
tained az higher level thyoughout the experimental period.
3
From the inltial value of 5.74 4 0.7 {10 /pl) the value
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reached a mawdmum of 23.93 + 11.74 (10%/kl) on the 80th day
and thereafter it decreased to 11.54 + 1.08 { 103/;11) on the
90th day. The vaviagions from the gontrol values were signi-

£icant (P<0.05) on the 30th, 40th, 50th, 80th and 90th day.
4,3.5.2, Absolute lymphooyte gounts

The absolute lymphooyte count of all tho groups of
animals is set out in Fig.3. From an initial value of
P83 & 1.20 (103/}11) in the control group, the values decreased
o a minimum of 7,67 & 0.60 (103/}11) on the 20th day. This wase
followed by a gradual ingrease uith the values reaching a
maximum of 11.88 & 1.30 (10°/j1) on the E0th day. Thereafter,

1t shouved a decrease btowards the lnitial wvalue.

In group I animals, a higher count was maintained, Prom
the initial value of 9,16 2,59 (105/jl) the values reached a
mascimm of 16.01 4 2.29 (103/p1) by the 80th day. This was
Followed by a decrease to 10.84 % 2.65 (103/}11) on the $0th
day. The variations from the control values were significant

(< 0.05) only on the 10th and 20th day.

In group II animals, the absolute lymphocyte count
increased From the initial value of 9.59 % 1.08 (10°/pl) to
13.28 & 0.33 (103/pl) on the 10th day. The values then decreased
40 9.48 £ 0.86 (1@3/';,11) on the 20th day folloved by an increase
reaching a masimum of 15.30 % 3.54 (10°/pl) on the 40th day.
Thereaftoer, the valuos gradually decreased reaching a minimum
of B.14 x 1.06 (103/ul) on the 70th day and increased to
10.10 + 0.30 (103/pl) on the 90th day. The varistions from
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tha control values were significant (P< 0.08} only on the

10th and S50th day.

4.4, Asscssment of cell-mediated fmmune response

4.4.1, Distzibution of T lymphocytes in the peripheral blood.

Alphanaphthyl acetate esterase (AIRE} activily in the
peripheral blood lymphoaytes of all the animals was demon=
strated to assess and evoluate the distribution of T lymphoe

cytes.,

Cells which revealed one or two well defined reddishe
brovm nodular reaction produgt at the periphery of the cyto-
plasm cloge to the ¢ell membrane were counted as T lymphocytes
and those which did not possess the reagtion producc were
taken as other Lymphocvies. The monogytes, neutrophils and
eosinophils also showed slight esterase activity buh the
reaction was generally Aiffuse and lymphocytes could be dis-
tinguished from them by other morphologlcal features (Fig.4).

The percentage of ANAE positive cells of the control and
oxperimental animals at diffevent tims intervals is represented
in table 3 and shown in Iig.3, In the control animals, the
values ranged from 22.16 £ 0.54% 0 24.83 + 0.60% till the
80th day. On the 90th day vhe value increased £o 38.33 i+ 0.66%.

In group I animals, the value decreased gradually £rom
23.28 % 1.34% to 19.66 X 0.56% by the 80th day and it increased
to 25.83 # 0.60% on the 90th day. The vardiations from the
control values were significant (P< 0.05) on the 10th day and

from the 40th day onwards.
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In group II animals, from an indtial count of 22.28 %
0.56% the valua decreased to 11.66 i 0.33% on the 80th day.
The values increased to 17,50 & 0.30% on the 90th day. The
variations from the control values vers signlficant (P < 0.05)

on the 20th day and f£rom the 50th Qay onwvards.

4.,4.2. Cutaneous hypersepsitivity reaction.

4,4.2,1., Response to phytonaemagglitinin-M (PHA-M).

Cutangous rasponse ko PHA~M was evaluated on the 60th
day in all the animals except in group II in which only five
animals out of seven could be evaluated, the other two died

within 60 days.

The skin induration developad aftey 24 and 48 hours of
administration of PHA in the experimental groups I and I was
compared wich that of the controls. The blometry of the skin
thickness ie documented in table 4. The measurement of skin
thickness at 24 and 48 hours revealed significantly lesser
response (P< 0.05) in both the experimontal groups when com-

pared to the controls.

Histopathology of the skin

Twenty-four hours post-inoculation

Slight to moderate focal infiltration of mononuclear
cells was observed in the epldermis and in the dermal layer.
The cells were mostly lywphooytes with a few macrophages inter-
mingled with them. Occasionally neutrophlils were also scen

wove.
scattered among chem. The inflltration of cells was mostly



Table 4. Biomotry of the skin thiclmess before and after admindistration of
PHh=F {Mean & 5.50.)

Thickness beiore Increase in Increase in thicle
challenge (mm) thicknass neses after 48 hours(mm
after 24 hours (mm)

Control 2.00 £ 0.Q0 2.58 + 0.15 1.87 + 0.00

Group T 2,00 £ 0,00 1.71 3 Qall* 1.14 3 0.00%

Group IT 2.00 + 0.00 0.95 + 0.05* 0.30 % D.O0%
* P& 005
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confined o the upper layer of the dermis. There was varying
degree of oedema. In some of the sections the lymphocytic
infiltration was more around the hair follicles. The sevexity
of the reactlion was less in aflatoxin f£ed groups, The least

response was seen in group II animals (Fig.5-7).

Fortv~eight hours post-inoculation

Cellular changes appearod more intense,., Mononuclear
inflltration was nmere diffuse and excended into the deeper
layers of the dermis algo. At places focal collection of
these cells were seen. Capilllary congestion and perivascular
infilvration of lymphocvites and cedema were also evident. The
cellular response was less intense ain group I and least in

group ITI animals as compared to the controls (Fig. 8-10%1.
4.4.2.2, Response wo 2,4~-dinitrochlorobenzene (DNCB).

The test was conducted on tho 80th day of the experiment.
Group I consisted of six animals and group IT only two animals,

sinco the other animals in both the groups had died earlier.

Afger application of the sonsitizing dose there was slight
reddening of the arca indicating mild local reaction which
subsided on the next day. The blometry of the skin thiclkness
and tne diamater follouing DNCUB application are shown in

table 5.

Twenty-four hours after administering the challenge dose
all the animals showed reaction. The area appeared indurated.

The skin thickness of the experimontal groups I and IT was






Table 5. Blometry of the skin thickness and diameter hefore and after challenge
with DRCE {llean x S.E.)

Thickaess Increass in thickness  Diameter Increase in diameter

bafore after challenge (mm) hefore after challenge {mm)
challonge challenge
{ram) 24 houcs 48 hours {mm) 24 hours 48 hours

Control  4.83 # 0.15 10.67 + 0.43 8.7040.50 3.00#0.00  2.92 £ 0.15 2.25 % 0.21
Group I  4.78 £ 0.15 7.48 4 D.18% 6.1040.25% 3,00£0.00 2,36 % 0,20 1,85 % 0,19
Group II 4,52 + 0.07 5.98 £ 0.57% 5,1031.45% 3,0040.00  1.52 + 0.00*% 1,00 % 0.00%

* P g 0.05
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significantly lower (P<0.05) both at 24 and 48 hours when

compared to the reackion in the control group.

Phe increase in the dlameter seen at 24 and 48 hours in
group I snimals was less than the control animals but was not
statistically significant, The increase in dlameter at 24 and
48 hours in the group IX animals was significantly low

{P< 0.085) when compared to the control group.

Histopathology of DNCH reaction

Twenty-four hour post-challengs

The foral and scattered infiltration of mononuclear cells
mainly made up of lymphooytes wera observed in the epidermis
and upper part of the dermis. Moderate number of macrophages,
a few neutrophils and eoginophlls were alsc ssen intarmingled
with them. Infiltration of these cells was mostly seen in the
perivascular reglon. There was gongestion of caplllaries.

The cedema separated the muscle bundles in the dermal layer.

In the experimental groups the cellular response was of
similar type but the reaction was less intense, The ccdema
and perivascular accurmlation of @olls were less pronounced

{Pig., 11-13),

Forty—aight hour postechallenge

The ¢ellular infiltration was more diffuse and intense *

There was pronounced accumnlation of lymphocytes and macro-

phages in the perivascular location but vascular changes vere
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loss. In a few sectlons sapillary congestlon and slight

oedema were obtill discernibile in the dermal layer.

Although the pattern of histological resotion was iden
tical in the toxin fed groups, the degrae of response in
group IT animals was relatively much less as evidenced by
the less amount of cellular infilirate and oedematous change

(Fig.14-16).
4,5. Dyaluation of humoral immune response

4.5.1. Deterpination of total protein in the sormim.

The mean concentration of total serum proteins deter-
mined by the biuvet method at difforent pericods is set out in
table 6 and is also shown in Fig.17. The total protein con-
centratlon in the control animols ranged from 6.60 + 0.10 g/dL
to 6.76 x+ 0,09 g/dl during the ewxperimental period of 90 days.
The total protein concentration decreased Srom an indiclal value
of 6,54 % 0.13 g/dl Lo 5.31 & 0.28 g/dl in group I animels
and in group IT animols from 6,61 & 0.13 g/f4) to 4.30 + 0.00 g/dl,
on the 80th day. The varlations from the conbrol values were

significant (P<¢ 0.08) f£rom the 20ch day onwards.

4.5.2. Determination of cemmagiobulin in the serum.

The data on mean gammaglobulin concentrztion of the con-
Erol and ewperimental groups abk different periods are set out
in table & and are illustrated in fig. 17, In ghe control
animals, the gammagiobulin concentration decrgased from an

initial value of 1.49 % 0.00 g/dl to 1.40+ 0,00 ¢/dl by the
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Table 6. Serum protein profile of control and experimental plgs
{(Mean 1 S.T¢)

Interval Total serum proteln (g/dl)  Cammaglobulin {(g/dl}

in days =
B¥8  ontrol Group I Group IT  Control Group I Group IT

) 6.63 6454 6.61 1.49 1.29 1.40
+0.13 40,13 +0.13 A0.00 x0.00 a0.14
2 6,61 6.12 6.43 1.50 1.33 1.22%
+0.10 +0.15 £0.15 £0.00 2000 +0.00
10 6.63 6417 6438 1.47 1,39 1.22%
+0.16 0.4 +0.10 4000 #0.10 10.00
20 6.7 6.05% 5,91% 1,42 1.38 1.39
#0.13 +0.14 013 #0.00 40,00 +0.10
30 6.76 587" 4,98% 1.40 1.43 1.36
+0.09 +0.14 +0.38 £0.00 +0.00 40.00
40 6448 5.88% 5,04% 1.40 1.46 1,40
+0.17  #0.13 40,39 +0.00 0.00 +0.09
50 6453 5,71% 4.52% 1.46 1.47 1,40
+0.18 £0.11 £0.18 +0.00 #0400 +0.00
60 6.46 5,69% 4.60% 1.45 1.4% 1.43
+0.16 +0.12 40412 20400 2,00 £0.00
70 6,56 5,64% 4.55¢ 1.54 1.42 1.42
+0.14 £0.12 40.06 +0.00 #0.00 £0.00
BO 6.53 5,54% 4.40* 1,73 1.50% 1.50
+0.08 £0.19 10,05 40,00 +0.00 20,10
20 6460 5.31% 4,30% 1.81 1.61* 1.62

40,10 40.25 30.00 £0.00 £ 0.00 10,02

* PLOLOS5
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40th day and then gradually increased reaching a maximum of
1.81 + 0,00 ¢/dl on the 90th day.

In group I animals, the\ values gradually increased from
the initial concentration of 1.29 * 0.00 g/dl to 1.61 #0.00 g/dl
hy the 920th day. The values were signdficantly lower (P< 0.05)
than the control group on the 80th and 90th day. In group II
animals, the gammaglobulin conceatration reduced from an
initial value of 1.40 1 0.14 g/dl to a significantly lower
{P< 0.05) value of 1.22 = 0.00 g/dl compared to the control
on the 2nd day but from the 20th day onwards the values increaszed
gradually reaching a maximum of 1,62 4 0.02 ¢/dl on the 90th
day. The variations from the control values were significant

{P< 0.05) on the 2nd and 10th day.

4.6, Assesswment of the phagooytic ackivity of
neutrophils and macrophages using Nitroblue
tetrazolium salt (HBT) test

Cells wich bplus«black (formazan) deposits in tho oyto-

plasm were counted as NBT positive (Fig.18).

4,6,1. Neutrophils.

The data on the mean NOT positive neutrophils of the
control and experimental animals at different perliods are
detailed in table 7. Filgure 198) illustyates the change. In
the control group, the number of positive cells ranged from
18,00 % 1.66% to 20,83 = 0.83%., In group I anirwmls, the
percentage of positive cells declined from an initlal value

of 18.43 & 0.75% to 11.33 # Q.84% by the 90th day. The
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Assessment of the vhagooytic activity using NBT
salt reduction test (Mean t S.E.)

NBT positive nautrophils (5%)

Interval
in days Control Group I Gzoup II
O 18,830,758 18.4840.75 12.00+1.00
18.33+0,.,66 18,29+1.26 18.4310.87
0 18.8340.60 16.7141.43 16.00+1.80
20 19.1640.83 16.8610.93 11.7130.52%
30 19.5 21,20 1845741.10% 11.4030.75*
40 20.83+0.83 16.0040.98* 9.8010.66*
50 12,8310.70 18.71z0.89* 9.60+0.40%
60 19,160,860 15.8611.31* B8.4040.50%
70 1943340.71 1571412007 B842540,637
80 18.3340.61 14.0040.90% 7.0041,00%
90 18.00+1.66 11.33+0.84% 8.00+0.00*
NBT positive macrophages (%)
Control Croup I Group IT
13.66 11.00* 8,14*

¥ P 005
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variations being significant (P< 0.05) from the ¢ontrol
animals from the 20th day onwards. In group II animals, £rom
Initial value of 19.00 i 1.00%,the value declined to 8.00 #
0.00% on the 90th day. The variations from the control values

were significant {(P< 0.05) from vhe 10th day onwards.

4.6.2. HMacrophages.
The mean macrophage response to NBT salt performed on
the prefemoral lymphnode fimpression smear is compared in table 7

and flg.l9(b).

In tne control group, the NBT positive macrophages were
on an average 13.66%. In group I animals, the mubes of posi-
tive cells was 11.00% and a considorable decrease vas observed
in group IX animals in which the number of positive gells was
only 8,14%. The variations from the control values were

slgnificant (P 0.05) in both group I and group II.
4.7, Morpid anatomy and histopathology

During the course of the experiment, one animal in
group I dicd on the 72nd day and five animals in group II
died on the 21lst, 23zd, 67th, 77th and 85th day respectively.
All the other aninals In the experimental as well as control
group were sacrificed on the 20th day. In the animals that
died, therc was subculanecus petechlal haemorrhage and hagmori-
hage in all the visceral organs. The carcase was moederately
jcteric. There was varying degres of ascitils and hydroperi-

cardium in all Lhe dead as well as sacrificed animals in
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group I and group II. The sevority of the lesions was more
in group IX. The mean relative weights of the liver, kidney,
heart and gpleen expressed as percentage of body weight are

given in table B.

Table 8, Mean relative weight of liver, kidney, heart and
spleen expressed as percentage of body weight

Group I Group II Control
Liver 9.74 10.22% 8.85
+0.45 4033 20.44
Kidney 3,76% 4a45% .18
+0.17 20413 x0.08
Spleen 2.59 2.48 2.01
+0.24 30.20 +0.04
Heart 4.05% 4.62% 3.3%
+0.11 0,18 +0.10

* Indicates signiflcance at 5% level (P 0.05)
4,7.1, Ldver.

It is evident from the table 8 that the weight of the
liver in group II was signiflcantly higher (P< §.05) when
conpared to that of the control animals. The liver was
enlarged, yellowlsh and petechial haemorrhages were secn én

all the lobes and in the parenchyma (Fig.20).

In one animal of group I, the liver had a hard fibrous
texture and the orgam contained scatbered raised pale brown
nodules (Flg.21). Histologically, pronounced fatty change

and eentiliobular necrosis were sesn (Fig.22). Staining with
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Sudan II and Sudan ITT rovealed fatty eysts in certaln foci.
Hyaline bodies resembling councilman bodies were seer in the
dogenerating hepatic cells (Fig.23}. The normal lobular
appearance of the liver yas accentuated by biliavy prollfe-
ration and bile stasls. Staining by Van Gicson's nethod
rovealed large bands of fibrocollagenous connective tissue
coursing through the lobules, This gave a picture of post

necrotic cirrhosls {Fig. 24, 25}).

There was rupturc of sinusolds and foecal areas of haemorr-
hage. Retliculum staining revealed collapse of the lobulaz
architecture characterisced by collapsc and reduplication oOf
reticplum, Focal lymphotytic infiltration was also a common
£inding (Fig., 26, 27).

The gall bladder of all the animals in group I and
grour LI was moderately distended uwith pale thin yellow blle
and the wall was oedematous. Histologically, in the gall
bladder therxe was moderate oedema of the rmucosa and moderate

lymphoid infiltration (Fig, 28).
4.7.2. gSpleen.

The mean relative uveights of the spleen did not indicate
any statistically significant difference between tho experi-
mental and control groups. There vas no appreciable gross
lesion except in ong aniwmal belonging to group II in which the
spleen had small nodules on the surface. Hicroscopically, in
all the experimental aninals there was haemorrhage and hasno-

siderosis (Pig. 29),
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4.7.3. Kidney.

The mean relative weight of the kidney of the experimental
group showed a significant increase (P< 0.05) compared to the
control animals. Crossly, in both group I and group II, the
kidneys showed yellowish grey discolouration of the cortical
rogion and in some Cases peteghiae were also seen. Gelatini-
sation of Lhe fat in Lhe renal pelvis was a consistent £inding.
Higstologilcally, the changes wore confined to the tubules.
Tubular degencration and desguemation of the epithelium and
formation of hyaline casts were seen (Fi1g.30). In few cases
these ghanges were accompanied by scattered focd of haemorr-

hage.

4,7.4, Pathology of the lvmoh nodes.

Grosg changes were evident only in the hepatic, mesentric,
prescapular and prefemoral lymphnodes which showed moderate
enlargement. In nost of the hepatic lymphnodas there was
cortical haemorrhage and few were cedematous. The miceroscopic
laesions observed in different lymphnodes of group T and

group II are sot oubt in tables 9 and 10.
4.7.4.1. Hepatic lymphnode.

In many cases theres was cortical haemorrhage and few were
pedematous, Hicroscopically. there vas diffuse haemorrhage and
this was associaced with deposition of haemosiderin pigment
(Fig.31). In most of the cascs, tlhere was depletion of lymphoid

cell population in the cortical and medullary vegion, The
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Group I
Lymphoid Rormal
Reactive taemorrhage depletion
Hepatic s R shegsctr -
Renal + - - A
Mesenterla bt - - -
Bronchisl - - - erfeedde
Prescapular e - - -
Prefemoral et - - -
(+ Mhld,, ++ Modetate. ., +++ Seveve)
Table 10. Reaction of che lymphnodes
Group IT
Reactive Haomorrhage Lymphold Hormal
depletion
Hepatlc A R At -
Renal L - - fopedeede
Mesenteric R - - -
Bronchial e - - >
Prescapular b - - -
Prefemoxal 4 ot - - -

(+ Mild y ++ Modetate ; +++ Severe)
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proliferating stromal tissue was seen to replaco most of the
lymphoid tissue. In one animal of group II there vas dilata-
tion of lymphatics. Focal areas of congestion and haemorrhage
ware alse seen {Fig,.32). Sinus histiogcytic reaction was sparse
to minimal. A fow lymphnodes were of reaccive type. The con-
sigtont feature of this group was diffuse hyperplasia of
lymphoid issue In the cortical, parscortical and medullary
region. The lymphoid cells in this group were large with
gosinophilic cycoplasm and loogely arranged chromatin, There
was also diffuse paracortical and focal histiocytic reaction

characterized by islands of histiocytes in the medullary reglon.
4¢7.4.2. Renal lymphnode,

In one animal in group T and in group II, the lymphnode

was of reactive tyoe.
4.7.4.3, Mesonteric lymphnode.
These were of roacuive type (Tic33).
44 Tebed, Bronchial lvmphnode.
A reactive nabure was evident in group II.
4,.7.4.5. Prescapular and prefemoral lymphnodes.

In both group I and group LI the prescapular and pre-
femoral lymphnodcs were of a reactive nature with sinus his-
tlocytosis. The consistent feature of this group was diffuse
hyperplasia of lymphoid tlssue in the cortical,s paracortical

and medullary region. Few lymphold follicles in the cortical
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rogion exhibited germinal centre formation. This area appeared
pale compaced to other pacts of the lymphnodes, Sinus histio-
oytosis was characterized by the presence of large oval cells
with abuadant slightly foamy granular eosinophilic cytoplasm

in the medullaxy reglon.
4.7.5. Thyuus.

Grossly, the thymus was slightly cedematous and contained
petechiae and echymotic patches both on the surface as well as
in the parenchyma (Flg.34). Histologically, there was multiple
focal aveas of haemcorrhage in the parenchyma and in the inter-
stitial tissuc. The lymphold tissue was widely separated by
focl of haemorrhage. Lymphold cells were few and looscly
scattered (I'ig.35). Islands of Hassal's corpuscles undergoing

degeneration werc seen amidst the area of haemorrhage (Fig.36).
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with aflatoxin. This could be attributed to the damaging
efifects of aflatoxin on the hepatic tissue, and this would
porforce lead to variation In the total proteln content and
the albuminsglobulin ratio. The mange infection observed in
the plgs would again be a contributory factor for the increased

L8R,

The reduction in PCV, haemoglobiln ang total erythrocyte
count, in the toxin fed pigs reflects anacnia and this again
can. be a factor which would contribute to the increase in ESR,
Cysewski gt al. (1968); Osuna and Edds (1982) made similar
observations whereas this feature was not observed by

Vishalakshan gt al. {1984) in pigs fed aflatoxin.

It is reasonable to explain that the pigs contracted
infection as a result of immunodeficiency and the leukocytosis
observed is only a consequence of the disease process. Increase
in the total leukocyte count in pigs fod aflatoxin was observed
by Cysewski gt al. (1968); (1978); Miller et al. (1978) and
Dhanvantari gt ai. {1982). However, Osuna and Edds (1982) did
not observe any significance in tho total leukocyte count in

experimental aflatoxicosis of plgs.

There was no significant difference in the absolute
lymphocoyte count in pigs dosed with aflatoxin. This might be
attributed to the fact that the experimental group of pigs
had plcked up mange infection. This inflammatory response may
be responsible for masking the immunosuppressive effect of

aflatoxin. It is pertinent o point out that in spite of



74

severe mange infection, the absolute lymphooyte count did not
show a signlficant absolute lymphocytosis. Thls is an obser-
vation that would support the conclusion that in the pigs
dosed with aflatoxin there was immunosuppression. This has
also becon clarified by other immunological markers employed
for assessing the immunological response. In this context it
may be pointed out that Cysewski et al. (1968) and Dhanvantari

et al. (1982) have observed lymphopenia in pigs fed aflatomin,.

Agsasament of ANAE positive cells (T cells) in the peri-
pheral hlood showed a significant decrcase in the aflatounin
fed pigs indicating that in these auimals the T-gell response
was relatively suppressed. Similar chservations were made by
Vishalakshan gt ak. (1984) in plgs fed aflatoxin., McLoughlin
et al. (1984) also cbserved a decrease in the number of T cells
in aflatoxin fed gulnea pigs. There was however a transient
increase in the percentage of AVAE positive cells in lator
stages. This has to be considered as an after effect of DNCB
application in these pigs to assess the CMI wesponse. Rajan
et al. (1982) rocorded an increase in the percentage of ANAR
positive iymphocytes in pigs following DNCOB challenge. They
suggested induction of esterase enzyre in T cells following
DNCB challenge to be the probable reason for thelr inorease.
This increase in T qoll population was not reflected on the
absolute lymphocyte count suggesting that the immune system
at this stage ls suppressed, It may be pointed ouk that
Ranki gt ale. {19756) has shown the possibility of scme stimulated
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8 cells exiibiting ANAS sctivity. 7This is a polnt vhich has

to be clarified by Ffurther studies.

Phe cellw-nediated immune response (CMI) and indirectly
the functioning of the nacrophage~lymphold system in pigs fed
aflatoxin was assesasd enploying cutaneous hypersensitivity
tests, PHA-M and 2,4~dinitrochlorobenzense {(DNCB) were used
for the first time for assessment of the cell-mediated irmmunc
responss in aflavoxicosis In plgs. These tests clearly demon-
strated a lowered cell-mediated immune respoase in aflatowin
fed pigs and this was reflected by significantly lower valucs
in skin thickness and in DNCB, the diameter of the reactive
area also, at 24 and 48 hours. It ls significant to oioser:ve]‘
that the histological changes iw the toxin fed plgs ab tho

te of inoculation were less pronounced when compared to the
contcol animals. These observations would lead to the conw
clusion that there has bheen significant reduction of CHMI rase
pense in pigs dosed with aflatoxin. Supproession of CMI roge-
ponse of pigs in aflatoxicosis was also recorded by Miller
et al, (1978). The assessment of the CMI response ewploying
DNCB and PHA test as markers has shown that the rosponse to
these markers of CMT was dose depcondent. Pler (1981) suggested
that aflatoxin may dmpalr the cellular immune response through
inhibition of the function of T lymphocytes and possibly
lymphokine production. Haemorrhage and lymphedd depletion
observed in the thymus of aflatoxin fed pigs indicates that

aflatoxin may oxert a divect cffeat on the lmmume systen of
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pigs. Depletion of lymphocytes and involution of thymus in
chicken fed aflatoxin were recorded by Pler et al. (1972)

and Thaxton gt al. (1974}, Maryamma (1973) also observed
capillary engorgement and granular degeneration of thymic
corpuscles of goats fed afilatoxin. According to Cooper et al.
{1966) thymic defect would be more likely to affect delayed
hypersensitivity and graft-versus-host reagtions than antibody
production and bacterizl clearancc. These observatioas would
support the conclusion that there is aimmuncloglcal suppression

in aflatoxicosis.

the damaging effects of aflatoxin on the hepatic tissue
was reflected by the lowered totzl serum protedin concentration
in aflatoxin fed pigs indicating that continued low-level con-
sumption of aflatoxin had an inhibitory effect on the protein
synthesis. Decreased proteln synthesis could also be attri-
buted to reduced feed consumption by the toxin fed animals.
These £indings correlate with that of Annau gt al. (1984):
Cysewski gt al. (1968); 1978; Miller gt al. (1981); Osuna and
Edds (1982) and Ho (1982).

Darlier vorkers (Bdds, 1973; Buck gt al. 1076) suggested
that aflatoxin impairved protein synthesis by inhibiting the
activity of the DNA and RNA polymerases., Busby and Wogan
{1981} opined thot polysome disaggregation was consistently
associated wich, and may be the basis for the inhibition of
protein synthesis by aflatoxin treatment. In the present study,

the gammaglobulin levels of the toxin fed plgs was significantly
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low Indlcating that aflatorin might exeyxt an cffect on the
horal immung response. Degreased gemmaglobulin levels in
aflatoxicosis of pigs was also recoxded by Southern and
Clawson (1979); Ho (1982)3 Osuna and Edds (1982). Suppression
of humoral response in pigs fad aflatownin and thoir consequent
enhanced susceptibility to Salmonella infection was pointed

out, by Miller gt al. (1978).

It is wvery portinent to polnt out that in the experimental
studies cavried out in this Investigation, the pilgs fed
aflataxin contract.ed mange. The control animals did not pick
up infection although they were maintelned under identical
nanagemental. conditions. This is an important point and need
40 be stregsed, This 1z a practical problem emerging as a
consequence of immunosuppression. Dykes (1986) also reported
mang® infection in plge following conswnption of aflstoxin

contaminated fesd and he also put forward the same hypothesis,

The apparently increasing trend in the gamaaglobulin
level despite a décorcase in the tobal serun protelin concentra-
#ilon ohsgrved In rhe aflatoxin fed plgs is an indication of
the change followlng liver damage. This ohservation is true
%0 the hypothesis made hy Richard gt pl. (1278} accoxding to
which vhen the liver is damaged, it does not remove or ellmi~
nate the antigens that have been absorbed by the gastfo-
Intestinal tract and have made thely way to the liver and
thus a#llows the antigens o interact with ankibody proeducing

eells resulting in increased gemraglobulin production. Increased
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gammaglobulin levels in aflatomin fed plgs was also recorded
by Amnau gt al. (1964); Gumbmann and Williams (1969)3 Cysewski
et al. (1978) and Miller et al. (1981). The NBT reduction
tost employed to assess the phagocytic activity of neutrophils
ravealed a considerable reduction in the number of NBT positive
cells in the aflatowin fed pigs. It is relevant Lo refer here
that NDT salt reduction test was first applied on khe neutroe
phils as an indicator to assess thelr function by Park et al.
{1968) in man and they considered it as an important tost to
asgess the neutrophil Function. They ebserved an increase in
the nuwber of WBT positive cells in bacterial infection. How-
aver, in the present investigation, a decrease in thelr number
was noticed in aflatoxin fed pigs in spite of the neutrophilia.
The functional actiwity of magrophages assessed by the NBT salt
test in the lymphnode impyession smear showed a decrease in

the percencage of MNBT positive macrophages. Thls obsexvation
is complementary to that obsarved in the case of neutrophilic

leukocytes,

The studies undertaken therefore showed that aflatoxin
impairs the function of at least more than one of the cell
types of the prhagocytic system, which was also dose related.
This observation is akin to that Michael et al. (1973}, Chang
gk al. (1976); Chang and Hamilton (1978) in aflatoxicosis of
chicken. They recorded impalrment of the phagooytle activity

of heterophils and monocytes.

Richard and Thurston (1975) also documented deercased
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phagocytic activity of macrophages in rabbits fed aflatoxin.
The gross and histopathological changes observed in the present
gtudy were rclated Lo the dose of the toxin. Pigs glven the
lower dose were less severely affected. The obsarvation that
five of the seven animaly which roceived higher dose (group II)
of aflatoxin dled whilo only one animal out of seven in

{group I} animals given the lower dose dled is an indication

of the dose relatod response of animals to aflatoxin,

Subcutaneous hasmoxrhage and haemorrhage in almost all
the viscoral organs cobserved in the experimental animals were
similar to the £indings reported by Hauser (1971}, Edds (1979)

and Sriramamurthy et al. (1981).

According to Babhebunml and Basslr (1989), the haemorrhagic
effect of aflatoxin By lLike that of 4~hydroxy coumarin, way be
due to specific inhibition of the synthesis of prothrombin due
to the competition for the apoenzyme, and not to any generalized
hepatocellular damage. This can also be due to the inhibltory
effect on the synthesis of clotiing protein. The icteric
naturs, inoreased liver weight, pronounced hepato-cellular
necrosis, hepato~cytomegaly and hepatolaryomsgaly, prollfera-
tion of reticular and collagen fibres, fatty infiltration,
hile duect proliferavion and infiltration with mononuclear cells
are suggestive of chronic aflatoxilcosis and these f£indings aro
in acoordance with those of earlier workers (3ippel gt al. 1953;
Burnside et al. 1957; Loosmore and Harding, 19613 Hardlng et al.
19633 Annau et al. 1964; Shalkop et als 1967; Sisk ot al. 1968



B8O

armbreche gt al. 1971; Newberne, 1973 and Miller gt 2. 1981).

According to Neuberns and Butler (1968}, the liver is
the primary target organ of aflatoxin action and becoomes ine
filtrated vith fatty deposits when sufficiently hich levels of
aflatoxine are administered. Sinde aflatoxin inhlbits protein
synthesis and provents apoprotein formation reguired for
lipoproteln formation, the triglycerides camnot be mobllised
out of the gell without lipoprotein formatloa and fatty infll-

tration results (Osuna and Edds, 1982},

Hepatic necrosis is thought to result whon glutathions
reserves have beon drastically depleted by conjugstion with
toxie intermediates go that the toxie intermediates are free
to bind covalontly to vital cellular macromolecules (Hatch,

1982),

There was varying degreg of oodena of the gsll bladder in
the cwperimental group of pigs. This can be attribubted to
poor drainage of bile. This was also recordod by Wilson ¢k al.
(1967}; Iuasaki st al. (1972) and Armbrecht (1978} in aflatoxdi-

copis of plgs.

The degenerative pathobliologloal chianges observed in the
toxin fed animals Indicated that aflatoxin had secondarily
affected the kidneys also, This is in accordancs with the
Tindings of Wilson gt al. (1967}, Ambrecht {(1978) and
Dhanvantard gh ak. (1982},
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Haenorrhage and haemosiderosis in the spleen of toxin fed
animals are reflections of toxin induced injury. Haemorrhage,
hasmogiderosis and lymphold cell depletion chsexved in the
hepatic Lympinodes were suggestive of aflatoxin induced injury
to the blood vegsels of the Lymphnodes and to the destructive
effent of aflatoxin om the lymphoid cell population. The
latter is a festure which would substantiato a reduction in

callenadisted dmmme response.

The reactive nature of the mesenteric lymphnode may be a
part of the infSlammatory reactlon seen in the Iintestine., The
reactive lymphadenopathy of the prescapsular and prefemoral
Iymphnode in the aflatoxin dosed monge infested pigs is to be
considered as a consoquence of the severe mange infection seen
in these plgs. Maryamma (1573) also cbserved a reactive nature
in the prescapular; parotid, hepatic and megenteric lymphnodos

of goats fed aflatoxin.

By the exporimental studles undertaken it was clarified
that aflatoxin has a significant suppressive effect on the
Smmune system of pigs. The decreased respouse to cukaneous
hypersensitivity agents PHA=I and DNCS along with reduction of
ANAD positive cells is suggestlve of suppression of CMI rese
ponsa. The degreased level of gammaglobulan indicates a de-
creased humoral vesponse and the reduction of NBT positivo
neutrophils and macriphages points to lowered phagocyhic rés-
ponga. These obseryations were supported by the gross and

histopathelogical lesions in the liver, kidney, spleen, and
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the lymohnodes. It was also observed that this immunosuppre-
ssion would lead to enhanged susceptibility to infection. AlL
the aflatoxin dosed pigs contracted mangs infcooction. In the
situation prevalent in the farm when the pigs are fed a diet
contaminated with aflatoxzin eventhough at a low level, the
immunosuppression induced in the plgs predispose them to
infectiona, Although the £inal postmortem diagnesis may be

often pneumonia, enteritis or some other dlscase the hasle

couse may be an aflatoxin induced accquired immunosuppression.
1his fact will be generally overlooked. Tt may he pointed out
thar many of the hiclogleal agents responsible fos causing the
Gissage are prevalent in the enviromment and ic 19 the compe-
tency of tho immune system which detocowmines the provalonee of
the disease in an animals The observations made in this study
have therefore, ¢reat practlical relovance and the resulis stress
the need for screening the feed samples for aflacoxin contamination
and the necessity to feed pigs a diet free of aflatoxin. This
preposition may have limltations as in a State like Kerala with
a hot and highly humid climate, heavy fungal contamination is
1iksly to cccur and the sisuation may warrant to cdopk a policy
of living with aflatoxin, This implies thav efforts should be
made to develop a sulitable, oimple and ¢heap technology Lo

detoxify aflatoxin in the feed.
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SUMMARY

an experimental study was undertaken wo study the effect

of afiatorin on the immune systen of pigs.

Aflatexin obtained from the cultures of Aspergillug
paragiticus and standardised in che laboratory was used for
the experimenc. Twenty Large ¥Wnite Yorkshire male plgs of
2=3 months of age were randomly grouped as conbrols, group X
and group II. Aflatoxin was administered orally at the dese
rate of 0.1 mg/kg body welcht and 0,2 mg/kg body welght to
group I and group I animals respectively £or a perlod of

30 days.

Clinically, the toxin fed animals were dull and depressed.
They consumed less fecd and the body welght recorded at f£ori
nightly intervals was significantly low when compared to the

agontrol animals,

There was increase in ESR and reduction in PCV, haemo-

gloixin and total erythrooyte count In the aflatoxin fed pigs.

There was no significant varistion in the neutrophil and
lymphocyte count in the experimental animals. However, afier

the infection there was slight neutrophilis.

Durlng the ¢ourse of the experimental period the pigs fed
afilatozxin contracted mange infection. This cobservation wag
congidered as a clinical evidence of immunosuppressive offect

of aflatoxin.



84

The T lymphooytes (AYVAD positive cells) in the peripheral
blood of the toxin fed plgs were significantly low than the

control pigs.

The macrophage-lymphoid system in the experimental and
control plgs was assessed by ponitoring the cell-mediated immune
response employing PHA and DNCB hypersensitivity tests, fThe
cell-mediated immune responsce in the aflatoxin fed pigs was
significantly low.

The serum protein and gammaglobulin concentration were
significantly low in pigs fed aflatoxine. These observations

indicgted suppression of the humoral ilmmuie responss,

The phagocytic aotivity of the neutrophils and macrophages
wag agssessed by the Nitroblue tetrazolium (DT} reduction tast.
A decrease in the phagoeytic response was observed in the

aflatoxin fed pigs.

Haemorrhages woye seen in almost all the visceral organs.
The liver of aflatoxin fed animals was enlarged and lcteric.
The gall bladder was distended and ocedematous. Fatty change,
centrilobular necrosis, haemorrhage, blliary hyperplasia,
fibroua tissue proliferatlion, reticular collapse and focal
lymphocytic infiltration were the characteristic histologleal
features. iHaemorrhage and hacdmosiderosis were ovident in the
spleens Tubular degeneration and focal haemorrhages were seen
in the kidney. The thymus and the lymphnodes revealed deple-
tion of lymphoid cells and focal areas of haemorrhage. Some
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of the lymphnodes revealed reactive prolifevative wesponsd.

By employing two different dose levels of aflatoxin it
was clarified that the biological effects of aflatoxin was

doze dependent.

From the cbsorvations made; it was concluded that afla-

toxin suppressed the cell-mediated and humoral fmmune rasponse,
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ABSTRACT

The immune response of pigs fed aflatoxin at two difife-

rent Qose levels, 0.1 and 0.2 mo/ky body welght was studied.

The reduction in weight gain observed in the aflatoxin
fed pigs was associated with decrcased feed consumption and

total serum protein concentration,

There was Lincrease in ESR and decrease in POV, haegmoglobin

and total erythrocyte count in the toxin fed groups.

The neutrophilic and Lymphooytic count did not show any
significant variation except when the animals contracted mange

infectlon. Following infectlon there was slight neutrophilia.

The cell-mediated immune response was agsessed employing
ANAE, PHA apnd INCB as markers. A decrease in the lopune res-

ponse was dogymented in the aflatoxin fed pigs.

The humoral immune rasponse was found to be suppressed
as evidenced by a decrease in the concentration of total cerum

protein and gammaglobulin in the koxin fed groups.

The phagocytic actaivity of neutrophils and nacrophages
was assessed using Nitroblue tetrazolium (NBT) test. The data

revealed a decreased phagoeytlc activiby.

Haemorrhages were seen in almost all the visceral ocugans.
The liver of aflatoxin fed animals was enlarged and icterdo.
The gall bladder was distended and oadomatous. atbty change,

centrilobular necrosis, haemorrhage, biliary hyperplasia,



£ilbrous tissue proliferation, reticular collopse and fowal
Lymphooytic infiltration were the characteristic histological
features. WHaemorrhage and hoaemosiderosis cvident in the
apleen, Tubular degeneration and focal haemorrhages wore
seen in the kidncy. The thymus and the lymphnodes revealed
depletion of lymphold cells and focel areas of haemorrhage.
some of the lymphnodes revealed reactlve proliferative res~
PONSE.

Regular screening of feed for aflatoxin was advocated as

a routine farm operatlon to prevent the deleterlious effect of

aflatoxin on the health and productivity of pigs.



