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JNTPODUCTION

Uycotoxins are fungal metabolites which have been taowri 

for many years but their significance jn the causation of 

disease and rheir role as a major factor in causing disease 

was nor \noxm till recently. Epidemics of dry gangrene and 

nervous derangement which were popularly known as 'St, -̂Jithon_/*s 

Fire' caused by toe ingestion of sclerotie of Claviceps 

purpurea swept Europe from the 11th through the 16th centu

ries. This important disease syndrome drew attention of the 

people all over the world and was a woll recognised disease 

entity of mycotoxic origin. However, the recent interest xv 

nycotoxicosis was initiated following the death of largo number 

of turkeys in Great 3ntain xv 1960 due to consumption of 

peanut meal contaminated >dLth aflatoxin. Since then extensive 

work has been cone on m e  various aspects of aflatoxin on 

different species of animals and voiininous literature has 

accumulated on aflatoxicosis during the last two decedos.

Now it lias emerged out as a factor which accounts directly or 

indirectly for many of the diseases in domestic aninels of 

hitncrto ill defined aetiology.

Although, various aspects of aflatoxicosis have been 

studied and vast amount of information has boon gathered,tho 

real significance of the problem has not been recognised by 

the personnel directly engaged m  livestock production pro
grammes. xn the case of an ice berg where we see only the
small portion above the surface, only the acute toxicity induced
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by this toxin has been appreciated but the lower massive part 
of the ioe berg which as far as thi3 toxin is concerned is 
the chronic toxicity due to continued ingestion of low levels 
of toxin remains obscure to a great extent. The adverse 
effects of chronic toxicity on the economic livestock production 
programmes appears to be tremendous. This aspect remains to be 
assessed and it perhaps awaits the development of better diag
nostic criteria and wide recognition of the condition.

The toxigenic fungi are ubiquitous in distribution in the 
environment and their toxin production is determined by variety 
of factors. The unfavourable storage conditions of the feed 
particularly in an environment 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 
commodities. This perforce leads to exposure of livestock to 
mycotoxins through the contaminated feed. However, their signi
ficance has not been precisely assessed and its impact on the 
livestock farming has not been accurately evaluated.

The limited studies undertaken in the Department of Patho
logy, Veterinary College, nannuthy, during the last few years 
have shown that aflatoxicosis is an important problem, parti
cularly in the case of pigs, Which are relatively very suscep
tible to this toxicity when compared to other species of live
stock and in most of the pig farms in Kerala it has choked the 
production potential of pigs. The mortality pattern of pig3 
recorded and the supportive evidence of aflatoxin induced



3

hepatopathy are proofs to this valid conclusion, in the inves
tigations undertaken so far the effect of low doses of afla- 
toxin has not been taken into consideration, This aspect cannot 
be overlooked, and warrants investigation.

The enquiries undertaken on the biological effects of
aflatoxin in different species of animals all over the world 
have categorically shorn that aflataxin in higher doses causes 
acute hepatitis, haemorrhagie syndromes and death. The wide" i
spectrum of changes in low doses have also demonstrated the 
teratogenic, mutagenic and carcinogenic effects. Besides this, 
other notable effects of continued consumption of low doses of 
aflataxin are an alteration of serum protein profile and 
adverse effects on the'immune system. It has bean documented 
in certain species of animals that the immunosuppressive effect 
of the toxin would lead 'co acquired immunodeficiency and this 
perforce leads to disease outbreaks. It is well-known that 
it is the immunological background of the animal that deter
mines the emergence of disease syndromes and if the problem is 
viewed aqainst this background, it has tremendous impact on 
the disease prevalence in the animal population in general and 
pigs in particular since they acre very susceptible to this 
toxin.

Considering these aspects a project to study the immune 
response of pigs in aflatoxicosis was designed and executed 
and the results obtained during the course of this investiga
tion have boon documented in the ensuing pages.
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2,1, Aflatoxicosis in pigs

Aflatoxins, a group of closely related metabolites of 
Asoercdllus flavus, Aspergillus parasiticus and Feniclllium 
rub rum., are wall known potent iiepatotaxins possessing carci
nogenic, mutagenic and teratogenic activities. These toxins 
occur as natural contaminants in animal feeds,

2.1,1. Incidence of spontaneous cases of aflatoxicosis.

Several confirmed instances of aflatoxicosis in pigs 
were reported under field conditions,

A disease in pigs caused lay consumption of moldy c o m  
was reported by sippel et al, as early as 1953. Loosraore and 
Harding (1961) described an episode of toxicity in which pea
nut meal was identified as the causative component in the diet 
of pigs. Fallowing this report, Homby et al. (1962) observed 
retarded growth in animals which consumed toxin contaminated 
feed. Gibbons reported moldy c o m  poisoning in pigs in 1965.

incidence of toxicity in pigs due to aflatoxin was 
reported by Prison et al. (1967). When fed toxic Penicilllun 
rubrum culture, pigs showed severe haemorrhaglc gastro-enteritis 
with death occurring more quieter than Aspergillus flavus 
cultures.

Smluh et al. (1976) reported 94 cases of aflatoxicosis 
in pigs over 22 months period in North Carolina. The aflatoxin

/
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8^ concentration in the corn ingredient o£ tho feed In these 
cases was 5.18 mg/kg.

Hayes et al. (1978) found aflatoxin In the plasma of 
three of the nine pigs examined, the values ranging from S.l 
to 36.7 ng/ral. Though it was not detected in the Iddneys,
0.12 ng/g was found in the pale yellow liver of one pig.
During the period 1965-1968 at the piggery farm attached to 
tha Veterinary College, Hannuthy, out of the 815 pigs died,
8514 of them shoved varying degree of liver damage and afla
toxin was attributed as the cause (Rajan et al. 1981). The 
authors also indicated contamination of feed with aflatoxin 
to be a possible cause of ethmoid tumor in pigs.

Sriramamurthy et <|1. (1981) recorded an outbreak of acute 
aflatoxicosis in Large white Yorkshire pigs at Tirupathi. The 
suspected feed contained 2.4 ppm of aflatoxin B,. The affected 
pigs recorded lowered feed consumption and weight gain. Dis
continuance of the incriminated feed and supplementation of 
LIv. 32 controlled tho outbreak. Aflatoxin at 500 fig/kg 
lias found in the stomach contents of 30 pigs died of peracute 
toxicity on consumption of moldy bread (Ketterer et al. 1982). 
Anorexia and unthriftiness of growing animals wore scon in 
chronic toxicity,

Dhanvantari et al. (1982) recorded a natural outbreak of 
aflatoxicosis in Large White Yorkshire pigs. The offending 
groundnut cake contained 16 ppm of aflatoxin and the grower
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ration on fresh basis contained 2.4 ppm of aflatoxin. The 
morbidity and mortality rates were 18.13% and 10.36% respec
tively. The severity of the lesion was nore in growers and 
among-gr©vers it was particularly more severe in males.

Feed samples containing more than 360 ppb of aflatoxin 
were found to be the cause of mortality and unthriftiness in 
54 herds during a three year period (Wilson et al. 1984).

Chauhan et al, (1984) reported twenty cases of hepato
cellular carcinoma in pigs and attributed groundnut cako having 
an average contamination level of 1 mg/kg as tho cause.

Dykes (193&) observed aflatoxin at high concentration
(2000 ppb) in the feed of a pig herd. The affected animals 
had severe sarcoptic mange infection and did not raspond to an 
aggressive treatment protocol for the same, clinically the 
animals exhibited muscular weakness, depression, pneumonia, 
rectal bleeding and terminal convulsions. The study demon
strated the multitude of consequences and immuno-supprsssive 
effects of aflatoxin*

2.1.2, Experimental studies.
2.1.2.1. of aflatoxin in pigs.

Jones and Jones (1969) reported the LD5q for pigs as 
0.6 mg/kg body weight. According to several research sources, 
the acute 1® 5q of aflatoxin Bj in young pigs was 0.52 mg/kg 
body weight and in older 3wine 1.0-2.0 mg/kg body weight 
(Hatch, 1982).
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2.1.2.2. Susceptibility of pigs to aflatoxin.

Dietary concentrations of aflatoxlns that caused toxi
cosis (liver damage and death) in swine were; growing pigs - 
0.41 ]ig/g or more for 12-24 weeks, pregnant sows - 0.3-0.5 pg/g 
for four weeks (ndds, 1973; ciegler, 1975; Buck et al. 1976).

Earlier research on porcine aflatoxicosis indicated that 
this specios was more susceptible at an younger age of 1-4 
weeks. Pregnant sows were more susceptible than mature cattle 
and sheep (Edds and Osuna, 1976s Edds, 1979),

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

A number of reports and reviews describing the dietary 
effects of graded levels of aflatoxin on pigs indicated no 
acute toxic effects below 700 ppb. Consumption of rations 
containing upto 690 ppb aflatoxin did not seen to affect the 
performance of pigs during c’ne finishing period when they 
gained weight from 12d to 200 lbs (Duthie et al. 1966), but 
substantial improvement occurred in the growth rate when they 
were placed on a toxin free diet. Hints et al. (1967̂ ) con
ducted feeding trials on 12-14 week old pigs with rations con
taining 10 to 1550 ppb aflatoxin and found that levels above 
450 ppb adversely affected the weight gain and feed conversion. 
Similar observations were made by Gagne et al. (1968), How
ever, toxic concentrations exceeding 280 ppb earned depression 
in growth rate and feed conversion efficiencies of growing 
pigs (Sisk et aj,. 1968; Allcroft, 1969; Armbreeht eu al. 1971).
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Studies q£ Keyl and sooth (1971) indicated that even 
higher levels (450 ppb and above) were required to depress 
the growth rate and feeding efficiencies of growing pigs.

inclusion of aflatoxin at a level of 450 ppb in the 
ration of 5.5-7*7 hg pigs for a 28 day feeding period pro
duced significantly lower daily gains than a control group 
on standard ration and returning the treated group to a normal 
ration resulted in their resuming a normal growth curve 
(Seufvillo. 1974).

luasaki et al, (1974) fed diet containing 0.55-0.6 ppm 
aflatoxin for 122 days to four miniature pigs and found 
transient inappetence and slight retardation of growth.
Moneguo (1977) compared average daily gain in two groups of 
seven pigs each of Duroa-Yarfcshire x Hampshire barrows and 
gilts receiving either a control ration or a ration naturally 
contaminated with aflatoxin at 400 ppb level and found 
significant growth suppression in pigs which consumed axla- 
toxin. It was also observed that levels of 100, 200 and 
300 ppb of aflatoxin in the ration did not significantly 
affect average daily gains, feed consumption or efficiency.

Cysewski et al. (1978) observed lesser weight gain in 
pigs fed aflatoxin Bj at 1.3 mg in the feed for 25 days, 
impaired growth rate and feed conversion were evident in pigs 
fed diet containing 0.5 mg/Jtg of aflatoxin (Armbrecht, 1973), 
Average daily gain was reduced linearly in pigs receiving
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diets containing 385 ppb and higher levels of aflatoxin but 
the feed efficiency was significantly influenced only when 
1,480 ppb aflatoxin was red (Southern and Clawson, 1979).

Miller et al. (19S1) observed decreased feed conversion 
efficiency in piglings fed diets containing 0.4 pg/g and 
0,8 pg/g of aflatoxin respectively.

Osuna and Edds (1982) made similar observations in pigs 
fed 0.2 rag/kg body weight of aflatoxin for 10 days.

Ho (1982) reported loss of appetite and decreased weight 
gain in pigs fed crude aflatoxin at 90 pg/kg body weight for 
six weeks. Considerable reduction in weight gain occurred in 
pigs fed ration containing 400 ppb aflatoxin (Wu et al. 
1932) and in pigs fed 0.15 mg/kg body weight of crude afla
toxin (Vishalakshan et al. 1984).

Tapia and Seawright (1985) observed significant decrease 
in the growth rato and feed consumption in young pigs fed 
dietary aflatoxin at 0.750 mg/kg feed.

2,1.2.4. Haematology and clinical chemistry.

Early work by Harding et al. (1963) showed that four 
to six week old pigs fed on a toxic groundnut meal, wnieh 
presumably was contaminated with aflatoxin, responded with 
changes in the levels of serum enayme3 and liver composition 
but the aflatoxin content of this meal stands unspecified. 
Besides, with dietary aflatoxin levels of 750 ppb or more, 
alterations in the electrophoretic patterns of pig serum
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proteins indicated u relative decrease An the albumin,, alphaj, 
alphaj and beta globulin levels and considerable increase in 
-the gamma globulin level (Annau gc al, 1964), Cysowski et aj,.
{1968) produced acute aflatoxiaosis in young pigs having body 
weights ranging from 11.4-21.4 leg, by giving aflatoxin at 
1.98 rag/kg body weight, The pigs showed depression and initial 
pyrexia followed by subnormal temperature. Shivering, muscular 
tremors end weakness wsra noticed from the sixth hour onwards 
at irregular intervals. Fresh blood appeared in the faeces 
after 24 hours. Altered liver function was detected after 
three hours and was marked at six hours. SCOT and OCT activi
ties were elevated markedly after 6-9 hours. The packed cell 
volume remained normal until 12 hours before death after which 
it declined. Leukocyte counts and prothrombin time were ele
vated after 12-24 hours. Differential leukocyte count indicated 
neutrophilia and lymphopenia. Significant decrease in all the 
components of protein with maximum decrease of ji-glotoullns was 
observed.

Sisk eu al. (1968) produced experimental aflatoxicosis 
in two week old pigs by the daily administration of aflatoxin 
Bj for 23 days at dose levels of 83,4, 166.8 and 333.6 pg/kg 
body weight, The smallest dose did not produce clinical evi
dence of disease in the pigs, but mild hepatic changes wore 
observed microscopically. The medial dose level (166.8 pg/kg) 
was obviously toxic to young pigs, and the lesions wero similar 
to but lose severe, than those observed in plge administered
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with the largest dose level. The largest dosage resulted in 
depression, anorexia, haemoconcentration and icterus.

Alterations in liver function* as represented by changes 
in blood and liver cnsyraes, occurred in pigs after consumption 
Of feed containing as littio as 51 ppb aflatoxin Along 
with this, plasma albumin* plasma-albumin-globulin ratio, non
protoin nitrogen and urea nitrogen were decreased (Gurahmann 
and Williams, 1969)*

Hauser et al, (1971) reported haemorrhagic syndrome in 
pigs which consumed feed containing 150 ppb of aflatoxin Bj,
The routine handling of the pigs led to massive subcutaneous 
haemorrhage. Addition of Vitamin K at the rate of 22 mg/kg 
body weight reversed the prothrombin times to normal and 
haemorrhages ceased,

Young pigs exposed to aflatoxin at 450 ppb level in the 
ration for 28 days exhibited a significant increase in pro
thrombin time (Neufvilie, 1974).

A carcinogenic response in brood sows was observed by 
shallsop and Armbreeht (1974) when the sows were fed aflatoxin 
and Gj at the dose rates of 31 pg, 10 jig and 40 jig per kilogram 
body weight daily during growth, gestation and lactation periods 
respectively. Both four and ten week old pigs, when fed with 
rations containing high amounts of proteins (17-20,654) vs low 
concentrations (11.4-1454), showed stunting, icteruo and 
haemorrhage, when exposed to 95 and 99 pg/kg body weight of
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aflatoxin (Edds and Osuna, 1976). in pigs fed with 1.3 rag 
of aflatoxin B., in the diet for 25 days* Cysewski et' al. (1978) 
did not observe any change In the plasma activity of sgpt,
SCOT levels and prothrombin times. The total plasma protein, 
alpha and beta globulin levels decreased while tho gamma 
globulin level showed an Increase. These changes were not 
statistically significant, Only the albumin value in afla
toxin fed pigs expressed a significant difference from that 
of the normal.

Drabek et al, (1979) observed that ingestion of 5.4
10,5 mg/kg live tjelght of aflatoxin Bj caused drowsiness and 
apathy within three hours and death within 12-20 hours, h 
dosage of I.4-3.1 mg/kg body weight of the toxin resulted in 
death of tho animals within 3-25 days.

In experiments conducted by Southern and Clawson (1979), 
in pigs fed 750 ppb and above dietary levels of aflatoxin, no 
significant effect was noticed on the total serum proteins, 
albumin and igG fraction but the IgM fraction was found to 
be increased.

Miller et al. (1981) observed a decrease in haematocrit 
value and haemoglobin level in pigs fed diet containing 
0.4 fig/g and 0.8 pg/g aflatoxin respectively for ten weeks. 
Though Salmonella cholorae suis var kuzendorf was inoculated 
on the third week of the experiment, no significant effect was 
observed on the total leukocyte count. Serum levels of got, 
alp and AST were higher in aflatoxin fed pigs. The total



protein, albumin, alpha and beta globulins and the albumin* 
globulin ratios decreased while the gammaglobulin level 
increased. The pigs inoculated with Salmonella had a higher 
gammaglobulin level,

Aflatoxin when fed daily to young pigs at a dose rate 
of 0.2 mg/kg body weight for ten days* significant increase 
in the haemoglobin levels and erythrocyte count was observed 
from the sixth day and this was followed by an abrupt drop in 
haemoglobin, rGV and RBC values by the tenth day of the 
experiment. Liver specific enzyme levels were increased after 
48 hours. The total plasma protein and all the protein frac
tions were significantly reduced (Osuna and Edds, 1982).
Ho (1982) fed pigs crude aflatoxin Bj and G^ daily at dosages 
of 23, 44 and 90 pg per kilogram body weight for six weeks and 
ob,served that in the higher dosage groups there was yellowish 
discolouration of urine within three weeks. Pigs that died 
manifested jaundice and rectal haemorrhage. The levels of 
SGPT, SCOT, LDH, ALP and bilirubin showed an increase in the 
group given tho highest dosage whereas the- serum cholesterol, 
triglycerides, total lipids, albumin, globulin and total plasma 
protein levels decreased during the latter part of the experi
ment.

Hiller ct al. (1982) recorded increase in isocltric 
dehydrogenase, alkaline phosphatase, sorbitoldehydrogcnass 
and aopartoaminotransferase activity in six of the eight pigs 
orally dosed with aflatoxin at 1.2 mg/kg body weight. There
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was significant increase in gamma glutamyl transpeptidase 
activity.

vishalakshan et al. (1984) did not observe any signifi
cant alteration in the total erythrocyte count, haemoglobin, 
packed cell volume, erythrocyte sedimentation rate and total 
leukocytic values in adult pigs fed daily with crude aflatoxin 
at 0.1S mg/kg body weight for three months taut a variation in 
the absolute count of lymphocytes was observed. Dietary afla
toxin at levels of 0.37S mg/kg and 0.750 mg/kg fed to young 
pigs did not alter the levels of serum protein, bilirubin,
SGPT, alkaline phosphatase, gammaglutamyl transferase and 
urinary gammaglutamyl transferase (Tapia and Seacwright, 1985),

2,1.3. An overview of aflatoxicosis in pigs In India.

2.1.3.1. Spontaneous cases,

Aflatoxicosis in pigs was encountered for the first time 
in Kerala during the period 1965-1968 in the piggery farm 
attached to the Veterinary College. The groundnut cake fed 
to tne pigs which contained high level of aflatoxin was 
incriminated as the cause for liver damage (Sajan et al. 1981). 
They also attributed aflatoxin as one of the important etio
logical factor associated with sinus tumour in pigs. Outbreak 
of acute aflatoxicosis in. pigs in Tirupathi was recorded by 
sriramamurthy et al. (1981).

Dhanvantarl gt al, (1982) made clinical observations on 
a natural outbreak of aflatoxicosis in Large White Yorkshire 
pigs.
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Chauhan et al. (1984) recorded twenty cases of hepato
cellular carcinoma in pigs.

2.1.3.2. Experimental studies.

An assessment of the cell-mediated Immune response of 
adult pigs An subacute aflatoxicosis was made by VAshalakshan 
et al. (1984).

2.1.4, Pathology of aflatoxicosis In pigs.

In acute cases normal handling of the pigs led to massive 
subcutaneous haemorrhage (Hauser et al. 1971)» Cross haemorr
hage occurred in many parts of the body, especially in the ham 
areas. The increased pressure in the gluteal muscles lad to 
ataxia, and animals presented a dog like sitting position with 
taehypnoca and panting (Edds, 1979).

2.1.4.1. Acute toxicitys
2.1.4.1.1. liver.

Grossly, the liver was enlarged, icteric and contained 
pofcecbiae, liver lesions and increase in the liver weights 
indicated toxin stress* The gall bladder was in some cases 
atrophic (Burnside e£ 3l, 1957; Loosnore and Harding, 1961; 
Annau et al. 1964; Kilson e& al. 1967? <eyl et al. 1968;
Gagne zgt al. 1968s Khyl and Booth, 1971; Osuna et al. 1977; 
Edds, 1979; hn and Ho, 1982; Qsuna and Edds, 1982). Micros
copically, early liver changes were seen in about three hours 
(Patfcorcon, 1973). Disorganisation of hepatocytas with fatty 
changes occurred. By six hours, tho cells were swollen and
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eentrilebular congestion and necrosis ware evident. These 
changes were accompanied by karyorrhexis and pyknosis, 
Infiltration by neutrophils and lymphocytes occurred by 
12 hours in the necrotic areas. Congestion continued to 
increase and was accompanied by leukocyte infiltration. Bile 
duct hyperplasia end faile casts in canalicull were also evi
dent, Those changes were in accordance x?ith the observation 
made by Sippei at al. (1953); Burnside at al. (1957); Loosmore 
and narding (1961); Allcroft et al. (1961); Harding et al. 
(1963); Wilson et al. (1967); Armbrecht (1978); Hiller et al. 
(1982).

Lower dosages extended ovor a few weeks produced many 
of the features described. However, reticulum and collagen 
fiber proliferation and bile duct hyperplasia were observed 
along with dntra cellular glycogen depletion and lipid infil
tration, These reactions required several days to take place 
(Shalkpp et al. 1967; Sisk et al. 1968).

2,1*4.1.2. Kidney.
Increase in the weight, swelling and haemorrhage ’were 

reported by Burnside et al. (1957); i<eyl et al. (1968); Lu and 
Ho (19S2),

2,1,4.1.3. Spleen,

Engorgement of the spleen occurred in acute cases. 
Microscopical examination revealed lymphoid depletion (Burnside 
gfc al. 1957; Wilson at al. 1967).
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2.1.4.1.4. Bymphnodes.

Congestion and oedema o£ the lymphnodes were reported 
by Bnrnsi.de e^ al. (1957).

2.1*4.1.5. Gastro-intestinal tract.
Haemorrhagic gastroenteritis with occasional erosions 

and ulceration was reported by Burnside et ail. E1957) ,

2.1.4.1.6. Peritoneal cavity,

Amber coloured fluid in nodcrate quantitios was observed 
by Burnside et al. (1957); Loosmore and Karding (1951).

2.1.4.1.7. Heart.
Hydcopericardium with accumulation of an amber coloured 

fluid associated with petechlae and icterus of the heart muscle 
were observed toy Burnside al. (1957); Loosmora and Harding 
<1951),
2*1.4,1.8. Thyroid.

Increased thyroid body weight ratio and histologically 
evidence of thyroid hypoplasia were recorded (Loosraore and 
Harding, 1951; Wilson et al. 1967).

Petechial haemorrhages ware found in tho fat, muscle, and 
subcutaneous tissue (Armbrecht, 1978),
2,1.4.2. chronic toxicity.
2.1,4,2.1. Biver.

Grossly, the liver developed a hard fibrous texturo and 
the entire organ was dark yellow ’with scattered raised brown 
lumps and coarse nodularity. In earlier stages, the gall 
bladder of some animals was distended. In advanced cases, 
the gall bladder was atrophic and the wall was oedematous.



The nil® was semetines dark and had a 'thick* consistency 
(Wilson et al. 1967s Xwasakl et al* 1974s AEnibrecbt. 1978). 
Microscopically, the kind of liver lesion and its degree of 
extensiveness were dependent on the tine and dosage rate 
relationship that proceeded the examination. There was 
pronounced centrilobular necrosis. The cytoplasm of the 
cells was granular and vacuolated or completely absent.
There was pronounced karyorregaly of the surviving hepatic 
cells. Increased proliferation of reticular fibres, pseudo
lobulation with regenerating islands of hepatic calls, bile 
duct proliferation and progressive Increase in collagen 
fibres were also evident. Most of the regenerating cells 
contained neutral fat globules, as the lesion progressed 
there was numerous foci of lymphocytes and few eosinophils 
and large nodules of regenerating liver cells with a collagen 
capsule extending throughout the parenchyma and above the 
liver surface (Sippel et al. 1953j Burnside gt al. 1957s 
Loosnore and Harding, 1961; Harding et al. 1963; Shalkop et al. 
1967s Sisk et al. 1963; Armbrecht et al. 1971j Miller et al,
1981), Hepatocellular carcinoma was observed by Shalkop and 
Armbrecht (1974) and Chauhan et al. (1984),

2,1.4.2.2. Kidney.
Grossly, petechiae or linear haemorrhages were evident 

in the cortex or at the aortico-medullary junction* Icteric 
fluid was sometimes found in the pelvis. Microscopically, 
karyomegaly and vacuolar degeneration of uriniferous tubules
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were observed (Wilson et el. 1967s Armbrecht, 1978). In 
some cases metastatic nodules of hepatocellular carcinoma were 
seen (Chauhan e£ al. 1984),
2.1.4.2.3. Spleen.

Metastatic lesions of hepatocellular carcinoma were 
observed (Chauhan ot al. 1984).
2.1.4.2.4. bymphnodes.

In short term cases (less than one year), congestion and 
haemorrhages were found in the hepatic lyraphnodes. in pro
tracted cases (over two years) metaatases of malignant cells 
from the liver were occasionally seen (Armbrecht, 1D78;
Chauhan et al. 1984).
2.1.4.2.5. Gastrointestinal tract.

Depending on prior dosage, haemorrhages were seen. Meta
static seeding of hepatocellular carcinoma occurred in the 
omentum (Armbrecht, 1978),

2.1.4.2.6. Peritoneal cavity.
Metastatic lesions of hepatocellular carcinoma were observed 

by Chauhan et al. (1984),
2.1.4.2.7. Thyroid,

Increased thyroid body weight ratio was observed by 
hoosmore and Harding (1961) and Wilson et 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 response o£ different species to aflataxina

Aflatoxin exerts an effect on resistance to infection 
and development of acquired immunity. The fact that aflatoxin 
binds DNA, thus inhibiting protein formation* attracted a 
number of people to study its effect on immunity and resistance.

2.2.1. Effect of aflatoxin on the humoral immune response.
2.2.1.1. Laboratory animals.

The first demonstration of tho effect of aflatoxin on 
antibody formation Was in mice in which typhoid agglutinin 
titres were low after subcutaneous injection of aflatoxin 
(Galikeev et al. 1968). Lowered titres occurred when vaccina
tion began before aflatoxin administration; however, no anti
body formation or minimal titres occurred when aflatoxin admi
nistration proceeded vaccination or if aflatoxin and vaccine 
were administered simultaneously. In this study, the quantity 
of aflatoxin administered was not given, Thurston et al, (1974) 
observed that oral dosing of guinea pigs with 0.1 mg and 
0.3 mg aflatoxin daily for four weeks had no effect on the 
antibody production in Brucella abortus vaccinated animals, 
however they had lesser weight gain than their controls.
Spleenic atrophy with nearly complete disappearance of Malpighian 
corpuscles was observed in rats which were fed aflatoxin 
(Franco et ai. 19SZ). The primary and secondary antibody res
ponse were found to be suppressed in adult male mice given 
0, 30, 145 or 700 fig/tcg body weight of aflatoxin B1 orally 
(Reddy et al. 1983).
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2.2.1.2. Turkey.

In situations uncomplicated by disease sane investigators 
have used different antigens to assess the effect of afla- 
tcscine on antibody production. According to observations 
made by Pier and tteddleston <1970), there was no diminution 
in antibody response to Pastearella multoclda in turkays fed 
0.25-0,5 ppm of aflatoxin B,. Pier et §1. (1973) observed 
no change in antibody level in turkeys given New Castle Disease 
virus vaccine before, during or after 0.5 ppm aflatoxin con
sumption, but a lag in interferon production was noted during 
the first 24 hours in aflatoxin fed birds. Density gradient 
turtey serum fraction® did not show qualitative or quantitative 
antibody differences but impaired resistance to Paateurella 
multocida infection in turkeys vaccinated against foul cholera 
was not necessarily associated with antibody, as tho deficit 
could be overcome by giving vaccinated birds either normal or 
immune serum prior to challenge inoculation {Pier et al. 1972). 
Tests used to measure antibody production in phase studies 
were indirect hasmagglutination, agglutination, complement 
fixation and precipitation.

In a single study in which a mycotic agent, Aspergillus 
fumiqatus. 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 fact, 4 of 12 birds on aflatoxin 
diet had preeipitins to Aspergillus lumigatus. but none of the 
13 birds fed normal feed had preclpicins (Richard et al. 1973).
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2.2.1.3. Chicken.
Aflatoxin caused a highly significant and dose dependent 

reduction in circulating antibodies in broiler chicken (Thaxton 
and Hamilton, 1973.). Adlnarayaniah et al. (1973) observed no 
measurable effect on antibody production against Salmonella 
puilorum antigen in chicken fed IS pg aflatoxin 8j daily for 
73 days.

in cnicfen fed diets containing 0.625-10 ppm aflatoxin 
and given an intravenous injection of sheep red blood cells, 
there was a lag in antibody production during the first nine 
days after antigen administration (Thaxton et al. 1974). How
ever, by the twelfth and fifteenth day after antigen injection, 
antibody titres of the birds fed the higher levels of afla
toxin were greater than those of the controls. The relative 
size of the bursa of Tabriciuo was reduced toy 3Q?S in birds 
fed 10 ppm aflatoxin. Similar results were Obtained in chicken 
fed 10 ppm aflatoxin and infected, with one of several species 
Of Salmonella (Boonchuvit and Hamilton, 1975). In those studies 
aflatoxin fed throughout the experimental period, caused a 
dramatic increase in antisalmonella agglutinins in infected 
birds. 'Fung ot al. (1975) recorded suppression of the igG 
fraction chicken fed aflatoxin at dose levels of 2.5-10 paAj 
of feed, but the Icpt level was normal.

Significant decrease in the concentration of serum igG 
and Igft but not Igs-1 occurred in chicks fed dietary aflatoxin



at 2.3 pg/g fro-rt hatching to four weehs or between two and 
four %?eebs of age (Giawbrone ej; al. 1978).

The formation of antibodies in chicles against New Castle 
Disease vaccine was adversely affected at 0.2 ppm dietary 
aflatoxin (Mohiuddin et al. 1981). The HX titre to Hew Castle 
Disease was decreased in layers fed aflatoxin (Boulton at al.
1982).

Rajasebhara Reddy et al. (1982) employed larger doses 
of aflatoxin (1-4 ppm) in chicks and bursal regression was 
Observed at the dose rate of 1.25 ppm and above,

Aflatoxin (2.5 pg/g) along with ocbratoxin (2 pg/g) caused 
a significant reduction in the relative weight of the bursa 
of Fabricius (Campbell et al. 1983).

2.2.1.4. Cattle,

Aflatoxin Bj concentration * 10 pg/ml significantly 
suppressed the lymphocyte responsiveness to poke weed mitogen 
in vitro, thereby inhibiting the humoral immunity (Paul et al.
1977) whereas aflatoxin was not found to exert any effect on 
the antibody production in steers fed naturally contaminated 
maize containing 800 ng aflatoxin per gram feed, for 17,5 weeks 
(Richard at al. 1983).

2.2.1.5. Goat,

The humoral imunity was lowered in goats fed aflatoxin B̂  
and this rendered them more susceptible to rhinitis and
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pneumonia (Millar al. 1984). The gammaglobulin levels 
were Sound to be higher in the aflatoxin fed goats.

2.2.1.6. Pigs.

Millar et al. (1978) reported that the humoral immunity 
was lowered in pigs fed aflatoxin and they were more suscep
tible to salmonellosis.

2.2.2. Effect of aflatoxin on phagocytosis.

The role of the colls of the mononuclear phagocyte 
system is not completely understood (Van rurth, 1970). since 
aflatoxin decreased complement activity and complement is 
involved in the opsonization process an effect of aflatoxin 
on phagocytosis by the mononuclear phagocyte system might be 
expected (Muller-Eberhard, 1970, 1371).

Michael at «sl. (1973) demonstrated an impairment of the 
mononuclear phagocyte system during aflatoxicosis in the 
chicken, bevels of 0, 0.625, 1.25, 2.5 and 5.0 pg of afla
toxin per gram of feed were given to chicken for three weeks. 
ht th6 end of the experimental period, colloidal carbon was 
Injected into the birds, and disappearance of the carbon was 
determined naphlometrically on blood samples obtained from the 
birds. The reduction in clearance was significant in those 
birds receiving 1.25 pg of aflatoxin per gram of feed whereas 
5 pg of aflatoxin per gram of feed reduced the clearance to 
one-fourth of the control rate.
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Richard and Thurston (1975) demonstrated a decrease in 
phagocytosis of Aspergillus fumioatus spores by alveolar 
macrophages from rabbits given aflatoxin. Rabbits were given 
daily doses of aflatoxin equivalents of Q» 0.03, 0.05, 0,07 
and 0.09 mg for two weeks, incorporation of serum from the 
rabbits given aflatoxin in the culture system resulted in less 
stimulation of macrophages from control rabbits whan compared 
with the seme system incorporating control serum. Stimulation 
of phagocytosis was least when both serum and macrophages from 
aflatoxin treated rabbits were used in the culture system.
Chang gft jgj,. (1976) demonstrated an impairment of phagocytosis 
of staphylococcus aureus by chicken heterophils in chicken 
given dietary aflatoxin at levels of 0.625 pg/o of feed and 
above. Chemotactic ability of leukocytes from chicken given
2.5 fig a£latoxin/g of feed was also inhibited.

Impairment of phagocytic activity of chicken monocytes 
in aflatoxicosis was also reported by Chang and Hamilton (1978),
2,2.3, Effect of aflatoxin on cellular iRinunitv.

The thynue and thymus derived lymphocytes appear to be 
exceptionally sensitive to the effects of aflatoxins and Mj.
2.2.3,1, «ice.

Bjqpoaure of adult mice to aflatoxin at dose rates of 
0, 30, 145 or 7QQ fig/kg body weight orally for 2-4 weelcs 
resulted in suppression of lymphocyte biastogeneals at all 
levels tested (Reddy et al. 1983).



2.2,3.2, Guinea pig.

Chung et al, {1970} demonstrated delayed hypersensitivity 
reaction against aflatoxin 3^, and G2 ''hen administered
intradermally. Significant suppression of cutaneous hyper
sensitivity to a Bpcardla asteroidos sensitin in guinea pigs 
fed 0.035 mg aflatoxin Bj an in vitro reduction in migration 
inhibition factor with cultured peripheral blood leukocytes 
in aflatoxin recipients was reported toy Pier (1981),

McLaughlin et al. (1984) observed reduction in the number 
of 1* lymphocytes in the peripheral blood of guinea pigs fed 
aflatoxin at 0.06 mg/kg body weight daily for three weeks.

2*2.3*3. Turkey.

Thymic involution occurred in turkeys fed a diet con
taining 0.5 ppm of aflatoxin for too weeks and this was 
likely to affect delayed hypersensitivity and graft versus 
host reactions (Pier et al. 1972).

2*2.3.4. Chicken,

Thymic involution to the extent of 55% occurred when 
birds were dosed with 0.625-10 ppm of aflatoxin (Thaxton 
et al» 19741.

The cell-mediated immunity xvas suppressed in chicken fed
2.5 pg/g aflatoxin in the diet from 2-4 weeks of age or from 
hatching to four weeks of age (Giainbrone et al. 1978). The 
The authors also observed diminution in hypersensitivity skin

26
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reaction of delayed type to tuberculin in chicken given afla
toxin from hatching to 7 weeks of age.

2.2.3.5. Cattle.
Aflatoxin concentration of > 10 jig/ml significantly- 

suppressed the lymphocyte response of cattle to phytomitogens 
in vitro. Lymphocyte response of Mycobacterium bovis infected 
animals to specific antigen PPB was significantly suppressed 
at aflatoxin concentration of 0.5 jig/ml. Fifty to 100 fold 
higher concentration of aflatoxins Were required to produce 
50% suppression of lymphocyte response to phytomitogens 
(PHA, Con A) as compared with that of ppd (Paul gt al. 1977).

A waning of delayed cutaneous hypersensitivity reaction 
was observed by Richard ot al. (1983). when steers were fed 
a ration containing 800 ng/g of aflatoxin.

Aflatoxin B^ and C-̂ at concentration of 10 pig/ml strongly 
inhibited lymphoblastogenesi a of bovine lymphocytes stimulated 
with Moderate to strong inhibition of blastogenesis by
aflatoxin Bj and its metabolites inhibited T lymphocyte func
tion such as killer, helper, effector* or other immune processes 
and thus compromised the immunological surveillance mechanism 
(Bodine et al. 1984).

2.2. 3.6. Horses.

Marked depletion of lymphocytes in the blood was observed 
in equine aflatoxicosis (Aagsubh&kom ej; al. 1981).



2.2.3.7. Pigs,

Miller ©t al. (1278) studied the effect of aflatoxin 
on cellular immunity. It was demonstrated that pigs fed 
aflatoxin gave decreased response to mitogen by 3 K Thymidine 
uptake and macrophage inhibition. Decreased cellular response 
was shown to dermal challenge with Mycobacterium antigen.

Vishalakshan et al. {1984) assessed the cellular response 
of pigs fed aflatoxin at G.1S mg/Jtg body weight for three 
months. It was observed that there was progressive reduction 
in the total lya$>hocyte count. The T lymphocyte count assessed 
by AJJAE technique was found to be appreciably reduced by the 
8th week*
2.2.3.8. Man.

Aflatoxin inhibited the activity of human blood 
lymphocyte cultures established with the addition of 0.1-200 pg 
of aflatoxin Bj/rrsl and stimulated with phytofaaeraagglutinin. 
Aflatoxin also decreased stimulation of lymphocytes by potent 
aatigens such as tuberculin and mumps antigen (Savel e^ al. 
1970).
2.2.4. Effect o£ aflatoxin on resistance to disease.
2.2.4.1, Chicken*

Brcsm and Abrahms (1935) consistently isolated Salmonella 
from eases of aflatoxicosis in poultry. Subsequent studies 
demonstrated that aflatoxin Incorporated in the diet at 5 pg/g
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had no significant effect on mortality In two different breeds 
of chickens given oral doses o£ Salmonella qallinarum (Smith 
et al. 1969).

The incorporation of aflatoxin at levels of 0.625 to 
10 fig/g in the diet of chicken increased their susceptibility 
to Candida albicans infection (Hamilton and Harris* 1971). 
Enhanced infection was determined by measuring the relative 
crop weight of the birds. Tung et al. (19715 demonstrated 
that a smaller dose of 0*625 ppm of dietary aflatoxin could 
cause increased susceptibility to infections.

increased susceptibility and mortality due to Bimerla 
tenella infection tJaS found in chickens on diets containing 
0.2 ppm of aflatoxin and 2.5 ppm aflatoxin (Edds et al.
1973; Wyatt et al. 1975; Edds and Simpson, 1976), Interaction 
between aflatoxicosis and natural infection with Salmonella 
Worthington on weight gain was demonstrated (iiyatt and Hamilton, 
1975). Increased mortality was reported in chicken fed afla- 
toxin at 10 fig/g of feed and infected with cither one of several 
species of Salmonella which caused paratyphoid in chicken 
(Boonchuvit and Hamilton, 1975). Giambrone et al. (1978) 
reported increased incidence of Marek*s disease in aflatoxin 
fed chicken,

2,2.4.2. Turkey.
Pier and Heddleston (1970) demonstrated impairment of 

acquired resistance to fowl cholera in turkeys fed dietary
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aflatoxin at 0.25-0.5 ppm of 3̂  equivalents either during or 
after the period of Immunisation to Pasteurella multoolda.
The birds did not have protection against challenge although 
birds on normal feed or fed aflatoxin before immunisation were 
protected.

In studies on turkeys in which Hew Castle Disease Virus 
vaccine was used, there wa3 no impairment of acquired immunity 
(pier et al. 1971}. Richard al. (1973) observed no increase 
in susceptibility to aerosols of Aspergillus fumjgatus in 
turkey poults fed a diet containing 0.5 ppm of aflaroxin 
equivalents. Although more birds on aflatoxin diet had visible 
alreac lesions, no differences were found between exposed birds 
on aflatoxin diet and those on normal diet upon histopathologic 
examination of lung lesions.

2.2.4.3. Hamster.
Aflatoxin added to the ration of hamsters did not increase 

their susceptibility to Wvcobaoterlum oaratuberculosia 
(Larsen et al. 1975).

2.2.4.4. Cattle,

In calves fed diet containing aflatoxin at 0,5-1.0 mg/kg 
body weight there was enhanced susceptibility to Fasciola 
hspatica infestation (Edds and Osuna, 1976).

2.2.4.5. Goat.
The cell-mediated immune response was found to be 

suppressed in goats fed aflatoxin (Miller et al. 1984).
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2.2.4.6, Pig,

Afiiatoxin consumption <1.3 mg/pig/day) interfered 
with the development of iromunity following vaccination with 
Srvslpelothrlx rhusiopatftiae baeterin (CyseusJd. et al. 1978). 
Joens ej; al. (1981) observed that pigs fed aflatoxin at 
0.07-0.14 mg/kg body weight had increased susceptibility to 
Treponema hvddvssnterlae Infection but aflatoxin did not affect 
the acquired Immunity in pigs following recovery from swine 
dysentry.

Finishing swine had mange in spite of an aggressive 
treatment protocol for sarcoptic mange. The feed of these 
pigs Was found to contain aflatoxln B̂  <2000 ppb), (225 ppb), 
G, (70 ppb) and G^ (1° ppb) • Many of them had subcutaneous 
abscesses and bronchopneumonia also (Oylces, 1986).

2.3. Assessment of immune response
2.3.1. Evaluation of_humoral .immure .xaaaanaa*
2.3.1.1. Quantitation of gamma globulins in the serum.

The conventional methods to determine gammaglobulins in 
the serum were Ammonium sulphate test, specific method, sodium 
sulphate test, sine sulphate turbidity test and Refractomoter 
method (Patterson, 1967} t-icBeath et al. 1971). They found a 
high correlation between the Values obtained by sine sulphate 
turbidity test (asT) and other methods to determine gammaglo
bulin in the serum.

A direct relationship between tho values obtained by SST 
and paper electrophoresis in determining the concentration of
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gammaglobulin was recorded by Volvenko (1975). Barber (1976) 
compared the concentration of gammaglobulin obtained by various 
methods. Ho preferred 25T over other tests because of the 
accuracy, reliability, and simplicity in procedure.

Pfeiffer et al, (1977) compared single radial immuno
diffusion, ZST, serum electrophoresis and Sefractomster methods 
for quantitation of bovine immunoglobulins. Single radial 
immunodiffusion proved useful for quantification when either 
class or subclass information was needed. ZST measurements 
gave accurate results for total immunoglobulin and was found 
to be equally reliable as serum electrophoresis but quantita
tion of immunoglobulins from total proteins was not reliable. 
Nandakumar (1981) observed that ZST vsas useful in evaluating 
gammaglobulin in the serum of neonatal bids. Fivaz and Currel 
(1981) used ZST for quantifying total serum immunoglobulin in 
diagnosing hypogamraaglobulinaemia in foals. A comparison of 
globulin levels measured by ZST method revealed a good corre
lation with single radial immunodiffusion readings.

2.3.2. Assessment of cell-mediated immune response.
2,3.2,1. Acid alphanaphthyl acetate esterase (ANAE) activity as T cell marker.

hi ot gX. (1973) demonstrated acid alphanaphthyl acetate 
esterase (anae) activity in human lymphocytes. The esterase 
activity prominent in lymphocytes, especially T* cells was 
used as a T cell marker (Mueller ot aj.. 1975). hater 
Osbaldiston et al. (1978) recognised that SUAE activity of



lymphocytes could bo used as a T cell marker In different 
species of domestic animals. They successfully employed -che 
technique in cat, dog, goat, guinea pig, hamster, rabbit, rat, 
sheep and pig. The esterase activity was recognised toy the 
presence of reddish brown granules or deposits in the cyto
plasm. Reddi et al. (1980) demonstrated AMAE activity in the 
peripheral blood lymphocytes of cattle and this test i;as 
recommended for routine use in domestic animals.

Ohingra et al. (1982) observed that in T cells there was 
spherical or oval reddish brown granular reaction product 
adjacent to the cell membrane.

Rajan et al. (1982) used ASTAE as a T cell marker in the 
peripheral blood of pigs in evaluating the immunopotentiation 
response of pigs sensitised with 2,4-dinltrochlorobensenc (DNCB).

Sulochana et al. (1982) observed that the number of anae 
positive lymphocytes (26.34 + 2,56) was the same as E-rosette 
forming cells (26.57 + 2.05) in the peripheral blood of goats.

The cell-mediated immune response in experimental afla- 
toxicosis of pigs was assessed employing mjae activity in the 
peripheral blood (Vishalakshan at al. 1984).

2,3.2.2. Response to micoqen - phytohaemagglutinin (PHA).

Many mitogenB are lectins of plant origin. The first 
observations of lymphocyte transformation concerned the effects 
of phytohaemagglutinin (?ha.) , an extract of the red kidney 
bean Phaseolus vulnarls (Nowell, 1960). Janossy and Greaves
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(1971) recognised pha as a T-cell specific mitogen. Porcine 
T lymphocytes responded well to pha (Binns et al. 1972b;
Hardy end hincij 1973; Crumpton at al. 1976).

suckerman and ho Bugilo (1977) used PHA as a skin test 
for the evaluation of cellular iramunoaorapefcence in normal and 
cancer patients respectively.

PHA caused a direct reaction without prior sensitization 
and this test was advantageously employed in evaluating the 
cell-mediated immunity in nan in recent years (Marchalonis,
1978).

Haggard et al. (1980) reported Intra-dermal PHA response 
In experimental iodine toxicosis in young cattle.

Thein et al. (1981) employed both in vitro and in vivo 
PHA tests no assess the cell-mediated immunity in horses.
Thoy reported that the response to PHA. was an indication of 
delayed type hypersensitivity reaction.

Rajan ot al. (1982) used PHA for evaluating the cell- 
mediated immunity 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) employed PHA intradermaily to assess the 
cell-mediated immunity in cattle bearing carcinoma of the 
Ethmoid mucosa.
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2.3.2.3. Response to 2,4-dinitrochlorobenzene (DNC3).

The cutaneous sensitization test with DNCB has Iseen con
sidered as one of the reliable tests in measuring the cell- 
mediated immune status in man (Brown et al. 1967; Elitoer and 
Morton, 1970).

Many workers (Malavlya et al. 1973} Chskravorthy et al.
1973) have reported, positive responses in 85 per cent to 
100 per cent of normal control subjects. Brummerstedt and 
Basse (1973) were the first to report the possibility of using 
the test to evaluate cell-mediated immunity in calves*

Jennings (1979) evaluated tne dncb response in calves,
DNCB skin test was standardised in cattle by Reddy et al. (1981). 
Subsequently Rajan ot al. (1982) evaluated the efficacy of this 
test in goats. DNCB was used for evaluating the cell-mediated 
immunity in pigs by Rajan ot al. (1982), They standardised 
the technique in pigs. In the same year, Rajan et al. reported 
that DNCB induced a generalised stimulation of cell-mediated 
immune response as indicated by increased number of MAC posi
tive (7 cells) in the peripheral blood of pigs.

2.3.3. Assessment of phacrocvtlc activity.
2.3.3.1. Neutrophils.

Bachner and Nathan (1967) observed that Nitroblue tetra- 
zolium (NBT) was reduced toy neutrophils in vitro and reduction 
was enhanced during phagocytosis. This property was used as 
an indicator to assess the phagocytic activity of neutrophils



36

in man (Park et al. 1963). in man 8.554 of the neutrophils 
were positive and was increased to 29-47% in bacterial infec
tions. Bacterial products like endotoxin enhanced the phago
cytic property (Park and Good, 1970).

Sara (1975) employed the BBT test to assess the function 
of neutrophils in the peripheral blood smear of normal and 
animals ailing from mastitis and in caprine pleuro pneumonia 
cases. It was observed that the number of BBT positive cells 
Increased during infections. Khalifa et al. (1984) used NBT 
test for detecting phagocytic activity in adult rats infected 
with bacteria.

2,3.3.2. Macrophages.

Hedley and Currie (1978) used nbt test to assess the 
function of the peripheral blood monocytes of cancer patients.

Reddy and Rajan (1984), for the first time employed BBT 
salt reduction test to assess the functional activity of acti
vated macrophages in the impression sriears of lymphnodes 
obtained frort Ethmoid tumour bearing animals.





MATERIALS AND METHODS

3.1. Production and quantification of aflatoxin

Aspergillus parasiticus obtained from tho Central Food 
and Technological Rosearch institute, Mysore, was used for 
preparing rice culture. The method described by ShotWoll 
ot al. (1966) was adopted for the production of aflatoxin in 
the laboratory. Tho toxin was extracted as per the method of 
Pons and Goldblatt (1969). The concentration of aflatoxin was 
determined by Thin layer chromatography employing minimum 
fluorescence extinction method (AOAC, 1973).

3,1.1. Biological assay for aflatoxin.

Day-old Khaki Campbell ducklings weighing 45-50 g procured 
from the Duck Farm, Hiranam were used for the study. Five 
ducklings were fed crude aflatoxin extract in propylene glycol 
orally by means of a thin flexible polyethylene arop tube at 
the dose rate of 30 fig/duckling. Five other ducklings kept 
as controls were fed pure propylene glycol. The ducklings 
were maintained on aflatoxin free diet. The gross lesions and 
hlstopathology of liver of the ducklings that died were studied.

3.2, Experimental design

Twenty, clinically healthy Largo white Yorkshire male 
piglings of 2-3 months of age belonging to the Pig Breeding 
Farm, Mannuthy were randomly selected for the experinont. The 
pigs were kept under observation for two weeks before
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commencement of the experiment during which period they were 
screened for common parasitic diseases and other ailments.

The ration schedule followed in the farm was adopted for 
these animals. Every consignment of the feed was screened for 
aflatoxin before feeding It to the pigs*

The animals were assigned at random to three treatment 
groups* Group 1 and Group II consisting of seven animals each 
and Group H I  consisting of six animals. The pigs were housed 
in separate pens for convenience of individual feeding. Group I 
and Group II were given 0.1 and 0.2 milligrams of crude afla- 
tcccin per kilogram body weight daily and Group III was kept 
as control. The aflatoxin was mixed with the ration of each 
animal and was fed orally for a period of three months.

The body weight of the animals was recorded before commence
ment of the experiment and subsequently at fortnightly intervals. 
The daily feed intake was also recorded.

3,3. Haematological studies

Blood samples from all the animals were collected, from 
the anterior vena cava before commencement of the experiment,
48 hours after the administration of toxin, and thereafter at 
ten days interval for 90 days.

Procedures described by Sehalm (1975) were followed for 
the determination of total erythrocyte count, erythrocyte 
sedimentation rate, packed cell volume, haemoglobin, total 
and differential leukocyte counts. Absolute counts of



neutrophils and lymphocytes were calculated from the values 
obtained.

3.4, Assessment of cell-mediated immune status

3,4.1. Enumeration of acid alpha naphthvl acetate esterase 
(AHAE) positive lymphocytes in the peripheral blood.

Wet smears prepared from the peripheral blood, wore iitrae- 
diately fixed. The fixative contained six parts of acetone 
and four parts of 0,038 M sodium citrate (pH 5.4), Tho smears 
were kept in the fixative for 30 seconds, rinsed in distilled 
water and dried. The labelled smears wore 3tored at room 
temperature (Giorno and Beverly, 1980). For staining the 
smears, a reaction mixture was prepared as follows:

In 40 ml of 0.067 M phosphate buffer (pF 5.0), 2,4 ml of 
hoxasotiaed pararosaniline and 10 mg of alpha naphthylacetate 
(liOba) dissolved in 0.4 ml acetone was added and the final pH 
of the reaction mixture was adjusted to 5.8 with 2 H sodium 
hydroxide.

The hexasotized pararosaniline was prepared in the 
following manner:

Equal volumes of two solutions (1) freshly prepared 4% 
sodium nitrite in distilled water ana (2) one gram of para
rosaniline hydrochloride (Sigma Chemicals) dissolved in 20 ml 
of distilled water and 5 nl of 12 N hydrochloric acid were 
combined. The hexasotised pararosaniline which formed was 
shaken and then allowed to stand for one minute before adding 
it to the reaction mixture (Knowles et al. 1978),



The slides were incubated in the reaction mixture for 
18-21 hours at room temperature and thon rinsed thoroughly 
With distilled water and then counterotained with 1% toludine 
blue for 45-60 minutes. The slides were then rinsed thoroughly 
with distilled water, dehydrated in ascending grades of ethyl 
alcohol* cleared In xylol and mounted in DPX and examined 
under oil immersion objective of a microscope. Those lympho
cytes with localised orange and nodular reaction product in 
the cytoplasm were considered as positive colls (t lymphocytes). 
The number of positive cells in every hundred cells was counted 
and recorded,

3,4.2. Cutaneous hypersensitivity reactions.
3.4.2.1. Response to phyto haemagglutinin-M (PRA-*i).

At the end of two months of the experimental period the 
cellular response of both aflatoxin fed pigs and the controls 
was evaluated using PHA-M, The method described by Rajan et al. 
(1982) was employed.

Ten microgramncs of r>HA~h (Difco haborutorles, USA) were 
dissolved in 0.1 ml distilled water# The site chosen was the 
back of tha ear where the skin w a s  comparatively loose. The 
hairs over the area ware clipped. Two sites were marked for 
injecting PHA, The thickness of the skin at these two sites 
was measured using a vernier caliper. At each site 0.1 mi of 
distilled water containing 10 fig of pha-m  was administered 
I/D, The skin thickness at these sites were measured at 24, 

and 4-8 hours. Pieces of skin were taken for biopsy at the
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same intervals and fixed in 1034 formalin, The biopsy specimens 
were processed for histo-pathological studios by the routine 
method and sections tiers cut at 4-5 ji thickness and stained 
with Harris haematoxylln and eosin (H & E), The histological 
changes were studied*

3.4.2,2, Cutaneous response to 2,4-dinitrochlorofoensen© (DNCB),

On the 70th day of the experiment, the cell-mediated 
immune response of the pigs to 2,4-dlnitroahlorobenzene (DNCB) 
was evaluated. The method described by Raj an ot al. (1982) was 
followed.

The site selected for sensitisation and challenge was 
near the base of the ear towards the head. All the animals 
were sensitised on the left side and challenged 14 days later 
on the right side. The area was shaved and a three centimeter 
diameter area was demarcated toy holding a metal ring on to the 
skin at the site. The sonaitation dose was a single applica
tion of 0.25 ml of 235 DNCB (Loba-Chemiewien Pischamend) in 
acetone to each of two 3 cm diameter sites. The dncb solution 
was applied slowly drop toy drop and allowed to evaporate 
quickly toy blowing. The metal ring was kept at the site until 
the solution evaporated. Tho preparation of the site* the 
mode of application of DKCB solution and the dose for challenge 
were exactly the same as for sensitisation.

The thickness and diameter of the skin at the two sites 
before challenging and at 24 and 48 hours after challenge were
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measured. 3kin biopsies at. 24 and 48 hours were taken from 
four animals for histological studies. The tissues were 
fixed in 10'i buffered formalin and paraffin sections cut at 
4-5 p were stained with haemafeoxylin and eosin.

3.5. Evaluation of humoral immune response

3.5.1. Determination of total protein in the serum.

Total serum proteins were estimated by the biuret assay 
method of Jnchiosa (1954).

3.5.2. Determination of gammaglobulin in the serum.

Sine sulphate turbidity test described by McSwan et al. 
{1970) was followed with suitable modifications. The modifi
cations were similar to those followed by STandakumar (1981) 
for evaluating the gammaglobulin in tho serum of kids,

3.6. Assessment of phagocytic activity by 
Nitro blue tefcrasolium salt (NBT) test

3.6.1. Neutrophils.

Tho procedure described by Peacock and Tornar (1980) was 
followed to assess the phagocytic activity of neutrophils 
in vitro, using Niuroblue tetrazolium (H8T) dye reduction test.

The dye solution was prepared by dissolving six milli
grams of Nitroblue tetrazolium (Sisco Research Laboratories» 
Bombay) in 2.5 ml of normal saline. Heparinised blood was 
used for the test and the test was performed immediately after 
blood collection.
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Equal volumes of the dye solution and blood were mixed 
in a polyethylene container and incubated at 3?°C for 30 
minutes, smears were prepared in duplicate* air dried and 
stained tilth Wright's stain. Those neutrophils with blue- 
black (formasan) deposits in the cytoplasm were counted as 
positive. The number of positive cells in every hundred 
neutrophils wero counted. The percentage of positive cells 
was calculated and recorded.

3.6.2, Hacrophaoes.

The dye solution was prepared as above. The method of 
Reddy and Rajan (1934) was adopted and the NBT dye reduction 
test was performed on the lymph node impression smears in vitro.

Immediately after death or following slaughter, the 
prefemoral lymph node on one side was dissected out. The lymph 
node was cut across with a clean blade. The surfaae was 
blotted and impression smears propared from the cut surface 
on clean glass slide. The glass slide was kept in a Petri-dish 
and tho 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 allow the solution to evaporate by keeping 
moist cotton in the petri-dish. After incubation the smears 
were kept at roan 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 macrophages were identified based on their
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morphological characters. The proportion of MB'? positive and 
negative cells was counted. The H3T response wa3 expressed 
as percentage of macrophages containing formasan deposits.

3.7. Morbid anatomy and histopathology

At the end of the experimental period all tho experimental 
as well as the control animals were sacrificed and subjected to 
detailed post mortem examination. The method advocated by 
FAO/SIDA {1968) was followed for post mortem. Animals that 
died during the experimental period were also subjected to 
detailed post mortem. The gross lesions were recorded. The 
Weights of livers Kidney, spleen and heart ware recorded. 
Representative samples of tissues collected from various organs 
of all the animals were fixed in 1094 formalin.

For histopathologieal studies, tissues were processed 
by the routine method. Paraffin sections cut at 4-5 p shlcfc- 
neas wore stained with liarri's haematoxylln and eosin as des
cribed by Sheehan and Hrapchah (19805. Besides this, special 
staining techniques (Van Giosan's picrofuchsin, Grldley's 
modification of silver impregnation method of staining reti
cular fibres) were employed wherever necessary. The procedures 
described by Sheehan anc! Hrapchah (1980) were followed.

For the demonstration of fat in tissues, the frozen sec
tions were stained with Sudan H I  (Lillie and Fullmer, 1976).

3*8. Statistical analysis
Statistical analysis was done using students 't’ test 

according to the method described by Snedeeor and Ccchran (1967).
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RESULTS

The immunopathoiogical response of piglings dosed with 
aflatoxin at two levels (0.1 mg/kg body weight and 0,2 mg/kg 
body weight) was studied fox a period of three months and the 
results were compared with age matched control piglings.

4.1. Quantification of aflatoxin

The concentration of aflatoxin produced on rice culture 
and quantified by thin layer chromatography, on an average 
ranged from 95-105 pg per gram.

4,1.2. Biological assay for aflatoxin.

The ducklings dosed with crude 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 each pigling of 
Group I and Group IX and the period of survival of each animal 
in these two experimental groups are shown in table 1.

The piglings which were administered aflatoxin showed 
depression as compared to the healthy controls. During the 
experimental period of 90 days, one pig of group X died on 
the 72nd day and five pigs of group XI died on the 21st, 23rd, 
67th, 77th and 85th day of the experiment.



Table 1. Details o£ aflatoxin administered to the pigs

31.
50.

Group I (0.1 mg/kg body weight) Grou£> XX (0.2 mg/kg body weight)

Number of 
days

Total afla
toxin admi
nistered (ng)

Pate Number of 
days

Total afla
toxin admi
nistered 

(mg)

• Pate

1 72 142.37 Died 21 63 Died
2 90 108.70 Sacrificed 90 259.24 Sacrificed
3 90 122.2 Sacrificed 77 211.56 Died
4 90 138.18 Sacrificed 23 41.4 Died
5 90 144.6 Sacrificed 67 124.0 Died
6 90 179.32 Sacrificed 85 134.56 Died
7 90 220.8 sacrificed 90 180.52 Sacrificed
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All the aflatoxin fed pigs contracted sarcqpfcie mange 
infection towards the latter part of the experimental period 
■while the control group of pigs maintained under identical 
management conditions remained healthy.

4.2*1. Body weight.

The mean body weights (Kg) at fortnightly intervals of 
both the aflatoxin fed groups and control groups are given 
in Fig. 1(a)

Animals in the control group showed a gradual increase 
in the body weight from an initial 9.71 +0.25 Kg to 32.36 +
2.41 Kg toy the 90th day.

Group I animals recorded a gradual increase in body weight 
from 13.14 + 0.94 Kg to a maximum value of 22.33 + 2.85 Kg by 
the 90th day. The reduction was significant (P< 0.05) from 
that of the control animals on the sixth fortnight and on the 
90th day.

The body weight of group IX animals increased gradually 
from an initial value of 10*42 v 1*21 Kg to 13.6 + 2.41 kg on 
the 90th day. Thera was a significant (9 4 0.05) reduction in 
weight from than of the control group fron the third fortnight 
onwards.

4.2.2. reed consumption.

The average feed consumption (grams/pig/day) of the 
experimental and control animals at ten days interval is 
shown in Fig. 1(b)-
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it was observed that the aflatoxin fed pigs consumed 
less feed compared to the control pigs. The decreased feed 
consumption t?as more marhed in group II pigs given the higher 
dose.

4.3. Haematological studies

The haematological parameters recorded at different time 
intervals of both the experimental and control group of pigs 
are set out in table 2.

4.3.1, Erythrocyte sedimentation rate.

Tho data on ESR are shown in Pig.2. The ESR of the con
trol animals ranged from 9.00 + 1.00 ranv'h to 13.16 + 0.60 rnn/h

during the experimental period.

In Group I animals, a gradual increase was observed from 
the initial value of 5.86 + 1.18 mn\/h to 20.50 +, 1.36 mrr/h by 
the 90th day. The values were significantly higher (P< 0.05) 
than that of the control animals on the 30th and 90th day.

In Group II animals, the ess values showed a rapid 
increase from 4.29 + 1.43 mn/h to 13.49 + 0.92 n«\/h on the 
10th day. Following a transient decrease on the 20th day
{11.86 + 1.20 mw/h), the values increased to 29.00 ± 1.00 m / h

on the 90th day. The increase in ESR values was significant 
(P <0»05) from the 10th day onwards.

4.3.2. PacKed cell volume.
The ?CV values are represented in Fig.2. In the control 

animals, the PCV values ranged from 38.00 + Q.67% to 40.16 + 
0,48% during the experimental period.



T a b l e  2 .  H a e ra o g ra m  o f  t h e  c o n t r o l  a n d  e x p e r i m e n t a l  p i g s  (M e a n  +  s . E . )

I n t e r v a l  i n  d a y e
P a r a m e t e r G r o u p

0 2 1 0 2 0 3 0 4 0 5 0 6 0 7 0 0 0 9 0

C 9 . 0 0
+ 1 . 0 0

1 0 .1 6
+ 1 .0 1

9 . 8 3
+ 0 .4 7

1 0 * 6 6
+ 0 .6 1

1 0 .6 6
+ 1 .0 2

1 1 . 8 3
+ 1 . 0 7

1 3 . 1 6
+ 0 .6 0

1 1 . 8 3
+ 0 .8 7

1 2 . 1 6
+ 0 . 6 5

1 1 . 8 3
+ 0 .5 4

1 2 . 1 6
+ 0 . 6 5

ESR
(twn/h)

I 5 . 8 6
+ 1 . 1 8

e . 4 2
+ 1 .5 8

9 . 1 4
+  1 . 0 7

9 . 5 7
+ 0 .5 2

1 0 . 7 1
+ 0 .4 2

1 0 . 5 7
+ 0 .6 4

1 1 . 5 7
+ 0 .6 5

1 2 . 4 3
+ 0 .7 8

1 4 . 4 3
+ 1 .2 5

1 6 .5 0 *
+ 1 .4 7

2 0 . 5 0 *
+ 1 .3 6

X I 4 . 2 9+ 1 .4 3 9 . 8 6
+ 1 .6 0

1 3 .4 9 *
+ 0 .9 2

1 1 .8 6
+ 1 .2 0

1 4 .4 0 *
+ 0 .5 0

1 4 .8 0 *
+ 0 .3 7

1 6 . 2 0 *
+ 0 .5 8

1 7 .6 0 *
+ 0 .7 5

1 9 .2 5 *
+ 0 .4 8

2 5 . 6 7 *  
+  1 . 2 0

2 9 .0 0 *
+ 1 .0 0

c 3 8 . 0 0
+ 0 .6 7

3 9 . 3 3
+ 0 .4 9

3 9 . 3 3
+ 0 .3 3

3 9 . 5 0
+ 0 .4 3

4 0 . 0 0
+ 0 .5 8

4 0 . 1 6
+ 0 . 4 8

3 9 . 6 7
+ 0 . 3 3

3 9 . 5 0
+ 0 .3 4

3 9 . 8 3
+ 0 .3 0

3 9 . 8 3
+ 0 .3 0

3 9 . 5 0
+ 0 .4 2

PCV
<*)

I 3 9 . 0 0
+ 0 .5 3

3 9 . 5 7
+ 0 . 6 9

3 8 .7 1
+ 0 . 6 0

3 7 . 7 1 *
+ 0 . 5 2

3 6 .4 3 *
+ 0 * 4 3

3 6 .4 3 *
+ 0 .4 3

3 5 . 7 1 *
+ 0 .5 2

3 4 .1 4 *
+ 0 .5 9

3 4 . 1 4 *
+ 0 .5 9

3 2 . 1 6 *
+ 0 . 4 0

3 0 .8 3 *
+ 0 .4 8

n 3 8 . 0 0
+ 0 . 7 8

3 9 . 0 0  
* + 0 .7 0

3 7 .5 7 *
+ 0 .6 4

3 6 . 2 9 *
+ 0 . 6 8

3 3 . 2 0 *
+ 0 .3 7

3 2 . 2 0 *
+ 0 . 3 7

3 2 . 8 0 *
+ 0 .5 8

3 0 .8 0 *
+ 0 .5 8

2 8 . 2 5 *
+ 0 .8 5

2 7 . 0 0 *
+ 0 . 5 7

2 5 . 5 0 *
+ 0 .5 0

c 1 2 . 8 7
+ 0 .1 7

1 2 . 9 0
+ 0 .2 1

1 2 . 8 7
+ 0 .1 5

1 2 . 9 0
+ 0 .0 8

1 3 . 0 3
+ 0 . 1 7

1 3 . 1 0
+ 0 . 1 5

1 3 .1 6
+ 0 .1 2

1 3 . 1 6
+ 0 .1 5

1 3 . 2 6
+ 0 .1 6

1 3 . 1 3
+ 0 .1 3

1 3 . 0 6
+ 0 . 1 5

Hb
( g / d l )

i 1 2 . 6 9
+ 0 .2 0

1 2 . 7 1
+ 0 .2 0

1 2 .6 6
+ 0 .1 7

1 2 . 5 1
+ 0 . 1 9

1 2 .2 4 *
+ 0 .1 7

1 1 .9 7 *
+ 0 .1 1

1 1 . 7 1 *
+ 0 . 1 3

1 1 .5 3 *
+ 0 .1 5

1 0 .8 9 *
+ 0 .1 6

1 0 .6 7 *
+ 0 . 1 8

1 0 .1 0 *
+ 0 . 1 5

i i 1 2 . 7 1
+ 0 .2 9

1 2 . 6 9
+ 0 . 2 7

1 2 . 4 9
+ 0 .1 9

1 2 .2 3 *
+ 0 .1 9

1 1 . 5 8 *
+ 0 .2 1

1 1 .2 8 *
+ 0 .2 4

1 0 .7 6 *
+ 0 .1 7

1 0 .3 2 *
+ 0 .3 .9

9 . 3 5
+ 0 .2 2

8 . 6 0 *
+ 0 .1 1

8 . 3 0 *
+ 0 .1 0

c 6 . 4 7
+ 0 .1 1

6 . 6 1
+ 0 . 0 8

6 . 6 1
+ 0 .0 7

6 . 6 3  
J O  . 0 8

6 . 7 0
+ 0 .0 9

6 . 7 0
+ 0 .0 7

6 . 7 3
+ 0 .0 6

6 . 6 1
+ 0 . 0 5

6 . 6 5
+ 0 .0 5

6 . 7 1
+ 0 .0 7

6 . 6 5
+ 0 . 0 5

RBC count 
( 1 0 6/ p l )

i 6 . 5 6
+ 0 .0 9

6 . 6 3
+ 0 . 1 1

6 . 4 9
4 0 . 1 1

6 . 3 3
+ 0 . 0 9

6 . 0 8 *
+ 0 .0 9

6 . 0 7 *
+ 0 .0 7

5 . 9 4 *
+ 0 .1 0

5 . 7 0 *
+ 0 .1 0

5 .7 2 *
+ 0 .1 0

5 .3 3 *
+ 0 .0 8

5 . 1 0 *
+ 0 . 0 7

i i 6 . 4 3
+ 0 .1 3

6 . 5 3
+ 0 .1 1

6 . 2 9 *
+ 0 .1 0

6 . 0 5 *
+ 0 .1 1

5 .7 2 *
+ 0 .2 5

5 . 3 4 *
+ 0 . 0 7

5 .4 8 *
+ 0 .1 1

5 .1 4 *
+ 0 .0 7

4 . 9 0 *
4 0 . 0 9

4 . 5 7 *
+ 0 .0 9

4 . 3 0 *
+ 0 .0 1

c  -  C o n t r o l ,  I  -  
*

G r o u p  I # I I  — G r o u p I I * P  < 1 0 .0 5
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in Group I animals, a gradual increase from the initial 
value of 39*00 + 0.53% to 30.83 + 0.48% was observed by the 
90th day. The decrease was significant (P< 0.053 compared 
to the control animals from the 20th day onwards*

In Group II animals, from the initial value of 33.00 + 
0.66% a decrease to 25.50 + 0.50% Was observed by the 90th 
day. The variations from the control values were significant 
(p < 0.05) from the 10th day onwards.

4.3.3. Haemoglobin concentration.

The haemoglobin concentration of the experimental and 
control groups of pigs is shown in Pig.2.

The haemoglobin concentration in the control animals 
ranged from 12.87 + 0.17 g/dl to 13.26 + 0.16 g/dl during the 
experimental period.

In Group I animals, from the initial value of 12.69 + 
0.20 g/dl, tho haemoglobin concentration decreased gradually 
to 10.10 + 0.15 g/dl on the 90th day. The variations were 
significant (P< 0.05} from that of the control animals from 
the 30th day onwards.

Group II animals also recorded a lower value from an
initial value of 12.71 +0.29 g/dl to 8,30 + 0.10 g/dl on the
90th day. The variations ware significant <? < 0.05) from the 
20th day onwards.
4.3.4. Total erythrocyte count.

The total erythrocyte count of the experimental groups I
and II and the control animaJs Is shown in rig.2,.

ou



The total erythrocyte count in tho control animals 
ranged from 6.47 + 0.11 ralllion/yil to 6.73 + 0.06 miliion/pl 
during the experimental period of 90 days.

In group I animals, from the initial value of 6.56 + 
0.09 million/pl, a gradual decrease to 5.10 + 0.07 raillion/pl 
was observed by the 90th day. The values from the 20th day 
onwards showed a significant reduction {p< 0*05) from that of 
the control animals.

in group II animals, from the initial value of 6.43 + 
0.13 miillon/pl a decrease to 4.30 ± 0,01 millioa/pl was 
observed by the 90th day. Tho variations from the control 
values were significant (P< 0.05) from the 10th day onwards.

4.3.5. Total leukocyte count.

Figure 3 illustrates the leukocyte response. The 
Mean + S.B. leukagraia of the control and experimental pigs 
is represented in table 3.

The total leukocyte count of the control animals ranged 
from 12.9? + 1.37 (103/pl) to 18.67 +, 1.80 (l03/pi> during 
the experimental period.

In group I animals, the values ware at a higher level 
throughout the experimental period. Prom the initial value 
Of 13.06 + 3.03 (103/pl). a maximum of 22.37 + 3.06 (103/pl) 
value was observed on the 60th day. This was followed by a



T a b l e  3 .  L euJcogram  o f  t h e  c o n t r o l  a n d  e x p e r i m e n t a l  p i g s  (M ean  +  S . E . )

I n t e r v a l  I n  d a y s
P a r a m e t e r G r o u p

0 2 10 2 0 30 4 0 50 6 0 70 80 9 0

C 1 6 * 3 9 1 4 .4 6 1 3 .3 8 1 2 . 9 7 1 4 .4 6 1 4 . 3 8 1 5 .2 7 1 6 .7 5 1 6 .8 7 1 8 .6 7 1 5 .2 8
T o t a l + 1 .9 5 + 1 .6 9 + 1 .5 5 + 1 .3 7 + 1 .6 3 + 1 .6 5 + 1 .7 6 + 1 .4 6 + 1 .8 0 + 1 .0 1 + 1 .8 6
l e u c o c y t e X 1 5 .0 6 1 6 .8 1 1 6 .7 8 1 6 . 2 7 1 7 .6 5 1 5 .8 3 1 5 .8 4 1 7 .1 7 2 0 .3 7 2 2 .3 7 1 8 .5 3
c o u n t  3  . + 3 .0 3 + 2 .2 1 + 0 .9 5 4 0 . 7 7 + 2 .3 7 4 0 .9 9 + 0 .8 4 + 1 .3 7 + 2 .5 0 + 3 .0 8 + 2 .8 9
C l O V p l ) XX 1 6 .0 2

+ 1 .7 6
1 4 .9 2
+ 1 .5 0

2 0 .5 4
+ 1 .9 2

1 8 .7 4
+ 2 .2 0

1 9 .3 9
+ 1 .8 6

2 5 .2 9 *
+ 4 .5 6

2 1 .3 4 *
+ 1 .6 2

1 8 .3 5
+ 1 .2 7

1 7 .9 0
+ 2 .8 4

3 4 .3 8 *
+ 9 .2 0

2 2 .2 0
± 3 . 4 9

c 5 .6 3 5 .0 7 5 . 0 8 4 . 5 4 3 . 4 1 3 . 8 1 5 .1 0 5 .3 0 5 .0 6 5 .6 4 5 . 3 5
A b s o l u t e ± 3 . 9 3 4 0 .5 9 + 0 .5 7 + 0 .5 3 + 0 .6 5 + 0 . 5 8 + 0 .6 8 ± 3 .6 2 + 0 .6 1 + 0 .  56 ± 3 . 9 8
n e u t r o p h i l
c o u n t X 4 . 5 7 4 .3 3 4 . 4 8 4 . 5 7 6 . 2 5 5 . 8 8 5 . 3 1 5 .3 9 7 .5 2 5 .2 4 7 . 4 3
( 1 0 3/ p l ) + 0 .9 7 + 0 .5 5 + 0 .7 1 + 0 .6 2 + 2 .2 5 4 0 . 7 8 + 0 .5 5 + 0 .7 5 + 2 .8 6 ± 1 .0 1 + 1 * 8 5

XX 5 . 7 4
+ 0 .7 4

5 . 1 0
+ 0 .8 1

6 . 3 0
+ 1 .1 3

8 . 9 3
+ 2 .5 1

7 .0 1 *
+ 1 .3 0

9 .1 5 *
+ 1 .8 3

8 . 8 5 *
+ 1 .1 8

6 * 8 8
+ 1 .2 5

8 .3 9  
+ 1 .5 8

2 3 .9 3 *
+ 1 1 .7 4

1 1 .5 4 *
± 1 . 0 8

c 9 * 8 3 8 . 9 7 8 . 0 3 7 . 6 7 1 0 . 1 0 1 0 . 0 8 8 . 8 7 1 0 .8 0 1 0 .6 9 1 1 .8 3 9 . 3 0
A b s o l u t e + 1 .2 0 + 1 .1 8 + 1 .0 6 + 0 .6 0 + 0 .9 0 4 0 . 9 5 + 1 .0 2 + 1 .0 3 + 1 .2 1 + 1 .3 0 ± 3 . 9 0
l y m p h o c y t e
c o u n t X 9 . 1 6 1 2 . 0 8 1 1 .7 6 + 1 1 .3 4 * 1 0 . 9 9 9 . 3 3 1 0 .4 2 1 1 . 1 5 1 2 .5 4 1 6 .0 1 1 0 . 8 4
( l o V p l ) + 2 .5 9 + 2 .1 8 + 0 .8 8 + 0 .5 3 + 1 .2 4 + 0 .8 3 + 0 .5 2 + 0 .9 0 + 1 .6 9 + 2 .2 9 + 2 .6 5

XX 9 . 5 9
+ 1 .0 0

9 .3 1
± 1 .0 0

1 3 .2 8 *
+ 0 .8 3

9 . 4 8
+ 0 . 8 6

1 1 . 8 7
+ 1 .8 6

1 5 . 3 0
+ 3 .5 4

1 1 .8 9 *
+ 0 .4 4

1 0 .4 0
+ 1 .3 7

8 .1 4
+ 1 .0 6

8 . 8 7
+ 1 .8 0

1 0 .1 0
± 3 . 8 0

c 2 3 .0 0 2 4 . 3 3 2 4 . 8 3 2 4 . 3 3 2 2 . 1 6 2 2 . 3 3 2 2 .8 3 2 3 .1 6 2 3 .6 6 2 3 .8 3 3 8 . 3 3
ANAS + 1 .1 5 4 0 . 7 1 + 0 .6 0 + 0 .6 1 + 0 .5 4 + 0 .5 6 + 0 .7 0 + 0 .4 8 ± 3 * 4 2 ± 3 .4 7 ± 3 . 6 6
p o s i t i v e
l y m p h o c y te s X 2 3 . 2 8 2 3 .0 0 2 2 .4 2 * 2 3 . 0 0 2 1 . 0 0 2 0 .7 1 * 2 0 .4 2 * 2 0 .2 8 * 2 1 .2 8 * 1 9 .6 6 * 2 5 .8 3 *

<*) + 1 .3 4 + P .9 0 4 0 . 6 5 + 0 .8 1 + 0 .6 9 + 0 .4 2 + 0 .5 7 ± 3 .4 2 4 0 .5 2 ± 3 .5 6 ± 3 . 6 0

XX 2 2 . 2 8
+ P .5 6

2 3 . 2 8
+ P .5 2

2 3 .1 4
+ 0 .5 9

2 2 .1 4 *
+ 0 .6 7

2 0 . 8 0
± 3 . 5 8

2 3 .0 0
4 0 . 7 0

1 9 .4 0 *
+ 0 .5 0

1 8 .6 0 *
+ 0 .5 9

1 3 .2 5 *
+ 0 .8 5

1 1 .6 6 *
± 3 .3 3

1 7 . 5 0 *
+ 0 . 5 0

C -  C o n t r o l  9 X -  G ro u p  X , XX -  G ro u p  XX * P<0.05
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reduction to 18.53 + 2.89 (10 /pi) on the 90th day. The 
values were not statistically significant cram that of the 
control values.

In group XI animals* from the Initial value Of 16.02 *
X# 76 (10 /fxl)t & higher level was maintained with the vaiues 
reaching a maximum of 34.38 + 9.20 (10 /pi) on the 80th day 
followed by a reduction to 22*20 + 0,49 (103/pl) on the 90th 
day. The variations were significant (P < 0,05) from that of 
the control values on the 40th* 50th and 80th day.

4.3.5,1. Absolute neutrophil count.

The absolute neutrophil count of all the groups of 
animals is shown in Fig.3. The absolute neutrophil count of 
the control animals decreased from the initial value of 
5.63 + 0.93 (103/pl) to 3.41 ± 0.65 {103/pU on the 30th day 
followed by a transient increase on the 40th day to 3.81 + 
0,58 (10 /pi). Thereafter, a higher level in the range 
5,06 + 0.61 (103/pl) to 5,64 + 0.56 (103/pl) was maintained 
till the end of the experiment.

Group X animals, a higher level was maintained throughout 
the experimental period. The values ranged from 4.57 * 0.97 
<l03/pl) to 7.52 + 2.86 (103/pl) * The variations from the 
control values were not significant.

Xn group XX animals, tho absolute neutrophil count main
tained a higher level throughout the experimental period.

3From the initial value of 5.74 + 0*74 (10 /pi) the value

3
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reached a maximum of 23.93 + 11.74 (10̂ /jil) on the 80th day 
and thereafter It decreased to U.54 + 1.08 (10 /pi) on the 
90th day. Tine variations from the control values were signi
ficant (P < 0.05) on the 30th, 40th* 50th* 8Qth and 90th day.

4*3.5.2. Absolute lymphocyte count.

The absolute lymphocyte count of all the groups of
animals is set out in Pig.3. From an initial value of

**9.83 + 1.20 (10 /pi) in the control group* the values decreased 
to a minimum of 7.67 + 0.60 (10 /pi) on the 20th day. This was 
followed by a gradual increase with the values reaching a 
maximum of 11.83 + 1.30 (103/pl) on the 80th day. Thereafter, 
it shoued a decrease towards the initial value.

In group 1 animals, a higher count was maintained. Prom
the initial value of 9,16 ±_ 2,59 (10 /pi) the values reached a

3maximum of 16.01 + 2.29 (10 /pi) by the 80th day. This was 
followed toy a decrease to 10.84 + 2.65 (10 /pi) on the 90th 
day. The variations from the control values were significant 
(P< 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 /pi) to

13.28 £ 0.33 (103/pl) on the IQfch day. The values then decreased 
to 9.48 + 0 . 8 6  (103/pl) on the 20th day followed by an Increase 
reaching a maximum of 15.30 + 3.54 (IQ3//1!} on bhe 40th day. 
Thereafter, the values gradually decreased reaching a minimum 
of 8.14 + 1.06 (103/pl) on the 70th day and increased to 
10,10 + 0.30 (loVpl) on the 90th day. The variations from



the control values were significant (P< 0.055 only on the 
10th and 50th day.

4.4. Assessment of cell-mediated immune response

4.4.1. Distribution o£ T lymphocytes in the peripheral blood.

Alphaaaphthyl acetate esterase (AliAEJ activity in the 
peripheral blood lymphocytes of all the animals was demon
strated to assess and evaluate the distribution of T lympho
cytes.

Cells which revealed one or two well defined reddish- 
brown nodular reaction product at the periphery of the cyto
plasm close to the cell membrane were counted as T lymphocytes 
and those which did not possess the reaction produce were 
taten as other lymphocytes. The monocytes, neutrophils and 
eosinophils also showed slight esterase activity but the 
reaction was generally diffuse and lymphocytes could be dis
tinguished from them by other morphological features (Pig.4).

The percentage of anaB positive cells of the control and 
experimental animals at different time intervals is represented 
in table 3 and shown in Pig,3. In the control animals, the 
Values ranged from 22.16 ± 0.54% to 24.83 + 0.6054 till the 
80th day. On the 90th day uhe value increased to 38.33 + 0.66%.

In group I animals, the value decreased gradually from
23.28 + 1,34% to 19.66 + 0.5654 by the 8Qth day and it increased 
to 25.83 + 0.60% on the 90th day. The variations from the 
control values were significant (p<0.05) on the 10th day and 
from the 40th day onwards.

55
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In group IX animals, from an initial count of 22.28 + 
O.S654 the value decreased to 11.66 + 0.3354 on the 80th day.
The values increased to 17.50 + 0.50% on the 90th day. The 
variations from the control values were significant (P<0.05) 
on the 20th day and from the 50th day onwards,

4.4.2. Cutaneous hypersensitivity reaction.

4.4.2.1. Response to phytonaema9 glVtinin-M (PKA-M).

Cutaneous response to 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 shin Induration developed after 24 and 48 hours of 
administration of PH& in the experimental groups I and II was 
compared with that of the controls. The biometry of the shin 
thiehness is documented in table 4. The measurement of shin 
thickness at 24 and 48 hours revealed significantly lessor 
response (P< 0.05) in both the experimental groups when com
pared to the controls.

Histonatholoqy of the shin 
Twenty-four hours poat-lnoculatlon

Slight to moderate focal infiltration of mononuclear 
cells was observed in the epidermis and in the dermal layer. 
The cells were mostly lymphocytes with a few macrophages inter
mingled with them. Occasionally neutrophils v?ere also seen 
scattered among -chenu The infiltration of cells was mostly



Table 4. Biometry of the shin thickness before and after administration of 
j?ha-m  (Mean + s.c.)

Control 
Group I 
Group XI

Thickness before 
challenge (mra)

2.00 + O.QO
2.00  + 0.00 

2.00 -4- 0.00

Increase in
thickness
after 24 h o u r s W

2.5© + 0.15 
1.71 + 0.11* 
0.95 + 0.05*

* P< 0.05

Increase in thick— 
ness after 48 hours Crowi)

1.87 + 0.00 
1.14 + 0.00* 
0.30 + 0.00*

in•u
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confined to 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 severity 
of the reaction was less in aflatoxin fed groups, The least 
response was seen in group It animals {Pig.5-7).

Forty-eight hours post-inoculation

Cellular changes appeared more intense. Mononuclear 
Infiltration was more diffuse and expended into the deeper 
layers of the dermis also. At places focal collection of 
these cells were seen. Capillary congestion and perivascular 
infiltration of lymphocytes and oedema were also evident. The 
cellular response was less intense an group I and least in 
group II animals as compared to the controls (Fig. 8-10'i.

4.4.2.2. Response to 2,4-dinitrochlorobenzene (Di-ICB).

The test was conducted on the 80th day of the experiment. 
Group I consisted of six animals and group II only two animals, 
sinco the other animals in both the groups had died earlier.

Afcer application of the sensitising dose there was slight 
reddening of the area Indicating mild local reaction which 
subsided on the next day. The biometry of the skin thickness 
and tne diameter following ONCB 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 experimental groups I and II was





Table 5. Biometry o£ the skin thickness and diameter before and after challenge 
with DHCB (Mean £  S.E.)

Thickness
before
challenge

(mm)

Increase in thickness 
after challenge (ram)

24 hours 48 hours

Diameter
before
challenge
(mm)

Increase in diameter 
after challenge (ram)

24 hours 48 hours

Control 4.83 + 0.15 10.67 ± 0.43 8.70+0.50 3.00+0.00 2.92+0.15 2.25+0.21

Group I 4.78 £0.15 7.48 + 0.18* 6.10+0.25* 3.00+0.00 2,36 + 0.20 1,85 + 0.19
Group II 4.52 + 0.07 5.98 + 0.57* 5.10+1.45* 3.00+0.00 1.52 + 0.00* 1.00 + 0.00*

* D < 0.05

lit
&



significantly lower (p<0.05) both at 24 and 48 hours when 
compared to the reaction in the control group.

The increase in the diameter seen at 24 and 48 hours in 
group I animals was less than the control animals tout was not 
statistically significant. The increase in diameter at 24 and 
48 hours in the group il animals was significantly low 
(P<0.05) when compared to the control group.

Histopathoioav of DKGS reaction

Twenty-four hour oost-challenqe

The focal and scattered infiltration of mononuclear cells 
mainly made up of lymphocytes were observed in the epidermis 
and upper part of the dermis. Moderate number of macrophages, 
a few neutrophils and eosinophils were also seen intermingled 
with them, infiltration of these cells was mostly seen in the 
perivascular region. There was congestion of capillaries.
The oedema 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 oedema 
and perivascular accumulation of cells were less pronounced 
(Fig. 11-13).

Forty-eight hour nost-challence

The cellular infiltration was more diffuse and intense • 
There was pronounced accumulation of lymphocytes and macro
phages in the perivascular location but vascular changes were

bU
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lass. In a few sections capillary congestion and slight 
oedema were still discernible in the dermal layer.

Although the pattern o£ histological reaction was iden
tical in the toxin fed groups, the degree o£ response in 
group IX animals was relatively much less as evidenced by 
the less amount of cellular infiltrate and oedemetous change 
(Fig.14-16).

4.5. Evaluation of humoral immune response

4.5.1. Determination of total protein In the soman.

The mean concentration of total serum proteins deter
mined by the biuret method at different periods is set cut in 
table 6 and is also shown in fig,17. The total protein con
centration in the control animals ranged from 6.60 + 0,10 g/di 
to 6.76 2: 0,09 g/dl during the experimental period of 90 days.
The total protein concentration decreased from an initial value 
of 6,54 * 0.13 g/dl to 5,31 + 0.25 g/dl in group X animals 
and in group II animals from 6,61 ± 0.13 g/dl to 4.30 + 0.00 g/dl, 
on the 90th day. Tho variations from the control values were 
significant (P< 0.05) from the 20th day onwards.

4.5.2. Determination of gammaglobulin in the serum.

The data on mean gammaglobulin concentration of the con
trol and experimental groups at different periods are set out 
in tables 6 and are illustrated in fig. 17, In the control 
animals, the gammaglobulin concentration decreased from an 
initial value of 1.49 + 0,00 g/dl to 1.40+ 0,00 g/dl by the
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Table 6. Serum protein profile of control and experimental pigs 
(Mean + S.E.)

Interval Total serum protein (g/dl) Garremglobulln <g/dl)
in days Control Group I 'Sroup II Control Group I Group II

0 6.63
*0.13

6.54
£3.13

6.61
+0.13

1.49
£3.00

1.29
+0.00

1.40
£3.14

2 6.61 
to. 10

6.12
+0.15

6.43
+0.15

1.50
£0.00

1.33
£3.00

1.22*
+0.00

10 6.63
*0.16

6.17
+0.14

6.38 
+0.10

1.47
+0.00

1.39
£3.10

1.22*
£3.00

20 6.70
+0.13

6.05*
+0.14

5.91*
£3.13

1.42
+0.00

1.38
£3.00

1.39
+0.10

30 6.76£0.09
5.87*
+0.14

4.98*
+0.38

1.40
+0.00

1.43
+0.00

1.36
£3.00

40 6.48+0.17
5.82*
+0.13

5.04*
+0*39

1.40
+0.00

1.46
+0.00

1.40
+0.09

50 6.53
*0.18

5.71*
£3.11

4.52*
+0.18

1.46
+0.00

1.47
+0.00

1.40
+0.00

60 6.46
+0.16

5.69*
+0.12

4.60*
+0.12

1.45
+0.00

1.47
£3.00

1.42
+0.00

70 6.56
+0.14

5.64*
+0.12

4.55*
+0.06

1.54
+0*00

1.42
£3.00

1.42
+0.00

80 6.53
+0.08

5.54*
+0.19

4.40*
£3.05

1.73
£3.00

1.50*
+0.00

1.50
£3.10

90 6.60
+0.10

5.31*
+0.25

4.30*
+0.00

1.81
£3.00

1.61* 
+ 0.00

1.62
+0.02

* P< 0*05
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40th day and then gradually Increased reaching a maximum of 
1,81 + 0,00 g/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 
by the 90th day. The values were significantly lower (p< 0.05) 
than the control group on the 80th and 90th day. In group II 
animals, the gammaglobulin concentration reduced from an 
initial value of 1.40 £ 0.14 g/dl to a significantly lower 
(?< 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 increased 
gradually reaahing a maximum of 1.62 + 0.02 g/dl on the 90th 
day. The variations from the control values were significant 
(P< 0.05) on the 2nd and 10th day.

4.6. Assessment of the phagocytic activity of
neutrophils and macrophages using Nitroblue 
tefcrazolium salt (1JBT) test

Cells wlch blue-black {formasan) deposits in tho cyto
plasm were counted as 1IBT positive (Pig.18),

4.6.1. Neutrophils.

Tho data on the mean NBT positive neutrophils of the 
control and experimental animals at different periods are 
detailed in table 7. Figure 19(a) illustrates 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 animals, the 
percentage of positive cells declined from an Initial value 
of 18.43 + 0.75% to 11.33 + 0.84% by the 90th day. The
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Table 7. Assessment o£ the phagocytic activity using NET 
salt reduction test (Mean + S.E.)

Interval 
in days

NET positive neutrophils (%)

Control Group 1 Group II

0 18.83+0,75 13.48+0.75 19.00+1.00
2 18.33+0,66 18.29+1.26 18.43+0.87
10 13.03+3.60 16.71+1.43 16.00+1.80
20 19.16+0.83 16.86+0.93 11.71+0.52*
30 19.5 +1.20 15,57+1.10* 11.4020.75*
40 20.83+0,03 16.00+0.98* 9.8020.66*
SO 19,83+3.70 16.71+0.89* 9.60+0.40*
60 19.16+0.60 15,86+1.31* 8.40+0.50''
70 19.33+p.71 15.71+1.10* 8.25+0.63*
80 18.33+0,61 14.00+0.90* 7.00+1.00*
90 18.00+1*66 11,33+0.84* 8.00^0.00*

NBT positive macrophages (%)

Control Group I

13.66 11.00*

Group II 

8.14*

* P <0.05
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variations being significant (P< 0.05) from the control 
animals from the 20th day onwards. In group II animals# from 
initial value of 19.00 ^ 1.00%,the value declined to 8.00 + 
0.00% on the 90th day. The variations from the control values 
were significant (?< 0.05) from the 10th day onwards.

4.6.2. Macrophages.

The mean macrophage response to HBT salt performed on 
the prefemoral Xymphnode impression smear is compared in table 7 
and fig.19(b).

In tne control group, the N8T positive macrophages wore 
on an average 13.66%. In group I animals, the number of posi
tive cells was 11.00% and a considerable decrease was observed 
in group II animals in which the number of positive cells was 
only 8.14%. The variations from the control values were 
significant (P<0.05) in both group I and group II.

4.7. Morbid anatomy and histopathology

During the course of the experiment, one animal in 
group I died on the 72nd day and five animals in group II 
died on the 21st, 23rd, 67th, 77th and 85th day respectively.
All the other aninals in rhe experimental as well as control 
group were sacrificed on the 90th day. In the animals that 
died, there was subcutaneous petechial haemorrhage and haemorr
hage in all the visceral organs. The carcase was moderately 
icteric. There was varying degree of ascitis and hydroperi
cardium in all the dead as wall as sacrificed animals in
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group I and group XX. The severity of the lesions was more 
in group XX. The mean relative weights of the liver, kidney, 
heart and spleen expressed as percentage of body weight are 
given in table 8.

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

Group X Group xi Control

liver 9.74
+0.45

10.22+
ip.33

8.85
+0.44

Kidney 3.76*
+0.17

4.45*
£0,13

3.19
+0.08

Spleen 2.59
£0.24

2.48
ip.20

2.01
+p.04

Heart 4.05*
+0,11

4.52*
£3.18

3.35
+0.10

* Indicates significance at 5% level (P<0.05)

4.7.1. liver.

It is evident from the table 8 that the weight of the 
liver in group XX was significantly higher (p < 0.05) when 
compared to that of the control animals. The liver was 
enlarged, yellowish and petechial haemorrhages were seen on 
all the lobes and in the parenchyma (Fig.20).

In one animal of group X, the liver had a hard fibrous 
texture and the organ contained scattered raised pale brown 
nodules (Fig.21). Histologically, pronounaod fatty change 
and centiiobular nearosis were seen (Fig.22). Staining with
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Sudan II and Sudan III revealed fatty cysts In certain foci. 
Hyaline bodies resembling councilman bodies were seen in the 
degenerating hepatic calls (Fig.23)* The normal lobular 
appearance of the liver was accentuated by biliary prolife
ration and bile stasis. Staining by Van Gicson's method 
revealed large bands of fibrocollagenous connective tissue 
coursing through the lobules. This gave a picture of post 
neerotic cirrhosis (Fig. 24, 25).

There was rupture of sinusoids and focal areas of haemorr
hage. Reticulum staining revealed collapse of the lobular 
architecture characterised by collapse and reduplication of 
reticulum. Focal lymphocytic infiltration was also a common 
finding (Fig. 26, 27).

The gall bladder of all the animals in group I and 
group II was moderately distended with pale thin yellow bile 
and the wall was oedematous. Histologically, in the gall 
bladder there was moderate oedema of the mucosa and moderate 
lymphoid infiltration (Fig, 28).

4.7.2. Spleen,

The mean relative weights of the spleen did not indicate 
any statistically significant difference between the experi
mental and control groups. There was no appreciable gross 
lesion except in one animal belonging to group II in which the 
spleen had small nodules on the surface. Microscopically, in 
all the experimental aninals there was haemorrhage and haeno- 
siderosis (Fig, 29),
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4.7.3. Kidney.
The moan 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 XI, the 
kidneys showed yellowish grey discolouration o£ the cortical 
region and in soma cases petechias were also sesh. Gelatini- 
sation of the fat in the renal pelvis was a consistent finding. 
Histologically, the changes wore confined to the tubules. 
Tubular degeneration and desquamation of the epithelium and 
formation of hyaline casts were seen (Pig.30). In few cases 
these changes vese accompanied by scattered foci of haemorr
hage.
4.7.4. Pathology of the lymph nodes.

Gross changes were evident only in the hepatic, meeentric, 
prescapular and prefemoral lyraphnodes which showed moderate 
enlargement. In most of the hepatic lymphnodes there was 
cortical haemorrhage and few were oedematous. The microscopic 
lesions observed in different lymphnodes of group I and 
group II are sot out in tables 9 and 10.

4.7.4.1. Hepatic lymphnode.
In many cases there was cortical haemorrhage and feu were 

oedematous. Microscopically, there was diffuse haemorrhage and 
this was associated with deposition of haemosiderin pigment 
(Fig.31). In most of the cases, there was depletion of lymphoid 
cell population in the cortical and medullary region. The
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Tabic 9. Reaction of the lymphnodss 
Group x

Reactive Haemorrhage lymphoid
depletion

Hormal

Hepatic *r̂- -

Renal * -- - -<-++
Mesenteric •t*4 -M* - - -
Bronchial - - M

Prescapular - - ~
Prefemoral - - —

C+ Mlildj ++ Moderate.+tt Severe)

Table 10. Reaction of -che 
Group XX

lymphnodes

Reactive Haemorrhage lymphoid 
depletion

Normal

Hepatic +++-T ++4-+ •M
Renal ~r - -
Mesenteric *■4++ - - -
Bronchial - «. 4*
Prescapular sf-r4~4* - - -
Prefemoral *1 >H* _ -

(+ Mt id j tt Moderate. } ++•+ Severe.)
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proliferating stromal tissue was seen to replace most of the 
lymphoid tissue* In one animal of group XX there was dilata
tion of lymphatics. Focal areas of congestion and haemorrhage 
were also seen (Fig,32). Sinus histiocytic reaction was sparse 
to minimal. A few lymphnodes were of reactive type. The con
sistent feature of this group was diffuse hyperplasia of 
lymphoid tissue in the cortical, paracortical and medullary 
region* The lymphoid cells in this group were large with 
eosinophilic cytoplasm and loosely arranged chromatin. There 
was also diffuse paracortical and focal histiocytic reaction 
Characterised by islands of histiocytes in the medullary region,

4.7.4.2. Renal lymphnode.
Xn one animal in group X and in group xi, the lymphnode 

was of reactive type.

4.7.4.3. Mesenteric lymphnode.
These were of reactive type (ric«.33).

4.7.4.4. 3ranchial lymphnode.
A reactive nature was evident in group II.

4.7.4.5. Prescapular and prefemoral lymphnodes.

Xn both group I and group II the prescapular and pre- 
femorai lymphnodes were of a reactive nature with sinus his
tiocytosis, The consistent feature of this group was diffuse 
hyperplasia of lymphoid tissue in the cortical, paracortical 
and medullary region. Few lymphoid follicles in the cortical
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region exhibited germinal centre formation. This area appeared 
pale compared to other parts of the lymphnodes, Sinus histio
cytosis was characterised by the presence of largo oval cells 
with abundant slightly foamy granular eosinophilic cytoplasm 
in the medullary region.

4.7.5. Thymus.
Grossly, the thymus was slightly oedematous and contained 

petechiae and echymotic patches both on the surface as well as 
in the parenchyma (Fig.34). Histologically, there was multiple 
focal areas of haemorrhage in the parenchyma and in the inter
stitial tissue. The lymphoid tissue was widely separated by
foci of haemorrhage. Lymphoid cells were few and loosely 
scattered (rig.35). Islands of Hassal's corpuscles undergoing 
degeneration were seen amidst the area of haemorrhage (Fig.36).
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with aflatojdn. This could be attributed to the damaging 
effects of aflatoxin on the hepatic tissue, and this would 
perforce lead to variation in the total protein content and 
the albumins globulin ratio. The mange infection observed in 
the pigs would again be a contributory factor for the increased 
E3R,

The reduction in PCV, haemoglobin and total erythrocyte 
count in the toxin fed pigs reflects anaemia and this again 
can- be a factor which would contribute to the increase in ESR. 
Cysewski et al. (1968); Osuna and Edds (1982) made similar 
observations whereas this feature was not observed by 
Vishalakshan et 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 fed aflatoxin was observed 
by Cysewski et al. (1968); (1976); Miller et al. (1978) and 
Dhanvantari et al, (1982). However, osuna and Edds (1982) did 
not observe any significance in tho total leukocyte count in 
experimental aflatoxicosis of pigs.

There was no significant difference in the absolute 
lymphocyte count in pigs dosed with aflatoxin. This might be 
attributed to the fact that the experimental group of pigs 
had picked up mange infection. This inflammatory response may 
be responsible for masking the immunosuppressive effect of 
aflatoxin. It is pertinent to point out that in spite of
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severe mange infection, the absolute lymphocyte count did not 
show a significant absolute lymphocytosis. This is an obser
vation that would support the conclusion that in the pigs 
dosed with aflatoxin there was immunosuppression. This has 
also beon 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 aflatoxin.

Assessment of ANAE positive cells (T dells) in the peri
pheral blood showed a significant decrease in the aflatoxin 
fed pigs indicating that in these animals the T-cell response 
was relatively suppressed. Similar observations were made by 
Vishalakshan et al. (1984) in pigs fed aflatoxin. McLoughlin 
et al. (1984) also observed a decrease in the number of T cells 
in aflatoxin fed guinea pigs. There was however a transient 
increase in the percentage of ANAS positive cells in later 
stages. This has to be considered as an after effect of drcb 
application in these pigs to assess the CMI response. Rajan 
et al. (1982) recorded an increase in the percentage of AHAE 
positive lymphocytes in pigs following DfJCS challenge. They 
suggested induction of esterase enzyne in T cells following 
DNCB challenge to he the probable reason for their increase.
This increase in t cell population was not reflected on the 
absolute lymphocyte count suggesting that the immune system 
at this stage is suppressed. It may be pointed out that 
Ranki et al. (1976) has shown the possibility of some stimulated
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8 ceils exhibiting AHAE activity. This is a point which has 
to be clarified by further studies.

The cell-mediated immune response (CMI) and indirectly 
the functioning of the macrophage-lymphoid system in pigs fed 
aflatoxin was assessed employing cutaneous hypersensitivity 
tests. PHA—fi and 2,4—dinitrochlorobenseno (DKCB) were used 
for the first tine for assessment of the cell-mediated immune 
response in aflatoxicosis in pigs. These tests clearly demon
strated a lowered cell-mediated inraune response in aflatoxin 
fed pigs and this was reflected by significantly Icwar values 
in skin thickness and in DNC3, the diameter of the reactive 
area also, at 34 and 4S hours. It is significant to observe1 
that the histological changes in the toxin fed pigs at the 
site of inoculation were less pronounced when compared to the 
control animals. These observations would lead to the con
clusion that there has been significant reduction of CMI res
ponse in pigs dosed with aflatoxin. Suppression of CMI res
ponses of pigs in aflatoxicosis was also recorded by Miller 
et al. <1978). The assessment of the CMX response employing 
DNCB and PHA test as markers has shown that the response to 
these markers of CMT "was dose dependent. Pier (1981) suggested 
that aflatoxin may impair the cellular immune response through 
inhibition of the function of T lymphocytes and possibly 
lymphokine production. Haemorrhage and lymphoid depletion 
observed in the thymus of aflatoxin fed piga indicates that 
aflatoxin may exert a direct effect on the immune system of
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pigs. Depletion o£ lymphocytes and involution of thymus in 
chicken fed aflatoxin were recorded by Pier et al. (1972) 
and Thaxton et al. (1974). Maryamraa (1973) also observed 
capillary engorgement and granular degeneration of thymic 
corpuscles of goats fed aflatoxin. According to Cooper et al. 
(1966) thymic defect would be more likely to affect delayed 
hypersensitivity and graft-versus-host reactions than antibody 
production and bacterial clearance. These observations would 
support the conclusion that there is immunological suppression 
in aflatoxicosis.

The damaging effects of aflatoxin on the hepatic tissue 
was reflected by the lowered total serum protein concentration 
in aflatoxin fed pigs indicating that continued low-level con
sumption of aflatoxin had an inhibitory effect on the protein 
synthesis. Decreased protein synthesis could also be attri
buted to reduced feed consumption by the toxin fed animals.
These findings correlate with that of Annau et al. (1964)j 
Cysewski et al. (1968)j 1978s Miller et al. (1981)s osuna and 
Edds (1982) and Ho (1982).

Earlier workers (Edds, I973j Buck ot al. 1976) suggested 
that aflatoxin impaired protein synthesis by inhibiting the 
activity of the DMA and RNA polymerases. Busby and Wogan 
(1981) opined that polysome disaggregation was consistently 
associated with, 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 pigs was significantly
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low indicating that aflatoxin might exert an offset on the 
humoral immune response. Decreased gammaglobulin levels in 
aflatoxicosis of pigs was also recorded by Southern and 
Clawson (1979); Ho (1982); Osuna and Sdds (1982), Suppression 
of humoral response in pigs fad aflatoxin and thoir consequent 
enhanced susceptibility to salmonella infection was pointed 
cut by Miller et al. (1978).

It is very pertinent to point out that in the experimental 
studies carried out in this investigation, the pigs fed 
aflatoxin contracted mange. The control animals did not pick 
up infection although they were maintained under identical 
manageiaental conditions. This is an important point and need 
to be stressed. This is a practical problem emerging as a 
consequence of inssunosuppression. Dykes (1986) also reported 
mange infection in pigs following consumption of aflatoxin 
contaminated feed and he also put forward the same hypothesis.

The apparently increasing trend in the gammaglobulin 
level despite a decrease in the total serunt protein concentra
tion observed in -che aflatoxin fed pigs is an indication of 
the chang® following liver damage. This observation is true 
to the hypothesis made by Richard §t £l, (1978) according to 
which when the liver is damaged, it does not remove or elimi
nate the antigens that have been absorbed by the gastro
intestinal tract and have made their way to the liver and 
thus allows the antigens to interact with antibody producing 
cells resulting in increased gammaglobulin production. Increased
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gammaglobulin levels in aflatoxin fed pigs was also recorded 
by Annau et al. (1964) j Guratomann and Williams (1969); Cysewski 
et al. (1978) and Miller et al. (1981). The NET reduction 
tost employed to assess the phagocytia activity of neutrophils 
revealed a considerable reduction in the number of NET positive 
cells in the aflatoxin fed pigs, it is relevant to refer here 
that NBT salt reduction test was first applied on the neutro
phils as an indicator to assess their function by Park et al. 
(1968) in man and they considered it as an important test to 
assess the neutrophil function. They observed an increase in 
the number of nbt positive cells in bacterial infection. How
ever, in the present investigation, a decrease in their number 
was noticed in aflatoxin fed pigs in spite of the neutrophilia. 
The functional activity of macrophages assessed by the NET salt 
test in the lymphnode impression smear showed a decrease in 
the percentage of MBT positive macrophages. This observation 
is complementary to that observed 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 phagocytic system, which was also dose related. 
This observation is akin to that Michael al. (1973), Chang 
et al. (197S)j Chang and Hamilton (1978) in aflatoxicosis of 
chicken. They recorded impairment of the phagocytic activity 
of heterophils and monocytes.

Richard and Thurston (1975) also documented decreased



phagocytic activity of macrophages in rabbits fed aflatoxin.
The gross and histopathologlcal changes observed in the present 
study 'were related to the dose of the toxin. Pigs given the 
lower dose were loss severely affected. The observation that 
five of the seven animals wbiah received higher dose (group II) 
of aflatoxin died while only one animal out of seven in 
(group I) animals given the lower dose died is an indication 
of the dose related response of animals to aflatoxin.

Subcutaneous haemorrhage and haemorrhage in almost all 
the visceral organs observed in the experimental animals were 
similar to the findings reported by Hauser (1971), Edds (1979) 
and sriramamurthy et al. (1981).

According to Bababunmi and Basslr (1969), the haemorrhagic 
effect of aflatoxin Bj like that of 4-hydroxy coumarin, may be 
due to specific inhibition of the synthesis of prothrombin due 
to the competition for the apoensyme, and not to any generalised 
hepatocellular damage. This can also be due to the inhibitory 
effect on the synthesis of clotting protein. The icteric 
nature, increased liver weight, pronounced hepato-cellular 
necrosis, hepato-cytomegaly and hepatokaryomegaly, prolifera
tion of reticular and collagen fibres, fatty infiltration, 
bile duct proliferation and infiltration with mononuclear cells 
are suggestive of chronic aflatoxlcosis and these findings aso 
in accordance with those of earlier workers (3ippel ct al. 1953s 
Burnside et; al. 1957; Loosmore and Harding, 1961; Harding et al. 
1963; Annau et al. 1964; shalkop et al, 1967; Sisk at al. 1968;
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Armbrechu gt al. 1971; Stewberne, 1973 and Hiller gfe al. 1981).

According to wet/borne and Butler (1969)* the liver is 
the primary target organ of aflatoxin action and becomes in
filtrated with fatty deposits when sufficiently high levels of 
aflatoxins are administered. Since aflatoxin inhibits protein 
synthesis and prevents apoprotein formation required for 
lipoprotein formation, the triglycerides cannot be mobilised 
out of the cell without lipoprotein formation and fatty infil
tration results (Osuna and Edds, 1982).

Hepatic necrosis is thought to result when glutathione 
reserves have boon drastically depleted by conjugation with 
toxic intermediates so that the toxic intermediates are free 
to bind covalontly to vital cellular macromoieeules '{Hatch, 
1982).

There was varying degree of oedema of the gall bladder in 
the experimental group of pigs. This can be attributed to 
poor drainage of bile. This was also recorded by Wilson git al. 
(1967); Iwasahi et al. (1974) and Armbraeht (1978) in aflatoxi- 
cosia of pigs.

The degenerative pathobiological changes observed in the 
toxin fed animals indicated that aflatoxin had secondarily 
affected the hlctaeys also. This is in accordance with the 
findings of Wilson et al. (1967)* Amforecht (1978) and 
Shanvantari et al. (19825.
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Haemorrhage and haemoslderosis in the spleen of toxin fed 
animals are reflections of toxin induced injury. Haemorrhage, 
haemosidarosis and lymphoid cell depletion observed in the 
hepatic lyrapfanodes were suggestive of aflatoxin induced injury 
to the blood vessels of the lymphnodes and to the destructive 
effect of aflatcccin os the lymphoid cell population. "The 
latter is a feature which would substantiate a reduction in 
cell-mediated immune response.

The reactive nature of the mesenteric lymphnode may be a 
part of the inflammatory reaction seen in the Intestine. The 
reactive lyraphadenopathy of the prescapsular and prefemoral 
lymphnode in the aflatoxin dosed nange infested pigs is to be 
considered as a consequence of the severe mange infection seen 
in these pigs. Maryamma (1973) also observed a reactive nature 
in the prescapulars parotid, hepatic and mesenteric lymphnodos 
of goats fed aflatoxin.

By the experimental studies undertaken it was clarified 
that aflatoxin has a significant suppressive effect on the 
inwune system of pigs. The decreased response to cutaneous 
hypersensitivity agents PHA-M and DHC3 along with reduction of 
ASAB positive cells is suggestive of suppression of CMI res
ponse. The decreased level of gammaglobulin indicates a de
creased humoral response and the reduction of NBT positive 
neutrophils and macrophages points to lowered phagocytic res
ponse. These observations were supported by the gross and 
histopathological lesions in the liver, kidney, spleen, and
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the lymphnodes. it was also observed that this immunosuppre
ssion would lead to enhanced susceptibility to infection. All 
the aflatoxin dosed pigs contracted mange infection. In the 
situation prevalent in the farm when the pigs are fed a diet 
contaminated with aflatoxin eventhough at a low level, the 
immunosuppression induced in the pigs predispose them to 
infections. Although the final postmortem diagnosis may be 
often pneumonia, enteritis or some other disease the basic 
cause may be an aflatoxin induced acquired immunosuppression.
This fact will be generally overlooked. It may be pointed out 
that many of the biological agents responsible for causing the 
disease are prevalent in the environment and it is the compe
tency of the immune system which determines the prevalence of 
the disease in an animal. The observations made in this study 
have therefore, great practical relevance and the results stress 
the need for screening the feed samples for aflatoxin contamination 
and the necessity to feed pigs a diet free of aflatoxin. This 
preposition may have limitations as in a State like Kerala with 
a hot and highly humid climate, heavy fungal contamination is 
likely to occur and the situation may warrant to adopt a policy 
of living with aflatoxin. This implies that efforts should be 
made to develop a suitable, simple and cheap technology to 
detoxify aflatoxin in the feed.
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SUMMARY

to experimental study was undertaken to Study the effect 
of aflatoxin on the immune system of pigs.

Aflatoxin obtained from the cultures of Aspergillus 
parasiticus and standardised in the laboratory was used for 
the experiment. Twenty targe white Yorkshire male pigs of 
2-3 months of age ware randomly grouped as controls, group I 
and group II, Aflatoxin was administered orally at the dose 
rate of 0,1 mg/kg body weight and 0,2 mg/kg body weight to 
group X and group XI animals respectively for a period of 
90 days.

Clinically, the toxin fed animals were dull and depressed. 
They consumed less feed and the body weight recorded at fort
nightly intervals was significantly low when compared to the 
control animals,

Thora was increase in ESR and reduction in PCV, haemo
globin and total erythrocyte count in the aflatoxin fed pigs.

There was no significant variation in the neutrophil and 
lymphocyte count in the experimental animals. However, after 
the infection there was slight neutrophilia.

During the course of the experimental period the pigs fed 
aflatoxin contracted mange infection. This observation was 
considered as a clinical evidence of immunosuppressive offset 
of aflatoxin.
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The T lymphocytes (a*w e  positive cells) in the peripheral 
blood of the toxin fed pigs were significantly low than the 
control pigs.

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

The serum protein and gammaglobulin concentration were 
significantly low in pigs fed aflatoxin. These observations 
indicated suppression of the humoral immune response.

The phagocytic activity of the neutrophils and macrophages 
was assessed by the Nitroblue tetrasolium (HBT) reduction test,
A decrease in the phagocytic response was observed in the 
aflatoxin fed pigs.

Haemorrhages wore seen in almost all the visceral organs. 
The liver of aflatoxin fed animals was enlarged and icteric.
The gall bladder was distended and oedematous. Patty change, 
centrllobular necrosis, haemorrhage, biliary hyperplasia, 
fibrous tissue proliferation, reticular collapse and focal 
lymphocytic infiltration were the characteristic histological 
features. Haemorrhage and haemosiderosis were ovident in the 
spleen. Tubular degeneration and focal haemorrhages were seen 
in the Jcidney. The thymus and the lymphnodes revealed deple
tion of lymphoid cells and focal areas of haemorrhage, Some
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of toe lyraphnodos revealed reactive proliferative response.

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

From the observations made* it was concluded that afla
toxin suppressed the cell-mediated and humoral immune response.
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ABSTRACT

The immune response of pigs fed aflatoxin at two diffe
rent dose levels, 0.1 and 0.2 mg/kg body weight was studied.

The reduction in weight gain observed in the aflatoxin 
fed pigs was associated with decreased feed consumption and 
total serum protein concentration.

There was increase in BSR and decrease in PCV, haemoglobin 
and total erythrocyte count in the toxin fed groups.

The neutrophilic and lymphocytic count did not show any 
significant variation except when the animals contracted mange 
infection. Following infection there was slight neutrophilia.

The cell-mediated Immune response was assessed employing 
ahae, pha and nNCB as markers, A decrease in the immune res
ponse Was documented in the aflatoxin fed pigs.

The humoral immune response was found to be suppressed 
as evidenced by a decrease in the concentration of total serum 
protein and gammaglobulin in the toxin fed groups.

The phagocytic activity of neutrophils and macrophages 
was assessed using Hitroblue tetrasolium (HOT) teat. The data 
revealed a decreased phagocytic activity.

Haemorrhages were seen in almost all the visceral organs. 
The liver of aflatoxin fed animals was enlarged and Icteric.
The gall bladder Was distended and oedemafcous. ratty change, 
centrilobular necrosis, haemorrhage, biliary hyperplasia,
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fibrous tissue proliferation,  reticular collapse and focal 
lymphocytic infiltration were the characteristic histological 
features. Haemorrhage and haemosiderosis avident in the 
spleen. Tubular degeneration and focal haemorrhages wore 
seen in the Kidney. The thymus and the lysnphnodes revealed 
depletion of lymphoid cells and focal areas of haemorrhage. 
Some of the lyniphnodes revealed reactive proliferative res
ponse.

Regular screening of feed for aflatoxin was advocated as 
a routine farm operation to prevent the deleterious effect of 
aflatoxin on the health and productivity of pigs.


