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INTRODUCTION

Intensive rearing o f  ducks has occupied  an im portant place 

in m o d em  poultry  practice T his led to  loss o f  m ost o f  its innate 

resistance to  d iseases as com pared  to ducks w hich  w ere reared in 

natural hab itat w herein  d isease problem  seldom  posed  a threat

D ucks under intensive system  o f  m anagem ent are exposed 

to m any o f  the chem ical and biological toxins, p red isposing  them  

to be highly suscep tib le  to m any d isorders d irectly  affecting  their 

production  potential A m ong the b iological tox ins m ycotoxins 

produced on food com m odities by a variety  o f  fungi leading to 

subsequent contam ination o f  various anim al feed stuffs still poses 

a  great p rob lem  today D ucks are h ighly  su scep tib le  to the 

in ju rious e ffec ts  o f  the  p o ten t and com m on  m yco tox in  the 

aflatoxin  A flatoxicosis can  occur either in  the acute fatal form 

or as the insid ious form  w ith  c irrhosis o f  liver and carcinogenesis 

The pathophysio log ical changes associa ted  w ith  the toxicoses 

have been  studied  in detail (A splin  and C am aghan  1961 Butler 

1964 and R ajan et a l , 1989 ) A flatoxin  B1 induces a variety o f 

changes in the system  lead ing  to  a  m ultitude o f  d isorders through 

its in teraction  w ith  ce llu lar and subcellu lar com ponents

E a to n  a n d  G a lla g h e r  (1 9 9 4 )  r e p o r te d  th a t th e  b io  

transform ation  o f  aflatoxin  and the extent o f  to tal D N A  adduct 

form ation w ere intim ately linked w ith  the ir toxic and carcinogenic 

effects A flatoxin  induced cytological alterations in ducks has 

not been stud ied  ex tensively  as com pared to  other species

I
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To elucida te  the  cyto-patholog ical a ltera tions associa ted  w ith 

afla tox icosis, an experim ent w as conducted  in  ducks u tilising  

a fla to x in  B1 at g rad ed  lev e ls  an d  the  re su lt o f  w h ich  w ere 

com pared  in a sim ilar experim ent u tilis ing  a  know n chem ical 

carcinogen 4 dim ethyl am ino azo benzene

T he study included  the follow ing

1 Experim ental interaction  o f  aflatoxicosis in ducks u tilising 

pure aflatoxin B 1, and the chem ical carcinogen 4 dim ethyl 

am m o azo benzene

2 E valuation  o f  toxicity  at various levels u tilising  sensitive 

tests such as serum  b ilirub in  serum  enzym e estim ation 

haem atology and histopathology

3 F e a th e r  p u lp  te c h n iq u e  b o n e  m a rro w  te c h n iq u e  

hepatocyte techn ique and lym phocyte cultu re to evaluate 

chrom osom al changes
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REVIEW OF LITERATURE

2 1 A F L A T O X IN  A N D  B O D Y W tK .l l l

The literature on influence o f  aflatoxin on the body weight 

o f  birds were scanty B utler (1964) observed that w hen day old 

Khaki C am pbell ducklings were given 1 fyg aflatoxin orally, these 

lost weight for about two days It was also observed that by 3-4 

days, the birds recovered their initial w eight and continued to 

grow at the rate com parable to that o f  the controls

Sm ith and H am ilton (1970) reported that 2 5 ppm  o f 

aflatoxin could be considered as the growth inhibitory dose

A rafa at a l (1981) observed that in goslings, 0 7m g o f 

aflatoxin/Kg caused some increase in body weight com pared with 

control birds In quail chicks, they found that those birds receiving 

0 07 m g o f  aflatoxin/K g consum ed less feed during the second 

week D uring the third week, a toxin level o f  2 1 m g/Kg was 

necessary to reduce the feed intake

Reddy (1981) observed significant reduction in weight 

gain even at 0 75 ppm  levels in broiler chicken at fourth week o f 

age Reddy et a l  (1982) observed significant reduction in the 

body w eight gain at one ppm  level

H uff et a l (1984) reported reduction in body w eight of 

broilers by O chratoxin A and a com bination o f  ochratoxin A and 

aflatoxin treatm ents on a long term  basis
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G hosh  et a l (1989) fed ch icken w ith  0 3 ppm  and one 

ppm  o f  aflatoxin  B1 in an experim ent for a  period o f  six w eeks 

and recorded  stun ted  grow th, reduction  in feed consum ption  and 

decreased  w eight gain R izvi and S hakoon (1992) observed  a 

reduction  in  the total live and dressed  w eights o f  b ro iler chicken 

during  the first w eek o f  aflatoxin  adm inistra tion  (at the rate o f  

9 278 m g/K g body w eight) in contrast to  linear w eight increase 

in control birds

2 2 H A E M A T O L O G Y

T he alteration  in the haem ato log ical param eters due to 

aflatoxicosis has been w ell docum ented  by m any w orkers

2 2 1 E R Y 1 I IR O C Y 1E  S E D IM E N  FA H O N  RAT E

The e levation o f  erythrocyte sed im entation  rate values has 

been an indication  o f  anaem ia in b irds and  an im als Fernandez 

et a l (1995) observed increased  erythrocyti c sed im entation  rate 

in laying hens affected  w ith  aflatoxicosis

2 2 2 P A C K E D  C E L L  V O L U M F

D e c re a s e d  P a c k e d  c e ll  v o lu m e  w a s  o b s e rv e d  by 

T ung e t a l  (1975) w hen  m ale broiler ch icks w ere given aflatoxin 

at the dose o f  2 5/*g/g and th is w as supported  by R eddy et a!

(1980) and  R eddy (1981) reported  low ered packed  cell volum e 

in b irds w hen fed w ith  0 5 ppm  o f  aflatoxin  D ay old broiler 

ch icks w hen received  aflatoxin  at 0 5 ppm  dose level show ed a 

d e c re a se  in  p a c k e d  ce ll v o lu m e (M o h iu d d in  et a ! 1986)
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Significant reduction in packed cell volum e w as observed in 

broiler chicken by A njaneyulu et a l (1993) w hen fed w ith one 

ppm  o f  aflatoxin for three w eeks A reduction  in packed cell 

volume was also reported in aflatoxicosis in eight w eeks old chicks 

by M am et a! (1993)

2 2.3 H A E M O G L O B IN

A naem ia  has b een  o bserved  as a c lin ica l fea tu re  o f  

aflatoxicosis in ducks and chicken Brown and Abram s (1965) 

observed a slight anaem ia in ducklings and N ew  Ham pshire chicks 

w hen  fed  0 5 ppm  o f  afla to x in  for six  days L ow ering  o f  

haem og lob in  co n cen tra tio n  and  an aem ia  w ere reco rd ed  by 

Tung et a l (1975) in m ale broiler chicks at the dose o f  1 25fg/g 

or above Feeding o f  aflatoxin at 0 75 ppm to birds resulted in 

significant reduction in haem oglobin level (Reddy et a! 1980 

Reddy, 1981) The decrease in haem oglobin was observed by 

M ohiuddin  et a l (1986) in  day old broiler ch icks w hen fed 

withO 55 ppm  dose level o f  aflatoxin

B alachandran and R am akrishnan (1987) reported that the 

anaem ia in aflatoxicosis m ight be due to a com bination o f  both 

haem orrhagic and haem olytic type in treated birds A highly 

significant reduction  in haem oglobin  value w as observed by 

A njaneyulu et a l (1993) w hen brolier chicken w ere fed w ith one 

ppm o f  aflatoxin for three weeks
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2 2 4 E R Y T H R O C Y T E  C O U N T

W hile studying the ‘X ’ diseases o f  birds, W annop (1961) 

observed a significant decrease in erythrocyte count as a  prominent 

feature o f  the disease A reduction in the erythrocyte count was 

also observed by Tung et al (1975) in  an experim ental study 

conducted in m ale broiler chicks adm inistering a dose o f  0 625 

pg/g Com parable reduction in total erythrocytes was also recorded 

by Reddy et a! (1980) and Reddy (1981) in their experim ental 

studies feeding one ppm  o f  aflatoxin to b irds M ohiuddin et al 

(1986) also recorded a decrease m  total erythrocyte count when 

aflatoxin at 0 5 ppm dose level were fed to day o ld  broiler chicks

2 2 5 T O T A L  L E U C O C Y T E  AN D  D IF F E R E N T IA L  C O U N T

W annop (1961) observed a  m arked increase in  leucocyte 

count in b irds affected w ith ‘X ’ disease, w hich was due to an 

increase in the num ber o f  heteroph ils an d  m onocytes The 

heterophil count and m onocyte count were four and eight tim es 

higher in the affected ones than the healthy birds respectively 

However, he reported a  m arked reduction in the lymphocyte count

Tung et a l  (1975) recorded a m arked increase in leucocyte 

num ber w hen the experim ental m ale broiler ch icks w ere fed 

aflatoxin at a dose rate o f  1Opg/g A n increase in heterophils and 

a reduction in basophils were observed

H e te ro p h i l ia  an d  ly m p h o p e n ia  w ere  o b s e rv e d  by 

S ova et a l  (1 9 9 1 )  in e x p e r im e n ta l b ro ile rs  w hen  a d ie t 

containing five per cent Zeolite and 25 mg aflatoxin B 1 w asted
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2.2 6 W H O L E  B L O O D  (  I O I  I IN G  ITM F

Effect o f  aflatoxicosis on b lood c lo tting  w as docum ented 

by B assir and B ababunm i (1972) They reported  that a dose o f  

58pg o f  aflatoxin  B l/K g  body w eight w as su ffic ien t to cause 

significant prolongation o f  b lood clo tting  tim e and suggested that 

the an ticoagulant effect o f  the tox in  w as due to  specific inhibition  

o f  p ro th rom bin  syn thesis by com petition  for the apo-enzym e 

S ignificant increase in the  b lood c lo tting  tim e in  young  broiler 

ch icken  affected  w ith  aflatoxicosis w as reported  by D oerr et al 

(1974) D oerr et a l  (1976) had assessed  the profound effect of 

aflatoxin  in ch icken  on  b lood clo tting  and  to  them  coagulopathy 

a s s o c ia te d  w ith  a f la to x ic o s is  a p p e a r e d  to  be p r im a r ily  

hypothrom binem ia w hich  w as provoked even by concentra tions 

o f  the m ycotoxm  too sm all to  inh ib it grow th D oerr and H am ilton

(1981) found tha t clo tting  tim e w as significantly  altered  by 5 and 

lO/'g aflatoxin  per gram  o f  feed and the m ean prolongation  o f  

clo tting  tim e w as 30 seconds Such a  pro longation  ind icated  that 

blood from  aflatoxin fed b irds w ere defic ien t in factors o f  the 

in trinsic pathw ay o f  coagulation

2 3  S E R U M  (  H E M IS T R Y

2 3  1 T O T A L  S E R U M  P R O T F  IN

V a r ia tio n  in  s e ru m  p r o te in  h a s  b e e n  r e p o r te d  in 

aflatoxicosis by m any w orkers

R eddy c t a l (1982) reported a decrease in total serum
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pro te in  in  afla tox in  fed  b ird s  C h a n g  an d  H am ilto n  (1982 ) 

considered depressed serum  protein to  be a very sensitive indicator 

in  e x p e r im e n ta l  a f la to x ic o s is  c a u s e d  by  th e  f e e d in g  o f

1 25pg/g o f  the tox in  in quails H arvey e t a l (1989) investigated  

the effect o f  a fla tox in  on  to ta l p ro te in  co n ten t in serum  and 

reported a decrease in serum  concentra tion  o f  total p ro teins at 

th ree m ilh  gram  o f  aflatoxin  B 1 per kilogram  o f  feed A  decrease 

in total serum  protein  level during  aflatoxicosis in  b irds given 

w ith  six ppm  o f  the tox in  w as observed by Jassar et a l  (1993)

S hukla and P achauri (1995) observed that w hen  aflatoxin 

w as fed to  day o ld  cockerels at the rate o f  2 5 ^ g  and 10^g /g  o f 

feed resu lted  in  decreased  serum  total p rotein

2 3.2 S E R U M  A L B U M IN  A N D  G L O B U L IN

A red u c tio n  in  S erum  a lbum in  level w as recorded  by 

H arvey et a l  (1989) w hen broilers w ere fed w ith  aflatoxin  B 1 at 

the rate o f  three m illigram s per kilogram  o f  feed G hosh et a l 

(1 9 9 0 ) co n d u c ted  ex p e rim en ts  w ith  b ro ile rs  an d  o bserved  a 

reduction in album in and globulin  values in  afla tox icosis Shukla 

and P achauri (1995) observed  that feeding o f  day old cockerels 

w ith  aflatoxin  at the rate o f  2 5 m g and 10 m g per gram  o f  feed 

resulted in decreased  album in  globulin  ratio

2 3  3 S E R U M  E N /.Y M E S

Enzym ological evaluation o f  serum  o f  birds in aflatoxicosis 

was not well docum ented  in the literature
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A decrease in the serum  aspartate am ino transferase (A ST) values 

in aflatoxin  fed b irds had been reported  by R eddy et a l (1982) 

B alachandran and R am akrishnan  (1988) m ade observations in 

broiler chicks w hich w ere fed w ith aflatoxin  m ixed feed at one 

ppm  and  th ree ppm  and  found  that the Serum  alan ine am ino 

transferase (ALT) values in  the control and treated  groups w ere 

not in detectab le am ounts

2 3  4 S E R U M  B IL IR U B IN

Serum  b ilirub in  levels w ere not seen altered  in day old 

layer type cockerels w hen  fed w ith aflatoxin  at the  rate o f  2 5pg 

and lQfg/g o f  feed (S huk la  and Pachauri, 1995)

2 4 IlE P A T O PA  I I I O I  O G Y

E xtensive w ork has been docum ented  on  the structural 

pathology o f  liver in aflatoxicosis

2 4  1 N O N -N E O P L A S  I K ' IIE P A T K  I  E SIO N S

2 4 1 1  G R O S S  P A rH O L O G Y

B utler (1964) observed that after feed ing  higher doses o f  

aflatoxin, l e 25 50 and 100 g, the livers o f  ducklings w ere putty 

c o lo u re d  w ith  a few  sm a ll a re a s  o f  h a e m o rrh a g e  w ith o u t 

conspicuous enlargem ent H e also observed  that at a  dose level 

o f  8 5 gram s, the liver w as slightly  paler than  norm al, but was 

free from  haem orrhages A t a dose level o f  5 or 1 5p  g, no gross 

lesions o f  the liver could  be observed
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C arnaghan  (1965) d id  experim en t w ith seven days old Khaki 

C am pbell ducklings by feeding them  w ith seven ppm  o f  aflatoxin 

B1 an d  o b se rv e d  th a t the  live rs w ere  p u tty  co lo u re d  w ith  

num erous yellow ish w hite lesions o f  1-2 m m  diam eter Solid 

yellow  nodules w hich varied in size from 1 -2 cm  d iam eter w ith 

a num ber o f  sm all irregularly  shaped  necrotic lesions w ere also 

observed

Spherical yellow ish  w hite fleshy grow ths o f  varying sizes 

(0 5 cm to 2 0 cm  diam eter) w ere seen em bedded  in the liver 

parenchym a in ducks aged betw een  2 to  2 1/2 years (C hristopher 

a  a l 1968)

M uller et aI (1970) observed that the m ost significant 

pathological changes occuring  in  the liver due to  aflatoxicosis 

vvas brow n sm all, tan w ith greenish  d isco louration  T he surfaces 

of the livers show ed a g ranular irregularity  H epatic lesions like 

pale yellow  disco louration  w ith  haem orrhages and  nodu les w ere 

observed by M oorthy el a l (1985) in ch icken  in experim ental 

aflatoxicosis

M oorthy et a l ( 1986) fed aflatoxin to ch icken  at the level 

c f 6 25 ppm  died  w ith in  a span o f  three w eeks and those received 

3 12 ppm  show ed nodular grow th o f  1 -5m m  diam eter in  the liver

B a la c h a n d ra n  an d  R a m a k rish n a n  (1 9 8 7 )  co n d u c te d  

experim ental studies w ith  day old com m ercial broilers to evaluate 

the pathology o f  aflatoxicosis They observed  that the livers from 

the b irds fed w ith  one ppm  level o f  aflatoxin  w ere enlarged pale
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or d iscoloured with M oroccan leather appearance in the first two 

weeks and yellow  coloured in the next tw o w eeks At three ppm 

level in addition to these lesions, the liver in all the birds was 

enlarged, soft and friable w ith yellow ish d iscolouration from the 

first week onw ards

M aryam m a et a l (1990) fed aflatoxin to ducks at the dose 

rate o f  one ppm  and observed extensive hepatic lesions The 

liver was pale, friable w ith greyish w hite nodules o f  0 5 -lcm  

diam eter were present over the parenchym a Several foci o f  bile 

s tasis  w ere observed  T he gall b ladder w as edem atous and 

distended w ith dark green bile

R am adevi et a! (1990) did experim ent w ith broilers by 

feeding aflatoxin B 1 at the dose rate o f  tw o ppm  for eight weeks 

A ccording to them, grossly, the liver was pale yellow  and enlarged 

w ith  p e te c h ia l h a e m o rrh a g e s  in  th e  in i t ia l  p e r io d  o f  the 

experim ent In the later period the changes were m ilder but 

greyish foci were seen

Singh et a! (1993) opined that being the par excellence 

organ in detox ification  the liver was the first to exhib it the 

m orphological and pathological changes in aflatoxicosis

Bakshi et a! (1995) fed broilers w ith aflatoxin at 0 38 

and 0 75 ppm dose level for six weeks and observed haemorrhagic 

spots along w ith infarction on the liver At 1 5 and three ppm 

level liver exh ib ited  en largem ent yellow ish  d isco louration  

petechical haem orrhage and tatty change
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2 4  1 2  I I IS IO P A I H O I O t.Y

Butler (1964) conducted experim ental studies in Khaki 

Cam pbell ducklings w ith aflatoxin and recorded the sequential 

histopathological lesions He observed that by 24 hours after 

exposure to 15^g o f  aflatoxin, oval cell proliferation throughout 

the portal system w ith few  m itoses There w as an increase in tat 

at the periphery o f  the lobules where many o f the cells had pyknotic 

nuclei After two days, the oval cell proliferation was more marked 

w ith the first extension into the lobules betw een the parenchym al 

cells

Few scattered eosinophils could be seen but no increase 

in inflam m atory cells The peripheral parenchym al cells showed 

ballooning  w ith fat and rup ture o f  cell m em branes w ith  the 

form ation o f  lakes o f  fat

Similarly, Carnaghan (1965) reported that in the liver o f 

ducks fed with aflatoxin contam inated Brazilian groundnut meal 

show ed small focal lesions w hich w ere m icroscopically lymphoid 

foci com posing mainly o f  m ature lym phocytes surrounded with 

degenerating hyperplastic bile duct epithelium  M itotic figures 

w ere not observed  but periphera lly  the re  w as in filtra tion  o f  

lym phocytes betw een the hepatic cells

G ardiner and O ldroyd (1965) observed ducklings fed with 

extracts o f  peanut m eals The livers show ed m ild to m oderate 

m egalocytosis proliferation o f  small ductules accom panied by 

mild portal tract fibrosis tatty infiltration of liver cells scattered 

necrosis and haem orrhagic foci
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M uller c1 a l (1970) observed  hepatic cell degeneration 

an d  b ile  d u c t h y p e rp la s ia  in d u c k lin g s  w ith  a f la to x ic o s is  

C y top lasm ic v acu o lisa tio n  o f  hep a tic  ce lls  an d  fo rm ation  o f 

hepatic cells into cylindrical duct like structure w ere the typical 

changes Proliferation  o f  bile ductu les from  the periportal zone 

o t lobules in varying degrees w ere evident

C hronic hepatic fibrosis, hepatic regenerative nodules bile 

duct hyperplasia w ere the lesions observed  by Radelefif (1970) in 

ducks and ducklings due to  sub-acute tox ic ity  by aflatoxin

C h in g  (1 9 8 1 )  o b s e rv e d  fa tty  l iv e r  s y n d ro m e  an d  

h is to lo g ic a l in c re a se  o f  fa tty  ch a n g e  in  h e p a tic  c e lls  w ith  

increasing am ount o f  the toxin

D eshek et a! (1983) noticed bile duct proliferation cellular 

n e c ro s is  v a c u o l is a t io n ,  c o n g e s t io n ,  f a t ty  c h a n g e  a n d  

m ild hepatitis in livers o f  eight w eek old quails dosed w ith 0 3 

m g/kg body w eight o f  aflatoxin

M oorthy  et a l  (1 9 8 5 )  o b se rv e d  lip id o s is  s in u so id a l 

congestion  p aravascu lar haem orrhage b ile  d u c t hyperp lasia  

phlebitis, pesudolobulation , fibrosis around  portal areas villow  

p ro life ra tio n  o f  the ep ith e liu m  in large b ile  d u c ts  and  veno- 

occlusive lesions in ch icken in experim ental aflatoxicosis

M oorthy et a l (1986 ) d id  experim en t w ith  ch icken  by 

feeding 6 25 ppm  and 3 12 ppm  o f  aflatoxin  M icroscopically  

liver revealed areas o f  lip idosis regenerating  hepatic cells w hich
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were m oderately circum scribed by thin connective tissue and bile 

duct proliferation

B alachandran and R am akrishnan (1987) observed the 

histopathology o f  livers in day old com m ercial broiler chicks fed 

w ith aflatoxin in varying levels At seven days hyperaem ia 

cloudy sw elling , m ild  hydropic degeneration  and m ild fatty 

changes w ere observed at one ppm  level The fatty changes 

involved more areas o f  hepatic cells and focal areas o f  necrosis 

were prom inent around the central veins At fourteen days, mild 

necrosis was evident and fatty changes and hydropic degeneration 

were m arked The fat globules were larger in size At tw enty one 

days at one ppm  level, extensive necrosis w ith haem orrhage were 

seen in the portal areas Apart from connective tissue proliferation 

around  the portal triad  m ild  d u ctu lar h y p erp la sia  w as also 

o b se rv e d  A t th ree  ppm  level m u lt ifo c a l in f iltra tio n  o f  

lym phocytes were observed At tw enty eight days at one ppm 

level hepatocytom egaly was prom inent The ballooning o f  the 

hepatic cell was so great that the individual cell had ruptured and 

coalesced to form large areas o f  hydropic vacuoles There was 

sligh t en largem ent o f  nucle i w ith  pyknosis The sinuso idal 

reticulo-endothehal cells w ere prom inent At three ppm level 

biliary hyperplasia was seen along w ith m ultifocal collection of 

heterophils and lym phocytes w ith periportal fibrosis

Jayakum ar et aI (1988) adm inistered aflatoxin B1 at the 

dose rate o f  2 5 ^g per duck daily for three m onths and observed 

tatty change hepatic necrosis biliary hyperplasia and hepatocyto 

megaly
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Ghosh et al (1989) conducted experiments in day old cross 

bred broiler chicks to study the pathological effect o f pure aflatoxin 

B1 By 36th day the group receiving one ppm aflatoxin Bl 

showed individualization necrosis o f hepatocytes lymphocytic 

infiltration in portal areas and hypertrophy o f Kupffer cells At 

43rd day exhibited hypertrophy o f hepatocytes (megalocytosis/ 

megalo Karyosis), sinusoidal dilatation, phlebosclerosis and 

firboblastic proliferation

M ukit and Kwatra (1989) observed histopathological 

changes m young ducklings which included degeneration and 

necrosis of hepatocytes with mild proliferation o f biliary epithelial 

cells in an incidence of aflatoxicosis in three Government duck 

breeding farms in Assam

Maryamma et a l (1990) fed aflatoxin to ducks at the dose 

rate o f one ppm and observed hepatic lesions showing biliary 

hyperplasia periportal necrosis o f hepatocytes, hepatocytomegaly 

hepatokaryomegaly and several dissociated round cells with 

hyperchromatic nucleus

Ramadevi et al (1990) did experiment with broilers for 

eight weeks by feeding aflatoxin B 1 at two ppm level and observed 

sinusoidal congestion focal haemorrhages hydropic changes 

mild fatty changes hepatocytomegaly and hypertrophy of Kupffer 

cells in the initial half o f the experiment In the later period 

lipidosis lymphocytic infiltration around portal tracts sinusoidal 

dilatation villous appearance o f bile duct thickened blood vessels 

and focal areas ot necrosis were observed
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H istological analysis o f  necropsy specim ens from  ducks 

20 m onths after receiv ing doses o f  25 and 50 m g/kg body w eight 

o f  aflatoxin  B1 show ed alm ost com plete regression o f  the early 

acute lesions w ith no ev idence o f  n eo p lasia  (S eaw righ t et a l  

1993)

Singh ct a l (1993) reported coagulative necrosis in m id 

zonal area  and in the portal lobu les B ile du ctu les  revealed 

hyperplastic changes at a few  portal areas w hile  fib rosis at other 

places H epatocytes w ere b inucleated  varied  in shape and size 

w ith  p e r ic e llu la r  c irrh o s is  P o rta l v e in s , cen tra l v e in s  and 

sinuso ids w ere engorged w ith  erythrocytes in rabbits at G erm an 

A ngora breeding farm , Tadikhet in A lm ora ( U P )

B akshi et a l (1995 ) d id  experim en t w ith  bro ilers by 

feeding aflatoxin  at 0 38 and 0 75 ppm  dose level for six w eeks 

H isto log ically  at one ppm  dose degeneration  focal areas o f  

necrosis and lym phoid cell in filtra tion  in penon tal areas were 

observed Focal areas o f  heterophilic and lym phocytic infiltration 

in the parenchym a and around bile duct w ere noticed at three 

ppm  level

2 4 2 N F O P L A S 1 IC  H E P A T IC  L E S IO N S

In tra  h ep a tic  tu m o u rs  like h ep a to m a , h e p a to c e llu la r  

carcinom a, cholangiom a and cholangiocellu lar carcinom a have 

been reported  in ducks by C am pbell (1946), C am pbell (1949) 

L om bard  an d  W itte  (1 9 5 9 ), A sp lin  an d  C arn a g h an  (1 9 6 1 ) 

R atchffe (1961) Snvdeir and R atcliffe (1963) and C arnaghan 

(1965)
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Carnaghan (1965) described large nodules in the liver o f 

duck w hich were thickly encapsulated Hepatom a com prising o f 

hypertrophic ballooned cells occasionally contain ing a giant 

vesicular nuclei with very prom inent nucleoli, cholangiom ata 

com posed o f  dense m asses o f  w ell d ifferentiated  bile ducts 

surrouned by a thin fibrous capsule were reported

Christopher et a l (1968) w hile conducting necropsies 

fo u n d  tw o  d u ck s  w ith  n e o p la s t ic  l iv e r  le s io n s  T he 

parenchymatous cells were greatly enlarged and arranged in the 

form o f  alveoli or acini The cellular clumps varied in size and 

were covered by delicate fibrous tissue trabeculae There were 

spaces containing oesinophilic substances and areas o f necrosis 

The neoplastic cells were polygonal in shape and the nuclei were 

greatly enlarged, vesicular and hyperchrom ic w ith prom inent 

nucleoli M itotic activity was present The cytoplasm was deeply 

eosinophilic and granular

Singh and Sharma (1996) conducted necropsy o f  an adult 

male turkey and reported the following hepatic lesions The liver 

was enlarged and yellowish brown in colour with a rupture close 

to the gall bladder The gall bladder was distended with yellowish 

bile Histopathologically, the liver revealed loss o f  architecture 

Hepatocytes showed features o f  hyperchrom asia, presence o f  

m ito tic  f ig u re s , fo rm a tio n  o f  g ia n t c e lls  an d  a d is t in c t 

pleomorphism The Proliferating hepatocytes caused obliteration 

o f  the b iliary  canaliculi Foci o f  necrosis w ith heterophilic 

infiltration were also evident
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Sriram an ct a l (1981) and G ordon and Jordan  (1982) also 

described  hep a to ce llu la r and ch o lan g io ce llu la r ca rc inom a in 

ducks

Z hu et a / (1984) reported hepato  ce llu lar carcinom a in 

ducks P urvulov and Bozhkov (1984) recorded the prevalence o f  

hepatocellu lar carcinom a in fow ls and stated  these  tum ours w ere 

sim ila r to  th e  o n co v iru s  tu m o u rs  In  h e p a to c e llu la r  and 

cholangiocellu lar carcinom a in ducks, the liver w as abnorm ally 

enlarged Irregular m ultip le  nodules o f  0 5 to  2 0 cm  size were 

seen on the surface and parenchym a o f  the liver T here were 

s e \e re  variations in the shape o f  the liver T he colour o f  liver 

varied from  m ostly dark green, yellow  or grey or p ink  or m ixed 

colours The consistency o f  liver varied from  hard to  fibrous 

Gall b ladder w as enlarged (Thyagarajan et a / 1988)

2 4 3 A H  A T O X IN  INDIIC F D HEPA TIC I E S IO N S

A perusal o f  the literature revealed  the  rela tionsh ip  o f  

aflatoxin as an etiological agent and hepatopathy in various species 

o f  anim als and birds

A rm brecht and F itzhugh (1964) reported  that extensive 

liver dam age w as caused by aflatoxin  in b irds at the dose rate o f 

0 1 m g/K g o f  feed for 1 -2 days

2 4 3 1 A H  A T O X IN  INDIIC F D N O N -N E O P I ASTIC HEPATIC

I F S IO N S

Day old Khaki C am pbell ducklings w hen fed 15^g o f
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aflatoxin for three days revealed extensive biliary proliferation in 

the liver w ith fatty degeneration o f  the peripheral parenchym al 

cells (B utler 1964)

Soni et a !  (1 9 9 3 ) ex p e rim en ted  w ith  th ree  day old 

ducklings by feeding aflatoxin B1 at the rate o f  5 m g/day for 

fourteen days and observed severe liver dam age like necrosis 

fatty change and biliary hyperplasia

2 4 3  2 A* L A I O X IN  IN D U C E D  N E O P L A S  IK  HEPATIC L ESIO N S

M any w orkers have attem pted to elucidate and establish 

the etiological significance o f  aflatoxin in hepatic cancers

Yoshida and K am ota (1952) observed that the ducks fed 

with Brazilian groundnut m eal developed hepatom as

Arey (1957) described hepatom as to  be o f  m ultiple origin 

in the liver and their exact cell origin was uncertain He postulated 

that since the bile duct epithelium  and the liver parenchym atous 

cells were both  endoderm al in origin, it w as probable that these 

tu m o u rs  c o u ld  h av e  o r ig in a te d  from  an  u n d if fe re n tia te d  

piarenchymatous cell

A splin  and Carnaghan (1961) fed 0 0 1 %  aflatoxin to 37 

K haki Cam pbell day old ducklings and observed the developm ent 

o f  hepatic tum ours m  five birds They reported that young ducks 

were the m ost susceptible host to the acute toxicity o f  aflatoxin 

and ducks fed w ith a ration containing 0 5%  Brazilian ground 

nut meal for fourteen m onths developed hepatom as (Carnaghan 

1964)
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C arnaghan  (1965) had further reported  that the tum our 

in d u c in g  a f la to x in  B1 c o n te n t in  th e  ra tio n  o f  d u ck s  w as 

a p p ro x im ate ly  0 03 ppm  and  the  sing le  oral LD  50 dose  o f  

aflatoxin  for m ale ducklings w as 0 4 m g/K g

Several investigators described  spontaneous hepatom as 

in ducks induced by aflatoxin (C arnaghan 1965 ,N ew bem e 1966 

and V les 1967)

W ogan and  N ew berne (1967) reported  a 100 per cent 

incidence o f  hepatic tum ours in rats fed a d ie t con tain ing  1 5 rg ' 

kg continuously  for 68-80 w eeks and 100^g/K g for 54-88 w eeks

B u tle r (1 9 6 9 )  d esc rib ed  liv e r  as the  o rgan  p rim arily  

affected and dem onstrated  the carcinogenicity  o f  aflatoxin in rats 

ducks and in trout

R adeleff (1970) reported  that the effect o f  aflatoxin  on 

an im als w as governed by the dose, species o f  anim al the age o f 

the anim al and the duration  o f  adm inistra tion  H e observed that 

p rolonged adm inistra tion  o f  aflatoxin  resu lted  in the form ation 

o f  liver tum ours

Santacruz et a l  (1984) experim entally  fed rats a single 

dose o f  afla tox in  B1 (7 2 m g/K g) for one year and  observed  

productive and generative changes o f  liver

Soffritti and M cC onnell (1 988) reported the developm ent 

o f  h e p a to c e l lu la r  fo c i n e o p la s t ic  g ro w th  an d  

h ep a to c a rc m o m a s  in ra ts  w hen  g iven  a p ro lo n g ed  or sho rt 

treatm ent w ith aflatoxin  B 1
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H epatom a, hepatocellular carcinom a and cholangiocellular 

c a rc in o m a  w ere  o b se rv e d  in  d u c k s  w h ic h  w ere  fed  w ith  

feedcontam m ated  w ith aflatoxin  (R ajan  et a l  1989)

T he carcinogenic and m utagenic action  o f  aflatoxin  B 1 

has been docum ented  by C oulom be (1993) H e reported that 

these activ ities o f  aflatoxin  B 1 w ere the resu lt o f  the affinity of 

the elec troph ihc and highly reactive AFB1 - 8 9 - epoxide for 

cellu lar nucleophiles such as D N A  A ctivated  A F B 1 w ould  bind 

exclusively to  guanyl residues and the A FB 1 - N7 - guanine adduct 

w as the m ost predom inant AFB1 - fo rm am ido  - P yrim idine was 

another com m on adduct isolated T he form ation o f  these adducts 

w as presum ed to  be the first step  in  the developm ent o f  heritable 

m utations from  w hich tum ours m ight arise

E a to n  a n d  G a lla g h e r  (1 9 9 4 )  r e p o r te d  th a t  th e  

b io transform ation o f  aflatoxin  w as in tim ately  linked w ith  their 

toxic and carcinogenic effects They reported  that the d ifferences 

am o n g  a f la to x in  b io tra n s fo rm a tio n  p a th w a y s  w ere  c r it ic a l 

d e term in an ts  underly ing  varia tio n s in  sp ec ie s  se n sitiv itie s  to 

a fla to x in  B1 in d u c ed  c a rc in o g e n esis  C o v a le n t b in d in g  o f  

aflatoxin  B1 8 9 - epoxide to  cellu lar D N A  w as highly correlated 

to the carcinogenic potency o f  aflatoxin  B 1 T rans -8 9 - dihydro- 

(N 7-guanyl) - 9 - hydroxy aflatoxin  B1 was the putative m olecular 

target o f  afla tox in  ca rc in o g en ic ity  T hey  co n c lu d ed  tha t the 

carcinogenic potency o f  aflatoxin  B1 w as h ighly correlated  with 

the extent o f  total D N A  adducts form ed in vivo
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Shen et a l (1994) observed  tha t aflatoxin  B 1 could  cause 

lipid peroxidation in rat liver and suggested that oxidative dam ages 

caused by aflatoxin B 1 m ight be one o f  the underlying m echanism s 

o f  cell injury and DNA dam age w hich w ould  eventually  lead to 

tu m en  genesis

2 5 C Y IO G E N E IIO A S S A Y

Studies on the chrom osom e pattern  in ducks and the effect 

o f  various carcinogenic as w ell as m utagenic agents on these 

chrom osom es w ere scanty in the literature

T h e  m e th o d  fo r  r o u t in g  o b s e r v a t io n  o f  m ito tic  

chrom osom es in avian  species w as the ‘ feather pu lp  technique 

as identified by Shoffner e ta I  (1967) T his m ethod  w as preferred 

by the authors due to  features like ease o f  sam pling, harvesting  

and rapidity o f  screen ing  chrom osom e p reparation

2 5 1 C H R O M O S O M A L  C H A N G E S  INDIIC E D  BY  MYC O  TO X IN S

C hing  (1981) reported  tha t chrom osom e aberra tions were 

not detec ted  in bone m arrow  cells o f  laying hens dosed  w ith 

aflatoxin  B1 at 0 2 5 or 5 ppm  for 28 days

C hattovadhyay  and N am bi (1988 ) reported  tha t AcT-1 

from A sperg illus C a n d  id  as p roduced  chrom osom e aberrations 

m ainly o f  clastogen  type bo th  in  chrom atids and chrom osom es o f 

bone m arrow  ce lls o f  ra ts  w h ich  received  0 5m g/100g  body 

w eight in daily  ration and suggested the m ycotoxin as a potent 

m utagen
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C hrom osom al aberrations in  bone m arrow  cells could be 

e x p e r im e n ta l ly  p ro d u c e d  in  m a le  C h in ese  h a m s te r  a f te r  

intraperitoneal adm inistra tion  o f  afla tox in  (B arta  et a l , 1990) 

They observed that the m inim um  m utagenic effect o f  aflatoxin 

co u ld  be p ro d u ced  at th e  dose  level o f  0  1^ g /K g i f  it w as 

adm inistered on a  long term  basis Similarly, Sharm a et a l  (1991) 

o b se rv e d  c h ro m o so m a l a b e r ra tio n s  lik e  c h ro m a tid  b rea k  

polyploidy and pu lverisation  in  M urrah  B uffaloes exposed  to 

aflatoxin  B1 toxicity  T hey concluded tha t aflatoxin  B1 induced 

several form s o f  chrom osom al m utations

2.5 2 C H R O M O S O M A L  C H A N G * S IN D U C E D  BY C H E M IC  A l  1 0 X I (

A G E N T S

Som e o f  the tox ic com pounds had been  show n to have 

the effect on  chrom osom es in experim ental anim als

A lthough  N icholas et a l  (1979) reported  no increase in 

ch rom osom e b reakage in  Chinese h am ste r  ce lls  w h ich  w ere 

exposed to  m alath ion in vitro  at concentra tions o f  50-400 g/ml 

D oulout et a l  (1983) observed that m alath ion at various dose 

levels could  elicit clastogem c effects in m ice bone m arrow  cells 

The later group o f  w orkers observed tha t the induction  o f  sub ­

chrom atid o r chrom atid type o f  aberrations w as related to the dose 

used M ice trea ted  w ith  230  m g/K g dose show ed increased  

frequencies o f  abnorm al m etaphase They concluded  tha t the 

cytogenetic effect o f  m alath ion  m  vivo  m ight have been p roduced 

by the com pound itse lf  and or by its m etabolites



24

M alhi and G rover (1987) conducted  experim ents with rats 

to assess in vivo  chrom osom al aberra tions in bone m arrow  cells 

d u e  to  o rg a n o p h o sp h o ru s  p e s tic id e s  T h ey  c o u ld  o b se rv e  

ch ro m o so m al ab e rra tio n s  like p u lv e risa tio n , ch ro m a tid  gap 

fragm ents, rings, m ultiple m inutes and one o r tw o pairs o f  term inal 

deletions due to iso-chrom atid  breaks

G rin d em  an d  B u o en  (1 9 8 9 )  re c o rd e d  ch ro m o so m al 

aberrations like chrom osom al m inutes, stubby chrom osom es non 

specific translocations to  be associa ted  w ith  specific tum ours 

S tudies in  m olecular genetics revealed genetic sequences sim ilar 

to  k n o w n  o n co g e n s  at b rea k  p o in ts  in  ch ro m o so m e s  from  

leukaem ic cells
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MATERIALS AND METHODS

3 1 E X P E R I M I N I A L  D E SIG N

O ne hundred  and eight clinically  healthy, one m onth old 

desi ducks procured from  the G overnm ent duck  farm N iranam  

K erala w ere used for the study These ducks w ere randomly- 

d iv ided  into th ree groups o f  thirty  six b irds each and w ere tagged 

w ith num bers The birds w ere m aintained m  deep litter in separate 

room s and w ere given com m ercial duck  feed tested  and found 

free o f  aflatoxin W ater w as given a d  lib itum

G roup I T his group w as fu rther d iv ided  into

tw o sub-groups A and B

Sub-group A T h is  g roup  c o n s is te d  o f  e ig h tee n  b ird s 

w hich  w ere given afla tox in  B1 at the dose 

rate o f  10f\g/Kg body w eight

Sub-G roup B T h is  g roup  c o n s is te d  o f  e ig h tee n  b ird s  

w hich w ere given aflatoxin  B1 at the dose 

rate 15yng/Kg body w eight

G roup II T his group w as fu rther d iv ided  in to  tw o 

sub-groups C and D

Sub-group C T h is  g roup  co n s is te d  o f  e ig h teen  b ird s 

w hich  w ere given 4 d im ethyl am ino  azo 

b e n z e n e  at th e  d o se  ra te  o f  5 m g /kg  

body w eight
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Sub-group  D  T h is  g ro u p  c o n s is te d  o f  e ig h te e n  b ird s

w h ich  w ere given 4 d im ethy l am ino  azo 

b e n z e n e  at th e  d o se  ra te  o f  10 m g /k g  

body w eight

C ontrol G roup  T he contro l group consisted  o f  th irty  six

b ird s

3 1 1 A F L A T O X IN  B1

Pure aflatoxin B1 was obtained from the M/s Sigma Chemical 

Co St Louis USA Fifty milligrams o f the toxin was dissolved in 5ml 

o f  rectified spirit to make stock solution o f  the toxin Each millilitre o f 

the stock solution was further reconstituted to 1000ml with distilled 

water for administration This reconstituted solution contained 10/ g 

and 15/-g o f  pure toxin in 1 ml and 1 5 ml respectively Ducks m the 

sub-groups A and B were given appropriate ml o f the reconstituted 

toxin solution corresponding to the body weight p er  os by oesophageal 

intubation on alternate days for a penod o f  four months

-l 1 2 C H E M IC A L  C A R C IN O G E N

(4 D IM E T H Y L  A M IN O  A Z O  B E N Z E N E )

A chemical carcinogen, 4 dimethyl amino azo benzene was 

obtained from M/s E Merck, Dramstadt Germany Ten grams o f 4 

dimethyl amino azo benzene was dissolved m 100ml o f  rectified spirit 

w hich was fu rthe r d ilu ted  to  1000ml w ith d is tilled  w ater for 

administration This solution contained 1 Omg o f  pure carcinogen
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per ml The ducks belonging to  sub-groups C and D w ere given 

appropriate ml o f  the reconstitu ted  solution corresponding  to the 

body w eight p e r  os  by oesophageal in tubation  on alternate days 

for four m onths

T he control b irds w ere given the vehicle at appropriate 

( oncentrations

J .2  E X P E R IM E N T A I P A R A M E T E R S

B o d y  w e ig h t ,  h a e m o g ra m  v a lu e s  ( E ry th ro c y te  

sed im en ta tio n  ra te , packed  ce ll vo lu m e h ae m o g lo b in  total 

erythrocyte count, total leucocyte count and differential count) 

b lood clo tting  tim e serum  total p ro tein  level serum  album in 

( oncentration , serum  globulin  concentration , album in-g lobuhn  

la tio , serum  asparta te  am ino  transfe rase  level serum  alanine 

am m o transferase level, serum  bilirubin content and chrom osom e 

( haracters w ere recorded during  the experim ental period The 

birds w ere observed daily for any clinical sym ptom s

The study covered the fo llow ing aspects 

1 Body W eight

I O bservation  o f  clinical sym ptom s

? H aem ogram  values

4 B lood clo tting  tim e

> E stim ation  o f  serum  to ta l p ro te in  album in  globulin

and album in-g lobuhn  ratio
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6 E stim a tio n  o f  se ru m  a s p a r ta te  a m in o  tra n s fe ra se  and 

serum  alan ine am m o transfe rase

7 E stim ation  o f  ch rom osom e p a tte rn

8 G ross and  h is topatho logy  o f  liver

3 3  I t (  H N IQ U E S

3 3 1 C I IN IC  A L  S Y M P T O M S  A N D  B O D Y  W E IG H T

B oth the contro l as well as th e  experim en ta l groups o f  

b ird s  w ere  w eig h ed  at f ifteen  days in te rv a l T he b ird s  w ere 

observed  daily  for c lin ical sym ptom s i f  any, an d  recorded

3  3 .2 C O L L E C T IO N  O T B L O O D  S A M P L E S  I O R  L A B O R A T O R Y  

E S T IM A 1  IO N

B lo o d  s a m p le s  w e re  c o l le c te d  f ro m  th e  w in g  v e in  

a s e p tic a l ly  T w o m il l i l i t re  o f  b lo o d  w as  c o l le c te d  to r  the  

haem atological stud ies using  d ipo tassium  salt o f  E thylene diam ine 

te tra  acetic  acid  (ED TA ) at th e  rate o f  1 m g/m l o f  b lood  as the 

anti coagu lan t F ive m illilitre  o f  b lood  w as co llec ted  separate ly  

in  a s te rile  te s t tu b e  w ith o u t a d d in g  an tic o a g u la n t for serum  

separation

3  3.3 H A E M O G R A M

E rythrocyte sed im en ta tion  rate and  packed  cell volum e 

w ere estim ated  on  1 5 30  45 60 75 90 105 and  120 days using 

the m ethod  d esc rib ed  by W introbe (1981)
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H aem oglob in  level w as estim ated  on 15 30 45 60  75 

90 105 an d  120 days em ploy ing  the cyanm ethog lob in  m ethod  

describ ed  by M iale  (1967 ) and  the final read ings w ere taken  in 

an  E rm a pho tom ete r

T o ta l e ry th ro c y te  c o u n t to ta l  le u c o c y te  c o u n t a n d  

d iffe ren tia l coun t w ere m ade on 15,30 4 5 ,6 0 ,7 5 ,9 0 ,1 0 5  and  120 

days by the m ethod  o f  Schalm  (1975)

3 3  4 B L O O D  C L O T T IN G  T IM L

It w as  r e c o rd e d  e m p lo y in g  c a p i l l a r y  tu b e  m e th o d  

(B en jam in  1978)

3  4 S E R U M  C H E M IS T R Y

3 4  1 l O I A I  P R O T E IN , A l B U M IN  A N D  G L O B U L IN  IN  S E R U M

T he values w ere taken  on 30 ,60 ,90 and  120 days The 

B iu re t assay  m e th o d  o f  In ch io sa  (1 9 6 4 ) w as a d o p ted  fo r the 

estim ation  o f  to tal p ro te in  and  a lbum in  in  serum  Serum  globulin  

w as estim ated  by find ing  ou t the  d iffe rence  b e tw een  to tal serum  

protein  and album in  levels A lbum in-g lobuhn  ratio  w as calculated  

by d iv id in g  a lbum in  level w ith  g lobu lin  level

3 4  2 S E R U M  A S P A R IA  IT  A M IN O  1 R A N S I E R A S E , S E R U M  

A L A N IN E  A M IN O  T R A N S T  E R A S E  A N D  S E R U M  B IL IR U B IN

T hese w ere  es tim ated  em ploy ing  com m erically  availab le  

K its (M /s G laxo  Ind ia  Ltd ) and  final read ings w ere  taken  using 

spectro  p h o tom ete r on 30 60  90  and 120 days
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3 5 ( ^  T O G I- N E TIC  ASSAY

C hrom osom e pattern  in ducks w ere stud ied  u sing  three 

techn iques viz feather pu lp  technique, bone m arrow  technique 

and em ploying ind iv idualised  hepatocytes

3 5 1 t L A m t R  P U L P  I EC U N IQ U E  (Shoffner e t a l  1967)

T he sm aller body feathers avoid ing  p igm ented feathers 

w ere preferred  for the co llection  o f  sem i solid  pu lp  C lear semi 

solid  pu lp  w as co llected  at the proxim al end  o f  the feather shaft 

A 0 05%  so lution  o f  co lcem id  w as in jected  into the w ing vein o f 

th e b i r d ( l  ml p e r i  3 K g o f  body w eight) 45  m inutes p rior to  the 

co llec tion  o f  pu lp  Im m ediate ly  afte r tak ing  the pu lp , it w as 

incubated  in 0 8%  Kcl Solution  at 37°C for 30 m inutes A fter 

th is  h y p o to n ic  tre a tm e n t, th e  p u lp  w as f ix e d  in  a m ix tu re  

con tain ing  equal quantities o f  acetic acid  and d istilled  w ater for 

30 m inutes T hen the pu lp  w as p laced  on a clean glass slide and 

stained w ith  aceto carm ine (S heehan  and H rapchak 1980) for 30 

m inutes T hen  the pu lp  w as sm eared in  a  circu lar m anner w ith 

the help  o f  a coverslip , the pu lp  w as covered and gently tapped  

Full w eight o f  the body w as d irec ted  stra igh t dow nw ards the 

coverslip  for several seconds by p ressing  w ith  the thum b The 

pulp  w as m ade into a  m onolayer and the edges o f  the coverslip  

was sealed using D PX  and exam ined  under oil im m ersion o f  the 

m icroscope
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3 5  2 B O N t  M A R R O W  1L C  U N IQ U E  (M alhi and  G rover 1987)

A 0 05%  so lu tion  o f  co lcem id  w as in jected  into the w ing 

vein o f  the bird  (1m l per 1 3 K g body w eight) 45 m inutes prior 

to  the sacrifice  Im m ediate ly  after sacrific ing  the  b ird  bone 

m arrow  from  the fem urs w ere collected  in  0 9%  sodium  chloride 

so lu tio n  T he single cell su sp en sio n  w as cen trifuged  for 10 

m inutes at 1000 rpm  and the bone m arrow  pellet w as resuspended 

in 0 8%  Kcl A fter 30 m inutes o f  pre-treatm ent at 37°C, the cells 

w ere cen trifuged  and the pellets w ere resuspended  in  chilled  

ca m o y ’s fixative A fter tw o hours o f  fixation , the cells w ere 

centrifuged and resuspended  in the sam e fixative for 24 hours 

The fixed cells w ere dropped  on ch illed  slides from  a height o f  

about 2-2 5m The slides w ere flam e dried  and  stained w ith  aceto 

carm ine, dehydrated  in acetone, acetone X ylene (1 1) X ylene 

and m ounted w ith D PX

3 5 3  IIE PA I'O C  Y I E  IE C H N IQ IJ E

Soon after sacrificing the bird, the liver tissue w as collected 

in H an k ’s B alanced Salt S o lution  (H B SS ) and  trypsim zed  using 

th e  s ta n d a rd  te c h n iq u e  d e s c r ib e d  by H o sk in s  (1 9 6 7 ) and 

proceeded  further by em ploying the m ethod  m entioned  for bone 

m arrow  techn ique
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3  5 .4 W H O L E  B L O O D  C U I  T U R l T F C H N IQ U F  (M oor head e t a l , I960 

and M ellm an 1964)

A pproxim ately ten  m illilitre o f  b lood w as collected  from 

the w ing vein o f  duck  using heparin  as an ticoagu lan t and  the 

p lasm a w as separated  Six to  seven drops o f  b lood  w as added to 

the tissue culture m edium  T he tissue cu ltu re m edium  w as then 

incubated  at 37°C for 71 hrs A fter incubation , co lch ic ine (0 1ml) 

w as added  .and incubated  for one hour T hen  blood and tissue 

culture m edium  w as cen trifuged  at 1000 rpm  for 20 m inutes and 

clear cell bu tton  w as ob ta ined  To the cell bu tton  6 ml o f  Kcl 

hypotonic solu tion  w as added  follow ed by cen trifugation  at 1000 

rpm  for 20 m inutes A fter d iscard ing  the supernatan t, 6 ml o f  the 

fixative (M ethanol Acetic acid - 3 1 )  w as added  Cell suspension 

was dropped  on ch illed  slides (2-3 drops/slide) U sing  flam e the 

sm ear w as fixed and stained w ith  4per cen t G iem sa solution  for 

30 m inutes

3 6 P O S T -M O R I K M  KXAM LNAI IO N

The birds w ere sacrificed at tw o and four m onths duration 

o f  the experim ent D etailed  autopsy w as conducted  follow ing 

the autopsy procedure advocated  by FAO /SID A  (1968)

3 7 i n S l  O P A 1 IIO L O G Y

Liver tissues w ere collected  in  10 per cen t buffered neutral 

fo rm a lin  fo r h is to p a th o lo g ic a l e x a m in a tio n  T issu e s  w ere 

p ro c e s s e d  by th e  r o u t in e  p a ra f f in  e m b e d d in g  te c h n iq u e
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(A rm ed Forces Institute o f  Pathology, 1968) Paraffin  sections 

cu t at five m icrons th ickness w ere stained w ith  haem atoxylin  and 

eosin  (H  & E) m ethod o f  H aris as described  by D isbrey and Rack 

(1970)

3 8 STAriSIICAI ANALYSIS

The data ob ta ined  from  various clin ical param eters w ere 

sub jected  to statistical analysis - A nalysis o f  V ariance (ANOVA) 

as explained  by S nedecor and  C ochran (1967)
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RESULTS

4 1 B O D Y  W H G H I

The values are tabu lated  in Table 1 and show n in figure 

1 A.11 the birds belonging to the experim ental as well as the control 

groups show ed a significant increase (P<0 05) in their body weight 

from  15 to 120 days

4 2  L R Y  T H R O C Y T t S b l i l M t  N 1A I IO N  R A I t

The values are tabu lated  in Table 2 Birds belonging to 

the  e x p e rim en ta l g roup  sh o w ed  an in c re ase  in e ry th ro cy te  

sedim entation rate from  15 to 120 days

Birds fed w ith aflatoxin B1 at 15 g/kg body w eight (group 

B) and 10 m g/kg bodyw eight o f  4 dim ethyl am ino azo benzene 

(group D) show ed a  significant increase (P<0 05) in erythrocyte 

sedim entation  rate w hen com pared to  the control b irds

4 3 PACKJvD C L L L  V O L U M E

The values o f  packed cell volum e are tabu lated  in Table 

3 B irds fed w ith aflatoxin  B1 at 10 g/kg bodyw eight (group A) 

show ed a gradual decrease in  packed cell volum e from  15 to 30 

days and increased on  day 45 and decreased  gradually on 120th 

day
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B irds belong ing  to  group B show ed  a gradual decrease 

from 15 to  120 days

B irds fed  w ith  4 d im ethyl am ino  azo  ben zen e  at 5 m g/kg 

bodyw eight (group  C ) show ed a gradual decrease  from  1 5 to  120 

days

G roup  D  b ird s show ed an a lternate increase  and  decrease 

from  15 to 120 days

C ontro l b irds show ed alm ost a  steady packed  cell volum e 

from  first to  eigh th  fortn igh t

G ro u p  B show ed  a  s ign ifican t dec rease  (P < 0 05 ) th an  

group A  and control group G roups C and D show ed a significantly 

d tc re ase d  value (P < 0 0 5 ) th an  contro l group

4 1 H A E M O G I O B IN

T he haem og lob in  va lues are ta b u la ted  in T able 4 and 

show n in figure 2 B irds belonging to  group A show ed an alternate 

increase and decrease  in  haem oglob in  level from  15 to 120 days

B irds o f  group B also  reg istered  an a lternate  increase  and 

decrease from  15 to  120 days

Birds reared  as group C show ed a  decrease in  haem oglobin  

from  15 to  30 days increased  on day 45 and dec lined  gradually

on day 120
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G roup D b irds show ed a gradual decrease from  1 5 to 45 

days increased on day 60 and decreased gradually on day 120

Birds belonging to control group show ed a decreased value 

from 15 to 45 days increased on day 90 and decreased  on day 

120

G ro u p  B sh o w ed  a s ig n ific an t d ec rease  (P < 0  0 5 ) in 

haem oglobin than groups A and control b irds G roups C and D 

registered a significant decrease (P<0 05) than  control group

4 S  l  RY 1 IIR O C Y  I * C O IJN 1

The erythrocyte count values are given in tab le  5 B irds 

m aintained as group A  recorded a  decrease on day 30 increased 

on day 45 and decreased at all the intervals upto day 120

B irds belonging to  group B registered a gradual decrease 

from 15 to  90 days increased on day 105 and again decreased  on 

day 120

B irds o f  group C recorded an increase from  first to  1 5 to 

50 days then registered an alternate increase and decrease till 

day 90 and decreased gradually  to on day 120 H ow ever values at 

these intervals w ere lesser than control birds

G roup D  show ed a decrease from 1 5 to  45 days Steady 

decrease w as then observed from fourth to eighth fortnight

B irds belonging to  control group registered an alternate 

increase and decrease from  60 to 120 davs
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G roup B registered a significant decrease (P<0 05) than 

groups A and control group Both the groups C and D registered 

a significant decrease (P<0 05) than control group

4 6 TO TA L I 1 U C O C Y 'I F  C O U N T

Total leucocyte count values are tabulated  in Table 6 and 

>hown in figure 3 B irds belonging to the experim ental groups 

showed a significant increase (P<0 05) in total leucocyte count 

from 1 5 to  120 days

B irds belonging to control group registered an alternate 

increase and decrease from  15 to 120 days but the increase was 

not statistically  significant

G roup B show ed a significant increase (P<0 05) than group 

A and control group G roups C and D registered a significant 

increase (P<0 05) w hen com pared to  control group

4 7 D IF F E R E N T IA L C O U N T  

■171 H I  1L R O PH T L

The values o f  he teroph il are given in  Table 7 B irds 

belonging  to the experim ental groups reg istered  a sign ifican t 

increase (P<0 05) m  heterophils from  1 5 to 120 days

G roup  B reco rd ed  a  s ig n ific an t in c rease  (P < 0  05) in 

heterophils count w hen com pared  to  group A and the control 

g ioup



Fig-3 TOTAL LEUCOCYTE COUNT (103 )
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The values are tabu lated  in Table 8 B irds belonging to 

g roup  A group  B and group  D show ed  a m ild  d ec rease  m 

eosinophil from  15 to 120 days

G roup C show ed alm ost a steady value from  15 to  120 

days C ontrol b irds show ed an increasing value from  15 to 120 

days O n statistical analysis it w as observed that there w as no 

significant changes in  the values

4 " 3  BASOPHII

T he values are given in Table 9 B irds belonging to  group 

A showed a decrease in basophil count from 15 to 120 days No 

change in the count w as observed in group B G roup C recorded 

a m ild increase from  15 to  120 days and group D registered a 

mii'd decrease from  15 to  120 days w here as control group 

show ed an  increase in the sam e period o f  tim e S tatistically these 

changes w ere not significant

4 7 t M O N O CY  13.

T h e v a lu es  are ta b u la te d  in  T able 10 D e c re a se  in 

monocyte num ber w as observed m experim ental as well as control 

birds from  15 to 120 days O n statistical analysis the decrease 

in values w ere found non significant

4 7 5 IY M P IIO C Y IL

L ym phocyte va lues are ta b u la ted  m  T able 11 B irds 

belonging to  the experim ental groups reg istered  a sign ifican t

4 7 2  3 0SIIN0FIII1
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decrease (P<0 05) in lym phocyte from  15 to  120 days w hen 

com pared to control birds

4 * 1 1 0 1 1  INC, 11M1

The values are tabulated  in Table 12 B irds belonging to 

the experim ental groups registered a significant increase (P<0 051 

in the clotting tim e from 1 5 to 120 days w hen com pared to control 

birds

G roup B registered a significant increase (P<0 05) in the 

c lotting tim e w hen com pared to group A and G roup D registered 

a significant increase (P<0 05) w hen com pared to  groups C

4 9 1 O T A L  SI< R U M  P R O T P  IN

The serum  protein values are tabu lated  in Table 13 and 

figure 4 The birds belonging to G roup A group B and group D 

show ed a gradual decrease in the total serum  protein level

Birds m aintained as group C show ed an initial increase 

from day 30 to 60 D uring day 90 and day 120 the values declined 

gradually

The control b irds show ed a steady gradual increase in total 

serum  protein values during  the experim ental period

The to ta l serum  pro te in  values w ere sign ifican tly  low 

(P<0 05) in experim ental b irds w hen com pared to  control birds
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T he serum  album in values are tabulated  in Table 14 The 

birds o f  group A recorded a gradual decrease from  30th  to  90th  

day follow ed by an increase on 120th day

In the group B there w as an increase from 30th  to  90th 

day follow ed by a decrease on 120th day

G roup C b irds show ed an increase in serum  album in level 

from  30th  to 60th day and decreased  thereafter

The birds reared  as group D show ed a steady gradual 

decrease th roughout the experim ental period

C ontro l b ird s  reg iste red  a g radual inc rease  in serum  

album in level during  the experim ental period

Significant decrease (P<0 05) in serum  album in values in 

groups A  and B w as observed w hen com pared to the control group

4 11 SF R D M  ( , I  O B D l IN

T he serum  g lobu lin  values are tabu la ted  in  T able 15 

A lternate increase and decrease in serum  globulin levels were 

noticed in group A, group B and group C d u rin g th e  experim ental 

period

G ioup  D registered increased values from  day 30 to  90 

and decreased on day 120

4 10 S I  R D M  A l B D M IN
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Control b irds also show ed an increase in globulin values 

from day 30 to 90 There w as a decrease m  the value on day 120

G roups A and B show ed a significant decrease (P<0 05) 

in serum  globulin level w hen com pared to  control group

4 12 A L B U M IN -G L O B U L IN  R A T IO

The album m -globulin ratio are tabulated in Table 16 Birds 

belonging to group A show ed a steep decrease in album m -globulin 

ratio from day 30 to 120

In the group B, there was an increase from  day 30 to 90 

day and then decreased on day 120

G roup C exhibited an alternatively fluctuating values from 

day 30 to 120

G roup D show ed a gradual decrease from  day 30 to 90 

follow ed by an increase on day 120

Control birds recorded an initial decrease from day 30 to 

60 and later increased on day 120

Birds belonging to groups C and D show ed a significant 

increase (P<0 05) in album m -globulin  ratio w hen com pared to 

control group
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4 13 S t  R U M  A S P A R I  A l  I  A M I N O  I RAN S1 t R A S I  ( A S I )

T he serum  aspartate  am ino  transferase values are tabulated  

in  T able 1 7 an d  sh o w n  in figu re 5 B ird s  b e lo n g in g  to  the 

experim en tal as w ell as th e  contro l g roups show ed  a sign ifican t 

increase  (P < 0  05 ) in  A S T  level from  day 30  to  90  G roup  D 

show ed  a sign ifican t increase (P < 0 05) w hen com pared  to  group 

C and  contro l group

4 14 S E R U M  A L A N IN E  A M IN O  IR A N S I-1 R A S E  (A l I )

T h e  v a lu e s  o f  se ru m  a la n in e  a m in o  tra n s fe ra s e  are 

tabu la ted  in T able 18 and show n  in figure 6 From  day 30  to  120 

birds belong ing  to  group  A  show ed  an  a lte rna te  increase  and 

d ecrease in ALT level

B irds belonging  to  group B and group D  registered a steady 

increase from  day 30  to  120

B irds o f  group C show ed  a  gradual increase  from  day 30 

to  90 and  decrease  on  day 120

C ontro l b irds show ed  an a lternate increase and  decrease 

in ALT level from  day 30 to  120

T here  w as a  sign ifican t increase (P<0 0 5 ) o f  ALT level in 

group A  w hen com pared  to  control group and sign ifican t decrease 

(P < 0  05) w hen  co m p ared  to  g roup  B G ro u p  B reg is te red  a 

sign ifican t increase  (P < 0 0 5 ) in  ALT level w hen  com pared  to 

c ontro l group
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Fig.5 SERUM ASPARTATE AMINO TRANSFERASE (IU/1)

G roup A G roup B Group C G roup D Control

Ef 30 days '  60 days L J90 days H i 20 days



Fig-6 SERUM ALANINE AMINO TRANSFERASE (IU/1)

0 *---------
G roup A G roup B G roup C G roup  D

1  30 days 60 days J90 days H l 2 0  days

Control



49

S erum  b iliru b in  values are g iven  in T ab le 19 B irds 

belonging to group A show ed an alternate increase and decrease 

in serum  bilirub in  from  day 30 to  120

B irds o f  group B group C and group D  show ed a gradual 

increase from day 30 to 120

C ontrol b irds recorded a decrease from  day 30 to 60 and 

increased on day 120

T here  w as a s ig n if ic a n t in c re ase  (P < 0  0 5 ) in serum  

bilirubin  level in  group B w hen com pared  to  group A and control 

group G roup A, group C and group D show ed a significant 

increase (P<0 05) w hen com pared to  contro l group

4 16 G R O S S  P A T H O L O G Y  O I  I IV L R  

4 16 1 A IL A T O X IN  G R O U P

D ucks fed w ith aflatoxin B 1 at 1 O^g/Kg body w eight when 

sacrificed on day 60 show ed the follow ing hepatic  lesions The 

liver w as slightly enlarged yellow ish and glisten ing  w ith o ih  

cut surface (figure 8) The b irds w hen sacrificed  on day 120 

show ed variation in shape and size and sm all g listen ing  nodules 

w ere discretely d istribu ted  in the parenchym a (figure 9) These 

w e re  g re e n is h  y e l lo w  h a rd  in  c o n s is te n c y  w ith  m o tt le d  

appearance L i\ er o f  som e birds show ed subcapsular haem orrhage 

and liver o f  all the b irds show ed patch} grayish w hite areas in 

the parenchw na

4 15 S L R U M  B IL IR U B IN



50

In the group w here ducks w ere fed w ith  aflatoxin  B 1 at 1 5/< 

g/Kg body w eight recorded the fo llow ing hepatic  lesions w hen 

sacrificed  on day 60 P in  head sized necro tic areas petechial and 

ecchym otic  haem orrhages haem orrhagic streaks m oderate to 

severe enlargem ent were noticed The sam e group w hen sacrificed 

on  day 120 exhib ited  telengiectasis patchy greyish areas w ith 

atrophy o f  the liver (figure 7) N um erous p in  head size nodules 

w ere d iscre te ly  d istribu ted  in all the livers (figure 10)

•4 16 2 C A R ( IN O G E N  G R O U P

D ucks fed w ith 4 dim ethyl am ino azo benzene at 5m g' 

K-g body w eight w hen sacrificed on day 60 exhib ited  extensive 

areas o f  degeneration  w ith  a sm all area o f  norm al tissue at the 

base o f  the liver Focal areas o f  petech iae and effusion in the 

caudal part (1-1 5cm  size) w ere no ticed  Left lobe w as seen 

enlarged in four b irds Y ellow ish p inhead  size g reyish spots were 

seen d iffused th roughout the liver The sam e group o f  birds when 

sacrificed  on day 120 show ed  patchy  areas o f  n ecrosis  w ith 

haem orrhagic streaks R ight lobe enlargem ent w as a constant 

feature in  all the b irds

D ucks fed w ith  4 d im ethyl am ino azo benzene at the rate 

o f  10 m g/K g body w eight w hen sacrificed on day 60 show ed the 

fo llow ing liver lesions Right lobe w as m uch enlaigeel I eft I Ix 

was atrophied  N ecrotic patches seen scattered  th ioughout lx th 

the  lo b e s  In th e  liv e r of tw o  b ird s  th e  left lobe show ed  

circum scubed  diffuse tic a s  w heic there were <i mini! u  ^ i n 1
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w hite necrotic patches along  w ith  p in  head  sized raised  areas 

tow ards the an terior end upto one centim etre above the caudal 

part T he nodules w ere hard  in consistency A reas o f  niches 

along the borders ind icating  degeneration  and loss o f  cells B irds 

sacrificed  on day 120 show ed diffuse haem orrhage on the caudal 

portion  o f  each  lobes circum scribed  nodules em bedded  in the 

parenchym a (figure 11) and serrated  appearance o f  the borders

4 17 H IS T O P A T H O L O G Y  O F  L IV E R  

4 17 1 A H .A T O X IN  G R O U P

D ucks fed w ith  aflatoxin  B1 at the rate o f  1 O^g/'Kg body 

w eight w hen sacrificed  on day 60 show ed the fo llow ing  lesions 

There w as extensive bile duct p roliferation  (figure 14) m ild fatty 

change, penduc tu la r in filtration  o f  inflam m atory cells and  central 

venous congestion  (figure 13) C oagulative necrosis sinusoidal 

d ila ta tio n  cloudy  sw ellin g  o f  the hepa tocy tes  fib rous tissue 

proliferation  w ere also no ticed  P seudo lobu lation  o f  hepatocytes 

(figure 17) due to  fibrous tissue to  the ex ten t o f  ind iv idualisation  

o f  hepatocytes, m ononuclear cell in filtration , hyperp lasia  o f  bile 

ducts and perivascular lym phocytic in filtra tion  w ere seen (figure 

18) In som e b irds, there w ere co llection  o f  inflam m atory  cells m 

the form  o f  nodules T he sam e group o f  b irds w hen  sacrificed on 

day 120 show ed  the fo llow ing  lesions S evere fatty  change 

necrosis o f  hepatocytes (figure 16) and the arch itecture o f  cells 

w ere lost P seudo lobu lation  o f  hepatocytes w as very extensive 

c irrh o tic  ch a n g es  w ere  n o tic ed  p e r iv a sc u la r  in f iltra tio n  o f  

lym phocytes and co llection  o f  inflam m atory cells in the form o f 

nodules
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T hose ducks w hich w ere given aflatoxin  B1 at 15/Mg/Kg 

body w eight w hen sacrificed  on day 60 show ed the follow ing 

lesions T here  w as ex tensive  nec ro sis  o f  hepa tocy tes  focal 

h e p a tit is , b ile  d u c t h y p e rp la s ia , cen tra l v en o u s co n g estio n  

irregular pattern  o f  arrangem ent o f  cells severe fatty  change 

(figure 12) hepatocytes w ere arranged in  the form  o f  m ultiple 

lobules and m ononuclear cell infiltration. T he sam e group o f  

birds w hen sacrificed  on day 120 show ed focus o f  dysplastic 

ce lls  p seu d o lo b u la tio n , focal h ep a titis  (figu re  15) b ile  duct 

hyperp lasia and diffuse necrosis

4 1 7 2 (  A R C IN O G U N  G R O U P

D ucks fed w ith  4 dim ethyl am m o azo benzene at 5 m g/K g 

body w eight w hen sacrificed  on day 60  show ed diffuse necrosis 

m ild fatty change m ononuclear cell in filtration  infiltration  o f 

in flam m ato ry  ce lls  in th e  po rta l tr ia d , d iffu se  ce n tr tlo b u la r  

n e c ro s is  b ile  d u c t p ro l i f e ra t io n  an d  m ild  f ib ro u s  t is s u e  

proliferation  The sam e group o f  b irds w hen sacrificed  on  day 

120 show ed m oderate to severe fatty change w ith  necrosis o f  

hepatocytes, bile duct proliferation and severe proliferation  o f  

fibrous tissue

T hose ducks receiv ing  4 dim ethyl am ino  azo benze at 

10:mg/Kg body w eight w hen sacrificed  on day 60 show ed the 

fo llow ing  lesions D iffuse degeneration  o f  hepatocy tes fatty 

change ex tensive  b ile  duct h y p e ip las ia  and d iffuse necrosis 

N rm b er o f  bile ducts show ed m ultiple layer o f  cells occluding
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the lum en D ila ta tion  o f  cen tra l vein h aem o rrh ag e  ex ten siv e  

pel lvascular necrosis m ononuclear cell infiltration rind fibrous tissue 

p roliferation In som e livers there w ere K upffer cell reaction  

re p la c e m e n t o f  th e  p a re n c h y m a  in fo ca l a re a s  w ith  d is t in c t 

proliferating hepatocytes o f  varying hyperchrom asia o f  nuclei with 

indistinct cytoplasm  (Figure 19) Such cells w ere found am idst 

interlacing bundles o f  connective tissues(F igure 20) The outline ot 

such nodules w ere surrounded  by atrophic hepatocytes Sim ilar 

changes w ere also no ticed  in those birds sacrificed on day 120

4 18 (  Y I O f.K N K  i  K  A SSA Y

The chrom osom e profile o f  ducks with aflatoxin B1 and 4 

d im ethyl am ino azo  benzene w as ana ly sed  The chrom osom es 

prepared by lym phocyte culture were analysed and com pared with 

that o f  control birds The control birds exhibited a hrom osom e spread 

with 12 m acrochrom osom es (Figure 22 & 23 ) Birds which were 

given aflatoxin B1 at the dose rate o f  15 g 'kg bodyweight showed 

24 m acrochrom osom es in m etaphase spreads ( Figure 24) W hereas 

those m aintam ed on 10 g/kg bodyweight recorded an average o f  14 

m acrochrom osom es ( Figure 25) The study on birds which received 

4 dimethyl amino azo benzene at 5 mg/kg bodyweight revealed an 

average o f  14 m acrochrom osom es, but those with 4 dimethyl ammo 

azo benzene at 10 m g/kg bodyw eight had 16 m acrochrom osom es 

(Figure 26) In the feather pulp as well as bone m arrow  technique 

th e  fu ll c h ro m o so m e  c o m p le m e n t co u ld  n o t be a n a ly se d
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because o f  m icrochrom osom e nature In the hepatocyte technique 

the cell got rup tured but the chrom osom e spread  w as not upto 

m ark H ence the lym phocytes w ere cu ltured  to  ob ta in  m etaphase 

spread in ducks
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Table 1 AVERAGE BODY WEIGHT (Kg)

D a \s C roup  A G ro u p  B G ro u p  C G roup  D C ontro l

15 0 38 + 0 38 ± 0 40 + 0 39 + 0 38+
0 017 0 012 0 0 1 8 0 016 0 017

30 0 38 + 0 40 + 0 39 + 0 40 + 0 38 +
0 018 0 0 1 5 0 0 1 6 0  018 0  015

45 0 40  + 0  43 ± 0  4 0  + 0 40  + 0 4 1  +
0 015 0 0 1 3 0  110 0 216 0 012

60 0 43 + 0 45 + 0 42 + 0 41 + 0 43 +
0 0 1 1 0 180 0 316 0 153 0 011

75 0 55 + 0 55 + 0 54 + 0 52 + 0 57 +
0 196 0 185 0 176 0 116 0 132

90 0 68 + 0 70  + 0 67  + 0 65 + 0 70 +
0 159 0  149 0 460 0 160 0 119

105 0 77  + 0 78 + 0 75 + 0 75 + 0 80 +
0 196 0 132 0 509 0 561 0 063

120 0 85 + 0 84 ± 0 84 + 0 83 + 0 89 +
0 153 0 051 0 096 0 156 0  199

M ean 0 524 0  538 0  522 0 514 0 536

+ + + + + +

SE 0 095 0 093 0 212 0 174 0 056
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Table 2 AVERAGE ERYTHROCYTE SEDIM ENTATION RATE (mm/h)

D a\s G roup A G roup B G roup C Group D Control

15 1 30 + 1 36 ± 1 34 + 1 30 + 1 40 +
0 101 0 143 0 114 0 101 0 167

10 1 32 + 1 33 + 1 34 + 1 32 + 1 45 +
0 109 0 140 0 118 0 135 0 214

45 1 42 + 1 6 2  + 1 55 + 1 62 i . 1 48 +
0 121 0 146 0 171 0 167 0 207

60 1 58 x 1 83 + 1 34 + 1 71 + 1 59 +
0 189 0 198 0 114 0 202 0 212

75 1 64 + 1 97 + 1 67 + 1 90 ± 1 48 +
0 218 0 229 0 188 0 241 0 218

90 1 70 + 2 05 + 1 72 + 2 14 + 1 46 +
0 149 0 218 0 195 0 405 0 188

105 1 80 4 2 03 + 1 71 t 1 84 + 1 53 +
0 179 0 284 0 289 0 193 0 260~

120 1 86 + 2 07 + 1 90 + 1 91 + 1 53 +
0 2 1 3 0 297 0 297 0 207 0 288

Mean 1 577 1 783 1 571 1 717 1 49

+ + + + + +

SE 0 159 0 206 0 185 0 206 0 219
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Table 3 AVERAGE PACKED CELL VOLUM E (% )

Davs G roup A G roup B Group C G roup D Conirol

15 30 56 + 
0 145

31 50 + 
0 246

30 67  + 
0  198

29 67 + 
0 198

3111 + 
0 267

30 30 22 + 
0 275

29 56 + 
0 185

30 11 + 
0 196

29 72 + 
0 278

30 78 + 
0 236

45 31 11 + 
0 378

28 50 + 
0 232

29 67  + 
0  229

29 17 + 
0 167

31 11 +
0 411

60 29 22 + 
0 329

27 06 + 
0 375

29 06 + 
0 328

27 61 +
0 512

31 56 + 
0 487

75 28 17 + 
0 345

24 17 + 
0 737

28 08 + 
0 193

23 92 + 
0 821

31 17 +
0 386

90 28 2 5 +  
0 250

21 25 + 
0 6 1 7

28 00 + 
0 275

24 92 + 
0 941

31 58 + 
0 4 1 7

105 27 50 + 
0 379

19 25 + 
0 329

24 92 + 
0 733

23 33 + 
0 882

31 83 + 
0 657

120 26 33 + 
0 449

16 67 + 
0 620

22 92 + 
0 633

24 33 + 
0 432 ~

31 83 + 
0 405

Mean 29 192 25 625 28 317 27 075 31 300

+ + + + + 4 -

SE 0 178 0 463 0 251 0 293 0 144
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Table 4 AVERAGE H AEM OG LO BIN (g/dl)

D ajs Group A G roup B G roup C Group D Control

15 11 24+
0 226

12 15 + 
0 341 ”

12 44 +
0 273

12 36 + 
0 345 ~

12 54 + 
0 327

30 12 27 + 
0 284

11 03 + 
0 298

12 12 + 
0 235

12 25 + 
0 203

12 42 + 
0 185

45 11 64 + 
0 271

11 00 + 
0 254

12 21 t  
0 237

10 70 ±  
0 229

12 03 + 
0 271

60 12 46 + 
0 336

12 03 + 
0 396

11 93 + 
0 252

11 40 +
0 383

13 48 + 
0 354

75 12 68 + 
0 452

11 3 7 +  
0 319

9 84 +
0 206

9 00 + 
0 589~

13 99 + 
0 425

90 12 69 + 
0 608

9 96 + 
0 466~

9 49 + 
0 107

8 70 + 
0 540

14 05 1  
0 689

105 12 77 + 
0 465

8 98 + 
0 401

9 37 + 
0 129

8 17 + 
0 410

13 94 + 
0 423

120 12 10 + 
0 406

8 38 + 
0 383

8 95 + 
0 168

7 78 ± 
0 387

13 24 + 
0 408

Mean 12 166 10 800 11 070 10 372 13 093

+ + + + + +

SE 0 134 0 167 0 149 0 203 0 145



59

T abieS AVERAGE ERYTH RO CYTE CO UNT (106)

D a\s Group A G roup B Group C G roup D Control

is 4 37 + 4 19 + 4 15 + 4 39 + 4 53 +
0 195 0 111 0 166 0 089 0 089

30 4 15 + 4 04 + 4 18 + 3 83 + 3 96 +
0 230 0 130 0 088 0 138 0 151

45 4 47 + 3 76 + 3 18 + 4 09 + 4 53 +
0 075 0 114 0 238 0 099 0 100

60 3 96 + 3 39 + 3 23 ± 2 60 + 4 45 +
0 163 0 252 0  210 0 086 0 242

75 3 93 + 2 72 + 3 13 + 2 42 + 4 32 +
0 068 0 190 0 170 0 045 0 063

90 3 88 + 1 84 + 3 09 + 2 27 + 4 37 +
0 133 0 157 0 199 0 066 0 101

105 3 45 + 2 09 + 2 87 + 2 22 + 4 59 +
0 179 0 134 0 223 0 063 0 114

120 3 99 + 1 74 + 2 57 + 2 13 + 4 84 +
0 101 0 115 0 225 0 046 0 194

M ean

+

SE

4 068

+

0 063

3 148 

+

0 101

3 376

+

0 083

3 140

+

0 088

4 432

+

0 057
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Table 6 AVERAGE TOTAL LEUCOCYTE CO UNT (10J)

D a\s Group A G roup B G roup C G roup D Control

15 22 99 + 23 48 + 22 68 + 23 68 + 23 24 +
0 375 0 420 0 406 0 495 0 485

30 23 38 + 28 88 + 25 63 + 24 60 +_ 23 02 +
0 485 " 0 546 0 571 0 597 0 474

45 23 92 + 24 93 + 25 74 + 25 44 + 23 87 +
0 534 0 463 0 893 0  547 0 536

60 23 76 + 28 79 + 25 75 + 33 82 + 23 62 +
0 4 1 7 0 967 0 748 0 977 0 436

75 24 80 + 32 00 + 30 62 + 32 62 + 21 89 +
0 555 1 067 1 132 1 255 0 304

90 23 04 + 41 09 + 29 76 + 32 43 t 22 58 +
1 050 2 482 0 849 1 477 0 481 ~

105 28 58 x 41 48 + 31 54 + 33 66 + 23 74 +
0 746 1 723 0 638 ~ 1 399 0 521

120 30 62 + 41 53 + 31 77 + 34 28 + 24 65 +
0 745 2 261 0 872 “ 1 408 ~ 0 625

M ean 24 812 31 524 27 339 29 430 23 352

+ + + + + +

SE 0 305 0 759 0 389 0 526 0 183
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Table 7 AVERAG E H E T E R O PH IL  (% )

Da\<; G roup A G roup B G roup C G roup D Control

13 29 78 + 
1 111

14 50 + 
0 991

11 81 + 
1 115

11 50 + 
1 440

30 19 + 
1 397

10 31 06 + 
1 098

42 89 + 
0 427

11 78 +
0 914

16 81 + 
1 215

31 11 +. 
1 018

45 31 78 + 
0 911

47 33 + 
0  936

11 81 + 
0 678

38 11+ 
1 174

12 56 + 
0 974

60 14 28 + 
0 996

4 7 1 3  + 
0 997

11 67 + 
0 717

19 50 + 
1 177

36 11+_ 
1 001

75 42 92 + 
0 468

51 58 + 
1 184

16 00 + 
0 663

13 42 + 
0  971

16 50 + 
0 866

90 42 08 ± 
0 761

59 00 + 
2 329

17 00 + 
0 615

14 75 + 
1 266

35 67 + 
0 995

105 47 92 + 
0 765 ~

69 25 + 
1 085

18 81 + 
0 6 1 3

37 08 + 
1 053

15 92 
0 401 ~

120 48 13 + 
1 261

62 25 + 
2 406

41 81 + 
0 911

18 17 t  
0 716

15 13 + 
1 012

M ean 17 458 49 717 34 411 36 267 14 200

+ -4- + + + +

SE 0 712 1 061 0 417 0  481 0 450
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T a b le s  A V E R A G E  E O SIN O P H IL  (% )

D a \s G ro u p  A G ro u p  B G ro u p  C G roup  D C ontro l

15 1 35 + 1 09 + 1 24 + 1 23 + 1 14+
0 271 0 152 0 059 0 061 0 181

30 1 22 + 1 22 ± 1 24 + 1 23j + 1 19 +
0 2 1 2 0 196 0 059 0 066 0 2 1 4

45 1 47  + 1 2 5 + 1 23 + 1 23 + 1 31 +
0 222 0 137 0  061 0 66 0 2 1 4

60 1 39 + 1 16 + 1 23 + 1 24 + 1 48 +
0 252 0 171 0 0 1 5 0 059 0 207

75 1 34 + 1 11 + 1 22 + 1 24 + 1 40 +
0 260 0 207 0 077 0 074 0  260

90 1 18 + 1 01 + 1 22 + 1 22 + 1 21 +
0 213 0 49 0 096 0 0 7 7 0 229

105 1 18 + 1 14 + 1 22 + 1 22 + 1 18 +
0 246 0 229 0 077 0 096 10 213

120 1 14 + 0 97  + 1 24 + 1 21 + 1 28 +
0 260 0  151 0 074 0  078~ 0 250

M ean 1 283 1 119 1 230 1 228 1 273

+ + + + + +

SE 0 042 0 033 3 273 3 660 0 041
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Table 9 A V E R A G E  B A S O P H IL  (% )

D a \s G roup  A G ro u p  B G ro u p  C G ro u p  D C ontro l

15 1 21 + 0 97 + 0 97 t 1 07  + 1 12 +
0 114 0 12 f 0  121 0  135 0 146

10 1 15 + 1 08 + 0 99 + 1 05 + 1 16 +
0 137 0  109 0  126 0  114 0 111

45 1 25 ± 1 09  + 0 94 + 0  99 + 1 21 +
0 139 0 152 0 12 1_ 0  121 0 171

60 1 34 +_ 1 0 7  + 1 01 + 1 06  + 1 38 +
0  114 0 191 0  143 0  158 0 145

75 1 18 + 0  97  + 1 04  + 1 17 + 1 11 +
0 2 1 3 0  15 f 0  188~ 0 149 0  207

90 1 08  + 0  97  + 1 05 + 1 05 + 1 18 +
0 179 0  159~ 0 142 0 142 0 213

105 0 92 + 1 05  + 1 05 + 1 01 + 1 20  +
0  149 0 142 0  144 0  149 0 174

120 0 97  + 0 9 7  + 1 00 + 1 05 + 1 23 +
0 151 0 151 0 1 9 3 ' 0  142 0 193

M ean 1 137 1 021 1 006 1 056 1 198

+ + + + + +

SE 0 049 0 019 0 014 0 018 0 029
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T able  10 A V E R A G E M O N O C Y T E  (% )

Days G roup A G roup B G roup C G roup D Control

1*5 1 66+ 1 44+ 1 30 + 1 27 + 1 59 +
0 116 0 016 0 265 0 2 1 1 0 216

30 1 42 + 1 26 + 1 27 + 1 19 + 1 28 +
0 165 0 0 1 9 0 119 0 116 0 2 1 4

45 1 40 + 1 1 3 ± 1 38 + 1 22 + 1 31 +
0 031 0 0 1 1 0 001 0 119 02 1 1

60 1 33 + 1 29 + 1 33 + 0 96 + 1 29 +
0 033~ 0 036 0 065 0 653 0 236

75 1 20+ 1 08 + 1 30 + 1 23 + 1 39 +
0 163 0 039 0 049 0 4 1 1 0 196

90 1 15 + 1 17 + 1 36 + 1 21 t 1 26 +
0 156 0 058 0  561 0 563 0 176

105 1 11 + 1 11 + 1 30 + 0 97 ± 1 17 +
0 119 0 042 0  591_ 0 312 0 136

120 1 34 t 0  97 + 1 27 + 1 04 + 1 30 +
0 196 0 033 0 6 1 6 0 261 0 133

M ean 1 326 1 181 1 313 1 136 1 323

+ + + + + +

SE 0 062 0 051 0 0 1 4 0 044 0 043
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Table 11 AVERAGE LYM PHO CYTE (% )

D a\s G roup A G roup B Group C Group D Control

15 65 28 + 
1 044

62 56 + 
1 147

65 78 + 
1 159

64 72 + 
1 351

65 78 + 
I 668

30 63 28 + 
1 226

54 11 + 
0 517

65 83 + 
0 890

60 89 + 
1 311

63 78 + 
1 101

45 63 39 + 
1 097

49 94 + 
0 972

65 72 + 
0 620

60 06 + 
1 189

63 72 + 
1 174

60 61 39 + 
1 103

53 06 + 
0 962

66 28 + 
0 907

58 56 + 
1 248

59 28 + 
1 204

75 53 58 + 
0 583

44 42 + 
1 270

61 67 + 
0 752

64 00 + 
1 219

59 50 + 
0 830

90 55 25 + 
0 978

38 92 + 
2 254

60 75 i  
0 629

62 75 + 
1 207

61 17 + 
1 186

105 49 67 + 
0 762

28 92 + 
0 076

58 83 + 
0 824

61 33 + 
1 170

61 08 + 
1 328

120 48 75 + 
I 377

36 25 + 
2 406 ~~

55 75 + 
0 930 ~

60 33 + 
0 721

61 08 + 
1 184

M ean 58 725 47 800 63 242 61 475 62 167

+ + + + + +

SE 0 666 1 026 0 449 0 470 0 487
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Table 12 A V E R A G E  C L O T T IN G  T IM E  (M m )

D a \s G roup  A G ro u p  B G roup  C G ro u p  D C ontro l

15 1 25 + 1 25 + 1 24  + 1 25 + 1 24 +
0 010 0  004 0  009 0 007 0 005

30 1 27 + 1 28 + 1 26 + 1 30 + 1 26+
0 007 0 008 0 003 0 011 0 036

45 1 30 + I 35+ 1 30 + 1 "53 + 1 29 +
0 0 1 6 0 010 0 0 1 1 0 014 0 010

60 1 34 £ 1 38 + 1 34 + 1 45 + I 32 +
0 015 0 017 0 016 0 020 0 015

75 1 31 + 1 40 + 1 32 ± 2 07  + 1 29 +
0 0 1 4 0 0 1 5 0 018 0 093 0 013

90 1 44 + 1 55 + 1 44 + 2 17 + 1 41 +
0 0 1 8 0 053 0 020 0 091 0 018

105 1 46 + 1 60 + 1 48  + 2 04  + 1 45 ±
0 026 0 065 0 053 0  083 0 053

120 1 37 + 2 09  + 1 39 + 2 18 + 1 34 +
0 009 0  083 0 020 0 089 0 008

M ean 1 331 1 487 1 336 1 723 1 316

+ + + + +

SE 0 008 0 018 0 010 0 025 0 009
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Table 13 AVERAGE TOTAL SERUM PROTEIN (g/dl)

D a \s Group A Group B G roup C G roup D Control

30 2 96 + 
0209

2 35 + 
0021

2 39 + 
0015

2 25 ± 
0013

4 75 + 
0265

60 2 16+ 
0013

2 34 + 
0023

241 + 
0016

2 20+. 
0015*""

4 9 0  + 
0 272~

90 2 1 4 +
0007

2 27+ . 
0035

2 38 + 
0019

2 11 + 
0014

5 07 + 
0348

120 1 94 +
0053

2 23 + 
0029

2 36 + 
0021

1 95 + 
0067

o 08 + 
0301

Mean 2351 2 307 2389 2 148 4 924

+ + + + + +

SE 0082 0014 0008 0020 0144

Table 14 AVERAGE SERUM ALBUMIN (g/dl)

Da>s Group A Group B Group C Group D Control

30 1 91 +
0092

172+
0062_

2 20 + 
0016

201 + 
0040

2 75 + 
0 246

60 1 90±  
0055

2 08 + 
0028

2 26 + 
0015

1 91 +
0025

2 77 + 
0233

90 143 +
0096

2 14 + 
0032

221 + 
0010

I 72 + 
0070

2 78 + 
0308

120 1 57 + 
0062

2 00+ 
0045

2 20+  
0028

1 65 + 
0086

3 32 + 
0245

Mean 1742 1968 2220 1850 2 877

+ + + + + +

SE 0046 0031 0009 0031 0128
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Table 15 AVERAGE SERUM GLOBULIN (g/dl)

Davs G roup A Group B G roup C Group D Control

30 1 05 £ 0 63 + 0 22 + 0 24 + 2 00 +
0218 0069 0032 0038 0 164

60 0 26+ 0 26 + 0 15 + 0 29 + 2 13 +
0048 0031 0010 0025 0118

90 071 + 0 44 + 0 17 + 0 39 + 2 28 +
0094 0133 0013 0065 0 208

120 0 3 7 1 0 23 + 0 16 + 0 30 + 1 82 +
0052 0027 0018 0088 0 180

M ean 0610 0400 0179 0297 2 0 5 ;

+ + + + + +

0081 0041 0011 0026 0082

Table 16 AVERAGE ALBUMIN GLOBULIN

D a ^ G roup A Group B G roup C G roup D Control

30 181 +
7006

2 73 + 
0767

099+
0607

8 37+ 
1237

1 61 + 
0 222

60 7 30+ 
2784

8 0 0  + 
1250

1506+
1077

7 39 + 
0620

1 36 + . 
0157

90 2 01+. 
1 136

486+
2609

13 00+ 
1 136

691 + 
1492

1 40+ . 
0259

120 4 24 +
1380

8 6 9  + 
1009

13 75+ 
2080~

5 50+ 
5484

2 05 + 
0294

M ean 11471 8796 14 185 10140 1 582

+ + + + + +

SE 2 371 0818 0624 1254 0 115
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Table 17 AVERAGE SERUM ASPARTATE AM INO TRANSFERASE (IU/1)

Davs Group A G roup B Group C G roup D Control

30 1172+
0778

1190+ 
0 175

1199+
0217
4

13 50+. 
0188

1169 + 
0394

60 12 43 + 
0400

1189 + 
0218

12 79+ 
0175

14 66 + 
0219

1153 + 
0 748

90 13 98 + 
0393

12 89 + 
0252

13 54 + 
0314 ~

1600+
0402

1201 + 
0467

120 14 47 + 
0478

13 62 + 
0366

13 86 + 
0400

17 37 + 
0412

14 09 + 
0765

M ean 12934 12437 12 912 15 124 12186

+ + + + + +
~ ~ —

0247 0150 0158 0232 0230

Table 18. AVERAGE SERUM ALANINE AMINO TRANSFERASE (IU/1)

Days G roup A Group B Group C Group D Control

70 2 24 + 3 34 + 3 98 + 4 4 6 ± 1 92 +
0112 0140 0198 0225 0 144

60 2 19 + 3 95 + 4 04 + 4 70 + 7 70 +
o io t" 0100 0087 0160 0120

90 2 59 + 4 26+ 421 + 5 07 + 1 93 +
0137 0201 0114 0139 0175

120 2 72 + 4 34 + 4 19 + 5 18 + 2 07 +
0100 0224 0208 0145 0122

M ean 2 388 3906 4084 4793 1883

■+- + + + + +

$ 0062 0093 0 079 0097 0068
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Table 19 AVERAGE SERUM BILIRUBIN <mg%)

Dav* Group A Group B Group C Group D Control

30 127+ 153 + 128+ 1 10 + 0 67 +
0104 0152 0120 0106 047

60 1 05+. 205+ 1 58± 1 52 + 0 60 +
0083 0186 0076 0 141 0032

90 161 + 2 58 + 243 + 2 42 + 0 69  +
0112 0 188* 0131 0127 0061

120 201 + 2 73 + 2 96 + 3 73 + 0 72+_
0130 0148 0142 0205 0041

Mean 1418 2133 1935 2014 0663

+ + + + + +

0069 0104 0102 0 145 0023



Fig 7 Liver - aflatoxin B l(1 5  g /k g  body weight) Atrophy of left lobe 
Circumscribed pin head sized nodules on both the lobes.
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Liver -4 dim ethyl am m o azo benzene ( 10 m g/kg body weight) 
fatty liver

8

L i\er  -  Aflatoxin B1 ( IS g/kg body w e ig h t ) - dark brown in colour. 
Pin head sized dark nodules project from the parenchym a.

9
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Fig .10 Liver - Aflatoxine B1 ( 15/'g  /kg body w e ig h t) Fatty liver. Pin head 
sized nodules in the parenchyma. Petechiae and diffuse congestion

Fig. 11 Liver - 4 dim ethyle am ino azo benzene ( 10 m g/kg body weight).
Circum scribed greyish nodules o f  2 to 3 mm size in the parenchyma 
Nodules surrounded by areas o f hyperaemia.
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Fig 12 Liver - severe fatty change and necrosis - G roup B - H & E  X 160

F ig . 13 L iv er  - fa tty  c h a n g e  , b ile  d u c t p ro lifera tio n  , n ecro s is , c en tra l  
v e n o u s co n g e stio n  - G ro u p  B  - H &  E  X  )6 0
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Fig 14 Liver - extensive bile duct pro lifera tion -G rou p  B -H & E  X160

Fig 15 L iver- bile duct proliferation and nodular aggregate o f  cells m 
t he bile duct G roup B- H & E X 250
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Fig.16 Liver- degeneration and necrosis of hepatocytes. Diffuse aggregates 
of cells of uniform size in the midzonal and portal triad -GroupB 
H& E X250

Fig. 17 Liver-pseudolobulation, fatty change, atrophy of hepatocytes, bile 
duct proliferation and infiltration of inflammatory cells- 
GroupB H& E X2S0
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Fig 18 Liver-perivascular nodule formation and nodular aggregates 
of cells replacing the hepatocytes Group B H & E  X160.

Fig 19 Liver-fibrous tissue proliferation, invasion of hepatic parenchyma 
by a mass of disorderly arranged hyperchromatic cells-Group D 
H & E  X I 60.
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Fig 20 L iver-neoplastic changes-clear dem arcation between the 
hepatocytes and the tum our tissue -G roup D H & E  X160.

Fig 21 L iver-proliferating cells am idst fibrous tissue. Cells are 
hyperchrom atic w ith ind istinct cytoplasm  and are spindle  
shaped .Cells w ith acinar pattern are also seen -G roup D 
H& E X250.
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Fig.22 & 23 M etaphase o f control ducks- 12 m acrochrom osom es- 
lym phocyte culture- Giemsa X1000.





Fig 24.

Fig.25

M etaphase spread o f  aflatoxin B1 treated ducks-24  
m acrochrom osom es lym phocyte culture- G iem sa X  1000.

M etaphase spread o f  4 DAB treated ducks- 14 m acrochrom osom es- 
lym phocyte culture-G iem sa X I000.
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Fig. 26 M etaphase spread o f  4DA B treated ducks-16 macrochromosomes- 
lym phocyte culture-Giem sa X1000.
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DISCUSSION

The study undertaken was to evaluate the morphological 

alterations produced by aflatoxin B1 in cells o f  various organ 

systems in ducks and to correlate the changes with the functional 

status o f  these systems For a com parative  evaluation o f  the 

neoplastic reactions a  know n chemical carcinogen 4 dimethyl 

amino azo benzene was also employed Effect o f  the treatments 

on the body weight, haematological values, serum enzymes gross 

and  h is to p a th o lo g y  o f  l ive r  and  ch ro m o so m al  p ro fi le  were  

evaluated

The influence o f  aflatoxm B1 as well as 4 dimethyl ammo 

azo benzene on the total body weight o f  experimental ducks was 

ascertained and it was observed that these agents were not effective 

in causing any substantial changes in the body weight The effect of 

aflatoxin on body weight was studied by Butler (1964) Smith and 

Hamilton (1970) Arafa et al  (1981) Reddy (1981) Reddy e t a / 

(1982), Huff et al  (1984), Ghosh et al (1989) and Rizvi and Shakoon 

(1992) in various avian species Most of these workers had observed 

red u c t io n  in the  bo d y  w eig h t  due to  a f la to x ic o s is  The 

present observation  did not agree with the findings o f  these 

workers A prominent difference between the present experiment 

and those which had been reported was the very low dose level 

employed in this study It is probable that at the low dose rate



t n

(A F B l I Ofg/kg body weight and AI B1 1 ^ g / k g  body weight) 

aflatoxin B 1 was not effective in producing  substantial loss o f  

body weight The chemical carcinogen em ployed also could not 

produce any effect on body weight Reports  for com parison were 

not available in this aspect

Significant increase o f  erythrocyte sedim entation  rate was 

observed in the birds o f  group B (A FBl 1 5^g/kg body weight) 

and group D (4 DAB 10 mg/kg body weight) than  the control 

birds Aflatoxin has been show n to cause elevated rate m different 

species o f  animals and birds (Murthy cl a!  1984 Fernandez cl 

aI 1995) A lthough the observations fiom the group B (birds 

fed with 15/-g/kg body weight o( aflatoxin B 1 ) was in agreement 

with the reports o f  the above authors at the dose level o f  1 0  g7kg 

body weight com parable inciease was not observed Similarly 

the birds which received higher dose o f  4 dimethyl amino azo 

b en z en e  ( 1 0  m g/kg  body  w eigh t)  reg is te red  an inc rease  m 

erythrocyte sedimentation  late where as those at the lower 

dose (5 mg/kg body weight) did not

The packed cell volume was found significantly decreased 

in the birds fed with aflatoxin B 1 1 5^<g/kg and 4 dimethyl amino 

azo benzene 5 mg and 10 mg/kg body weight than control birds 

A com parison ol packed cell volume am ong the aflatoxin treated 

birds revealed a significant i eduction in the volume which received 

the higher dose level ( 1 5ftg kg body weight) A perusal of the
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l i tera ture  sh o w ed  tha t  a d ec rease  in  p acked  cell vo lu m e in 

aflatoxicosis in birds was described by many workers (Tung et 

al  1975, Reddy e t a l  1980 Reddy 1981 Mohiuddin e t a l  1986 

Anjaneyulu et a l  1993 and  M am  et a l  1993) The present 

observation also was in total agreement with these findings The 

chemical carcinogen at bo th  dose levels produced  significant 

reduction in the packed cell volume

Lowering o f  haemoglobin concentration at various dose 

levels o f  aflatoxin was observed by Tung et al  (1975) Reddy

(1981), M ohiuddin  et a l  (1986) and Anjaneyulu el a l  (1993) 

The significantly lowered haemoglobin values recorded in birds 

fed at the dose rate o f  15/-g/kg body weight o f  aflatoxin B 1 in the 

p resen t study lend support  to the observa tions  o f  the  above 

workers An exception was the maintenance o f  haemoglobin level 

at normal levels in birds w hich  received aflatoxin at the dose rate 

o f  1 O^g'kg body weight The haemoglobin level in the case o f  

the birds belonging to group C (4 DAB 5 mg/kg body weight) 

and group D (4 D AB 10 mg/kg body weight) were significantly 

lowered than the control birds

Tung et a l  (1975), R eddy et a l  (1980) R eddy (1981) 

and M ohiuddin  et a l  (1986) had observed consistent decrease in 

erythrocyte count in aflatoxicosis o f  birds In the present study, a 

significant reduction in the erythrocyte count was observed in 

the birds o f  group B which received 1 S^g/kg body weight o f  

aflatoxin B1 A lthough this was m agreement with the findings
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o f  the above workers the birds w hich received the lower dose 

level o f  aflatoxm namely 1 0 ^g/kg body weight did not register 

s imilar lowering o f  erythrocyte count

In the case of birds which received chemical carcinogen 

at both dose levels there was a s ignificant reduction in the 

erythrocyte count

A n a e m ia  has  been  o b se rv e d  as a  c l in ica l  fea tu re  o f  

aflatoxicosis in ducks and chicken by various workers (Brown 

and Abram s 1965 and B alachandran and R am akrishnan  1987) 

In the present study also anaem ia has been observed w hen  the 

ducks were given aflatoxin B 1 at the dose rate o f  15/«g/kg body 

w eigh t as ev idenced  by a cons is ten t  increase  in  erythrocyte 

s e d im e n ta t i o n  ra te  a n d  d e c r e a s e  in p a c k e d  ce ll  v o lu m e  

haem og lob in  and  erythrocyte coun t A n  in te res t ing  feature 

observed in the present study was that w hen  the birds were given 

a lower dose o f  aflatoxm ( 1  O^g/kg body weight) anaem ia  with a 

significant reduction in the packed cell vo lum e haemoglobin and 

erythrocyte count was not evident

The chemical carcinogen used in the present study (4 

dimethyl am m o a / o  benzene) is a specific hepato  carcinogenic 

agent (T ruhaut 1967) I he consistent anaem ic values at both 

dose levels o f  4 dimethyl dnnno  azo b enzene  m ight be thus 

incriminated to the probable neoplastic alterations and resultant 

mteiferencc with the protein synthesis of the hepatic tissue
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The total leucocyte count was found increased in those 

birds fed with 1 5^ g/kg body weight o f  aflatoxin B 1 and 5 and 10 

mg o f  4 d im ethy l an n n o  azo b enzene  T he  leucocy tos is  in 

aflatoxicosis has been reported in birds by Wannop (1961) Tung 

cl al  (1975) and Sova cl al  (1991) Wannop (1961) and Sova et 

a 1 (1991) have recorded consistent lym phopenia  in aflatoxicosis 

This lends support to the observation in the present study The 

m onocytosis  as reported  by W annop (1961)  and  reduction  in 

basophils as reported by Tung ct a / (1975) were not observed in 

the present investigation Birds o f  the group B which were fed 

with 15^g/kg aflatoxin B1/kg body weight show ed heterophilia 

and this concurred with the finding o f  W annop (1961) H ow ever 

during  the course o f  investigation neither the control nor  the 

experimental birds show ed any clinical signs o f  bacterial or viral 

infections

Many workers have identified aflatoxin as an agent which 

could produce significant increase in blood clotting tim e in birds 

(Bassir and B ababunnu 1972 D oeir  d a l  1974 & 1976 Doerr 

and Ham ilton 1981 and Sahoo ct a l  1992) The observation in 

the present investigation was also in agreement with the finding 

at the dose level of 1 5^g  o f  af la toxm/kg body weight Both the 

doses o f  chemical carcinogen also produced com parable changes 

in blood coagulation H ow ever the lowest dose o f  aflatoxin (1Qr 

g kg bod> weight) was not sufficient enough to bring about any 

such coagulopathic effect
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The attempt to com paie  the total serum protein values in 

the b irds o f  different groups revealed a  significantly  reduced 

values in all experimentally  tieated btrds Aflatoxin has been 

show n to be an etiological agent which could bring about a  fall in 

total serum protein level in birds as reported by Reddy et a! 

(1982) C hang  and Hamilton (1982) Harvey et a l  (1989) Jassar 

et al  (1993) and Shukla  and Pachauri (1995) In the present 

investigation the serum album in as well as serum globulin levels 

were found decreased at both  dose levels Similar decrease have 

been  recorded by Harvey et a!  (1989) and  G hosh  et a! (1990) 

Though the a lbumin-globulin  ratio was not altered in aflatoxin 

treated ducks in contrast to the finding o f  Shukla and Pachauri 

( 1 9 9 5 )  w ho o b se rv e d  a  d ec rease  in the  ratio  the  ch em ica l  

carcinogen produced an increase in the album in-globulin  ratio o f  

both groups 1 he implications ol these observations were not 

investigated thoroughly

I iterature ol enzymological evaluation o f  serum o f  birds 

in aflatoxicosis was scanty 1 he present investigation revealed a 

significant m ciease  in serum aspartate am ino  transferase in the 

birds treated with 10yMg/kg body weight o f  aflatoxin B1 and 10 

mg/kg body weight o f  4 dimethyl am ino  azo benzene Similarly 

an elevated level o f  serum alanine amino transferase was recorded 

in both the aflatoxin treated groups as well as the 4 dimethyl amino 

azo benzene treated birds receiving 10 mg/kg body weight This 

was not in agieem cnt with the finding of Reddy et aI (1982)
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They observed a decrease in the serum aspartate amino transferase 

level in aflatoxin fed birds The present observations were not m 

agreement with that o f  Balachandran and Ram akrishnan (1988) 

wherein they could not detect the enzymes in appreciable amounts 

The serum enzyme alanine amino transferase is liver specific 

(Doxey, 1971) and its increased level m the serum indicates tissue 

destruction  in the liver Elevation  o f  serum  aspartate amino 

transferase could also be a  result o f  hepatopathic changes

Further, studies with serum bilirubin revealed a  significant 

increase in all the experimental birds i e birds treated with 1  (>g 

and 15/-*g o f  aflatoxin B1 and 5 m g and 10 m g  /kg body weight o f  

4 dimethyl am ino azo benzene

A lthough this observation was not m  agreement with the 

f indings o f  af la toxicosis  in layer type cockerels  (Shukla  and 

Pachauri, 1995), it strongly indicates hepatopathic changes in all 

the treated birds

In c rea sed  ery th rocy te  s e d im e n ta t io n  ra te ,  d ec re a s e d  

p a c k e d  ce ll  vo lu m e ,  d e c re a s e d  h a e m o g lo b in  a n d  r e d u c e d  

e ry th ro cy te  c o u n t  in d ic a te d  a n a e m ia  an d  in c re a se d  se rum  

enzymes serum bilirubin are the clinical evidences o f  hepatic 

damage

The indication o f  hepatic alterations as suggested by the 

haematological enzymological and serological evaluations were
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fu r the r  an a ly se d  in the  p re se n t  in v e s t ig a t io n  by g ross  and  

histopathological studies o f  the hepatic tissue

Grossly the birds fed with aflatoxin B1 at lO^g/kg body 

weight resealed  mild hepatic lesions O n day 60 the liver was 

slightly enlarged yellowish and glistening with oily out surface 

On day 120 the shape arid size were varying and greenish yellow 

or g lis tening nodules  were seen d iscre te ly  d is tr ibu ted  in the 

parenchyma Some livers showed sub capsular  haemorrhage

Com paiable  gross lesions has been reported by Carnaghan 

(1965) with seven days old Khaki C ampbell ducks by feeding 

with seven ppm o f  aflatoxin B1 Similar observations has also 

been reported by Moorthy ct a! (1985) in chicken and M aryam m a 

cl a! (1990) in ducks Varying degrees of haemorrhage in aflatoxin 

had been recorded by Butler (1964) in ducklings, R am ades i  et 

al  (1990) and Bakshi ct a l  (1995) in broilers

Hisotpathologically ducks led with aflatoxin B1 at 10/ig7 

kg  b o d y  w e ig h t  on  day 60  s h o w e d  e x t e n s i v e  b i le  d u c t  

proliferation mild latt> change coagu la ti \e  necrosis sinusoidal 

dilatation m ild fibrosis and individualisation  o f  hepatocytes 

Perivascular lymphoc>tic lnliltration periductular infiltration of 

inflammatory cells in the form of nodules were recorded On day 

120 m o d e ra te  latty ch a n g e  P s e u d o lo b u la t io n  and  c irrho tic  

ch inges were evident B u tk i  ( 1961) conducted  experiments in 

K h ak i  C a m p b e l l  d u c k l in g s  m d  r e c o i d e d  th e  s e q u e n t i a l
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histopathological changes Similarly C arnaghan (1965) reported 

hepatic lesions in ducks ted with aflatoxm contaminated Brazilian 

g ro u n d n u t  m eal H y p e rp la s ia  o t  b ile  d u c t  e p i th e l iu m  and  

infiltration o f  lymphocytes had been observed by him Bile duct 

hyperplasia and cy toplasmic \acuola tion  were described by Muller 

ct a l  (1970) in ducklings fed with afiatoxicosis Radeleft (1970) 

reported chronic hepatic fibrosis in ducks and ducklings due to 

sub-acute toxicity ot aflatoxin Bile duct proliferation tatty change 

and hepatitis had been reported in afiatoxicosis in quails (Deshek 

cl al  1983) in chicken (Moorthy cl al  1985 & 1986) and in 

d ucks  (Jayakum ar  el a l  (1 988 )  S im ilar  les ions w ere  also 

observed by Balachandran and R am aknshnan  (1987) and Ghosh 

cl al  (1989) in broilers I he histopathological lesions in the h \ e r  

reported in ducks and ducklings b> M ukit and Kwatra (1989) 

and M aryam m a ct a l  (1990) also lend support to the present 

observation bocal areas o f  necrosis and lymphocytic infiltration 

in experim ental afiatoxicosis in broilers had been reported by 

Bakshi et al  (1995) also

I he present investigation levealed that w hen  the ducks 

are given 10y«g/kg body weight ol aflatoxin B1 on alternate days 

lot two m onths  it p io d u c ed  mild degenera t ive  and  necrotic  

changes with infiltration ot m llam m atory  cells predominantly 

lymphocytes After tour months b uds  ol the same group revealed 

e v i d e n c e s  ol c h r o n ic  l e a c t i o n  in c l u d i n g  f i b r o u s  t i s s u e  

proliferation
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The gross changes in the liver o f  ducks which were given 

aflatoxin B 1 at 15/-g/kg body weight were comparatively severe 

than those o f  the group A  which were given aflatoxin B1 at 1 O^g/ 

kg body weight Pin head sized necrotic areas, petechial as well 

as ecchymotic haemorrhages, haemorrhagic streaks and moderate 

to severe enlargement o f  the liver were noticed On day 120 

along with telengiectasis and atrophy o f  liver, numerous pm head 

sized nodules were seen discretely distributed in the parenchyma 

Nodular lesions in aflatoxicosis in ducks had been reported by 

Carnaghan (1965) and Maryamma e ta l  (1990) The gross lesions 

in intrahepatic tumours like hepatoma were also reported to be 

nodular in ducks (Carnaghan 1965)

The histopathological evaluation o f  liver o f  ducks fed with 

15/<g/kg body weight o f  aflatoxin B1 for day 60 revealed extensive 

necrosis o f  hepatocytes, focal hepatitis bile duct hyperplasia, 

central venous congestion, severe fatty change and mononuclear 

cell infiltration The same group o f  birds when sacrificed on day 

1 2 0  revealed pseudolobulation, hepatitis bile duct hyperplasia 

and diffuse necrosis Similar hepatic lesions have been reported 

in aflatoxicosis by Muller et aI  (1970) Radeleff  (1970) and 

Maryamma et a l  (1990)

In addition to the above lesions the ducks which were 

given aflatoxin B1 at 15^g/kg body weight on day 60 revealed 

hepatocytes arranged in the form o f  multiple ill defined acini
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O n day 120 the liver revealed foci o f  dysplastic cells While 

describing the neoplastic liver lesions in ducks Christopher et 

a / (1968) described the anungem ent o f  parenchym atous cells in 

the torm of alveoli or acini 1 hey also observed the cellular clumps 

which were varying in size to be covered by delicate fibrous tissue 

trabeculae 1 he focal distribution o f  dysplastic cells in the liver 

specim en on day 1 2 0  also suggested neoplastic transformation o f  

hepatic cells in these birds Asplin  and C arnaghan  (1961) and 

Carnaghan (1964 & 1965) had docum ented  on the carcinogenic 

effect o f  aflatoxin 131 in ducks These authors had observed 

developm ent o f  hepatic tum ouis  in birds on feeding aflatoxin at 

various levels R adeleff  (1970) suggested that the dose level and 

dura tion  ol adm in is t ra t ion  were  the  fac tors  in  ca u s in g  liver 

tumours In the present study the birds w hich were given 1 0/^g/ 

kg body weight o f  aflatoxin B 1 did  not produce any neoplastic 

change W hereas those led with 1 0 / 'gkg  body weight o f  aflatoxin 

B 1 show ed definite tendency ol hepatom a formation during the 

same experimental period

In the piesent study 4 dimethyl am ino azo benzene was 

em ployed as a know chemical carcinogen capable o f  causing 

neoplasia in the liver toi compai mg the cytological transformations 

with those caused by aflatoxin B 1 1 he ducks which received 5  

mg/kg body weight ot 4 dimethyl am ino azo benzene although 

exh ib i ted  g io ss  and  h is topa tho log ica l  les ions sugges t ive  o f  

hepatosis  and mild cu rh o s is  tailed to init iate any lesions of
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neoplastic transformation In contrast the birds o f  group D  which 

received 10 mg/kg body weight ot 4 dimethyl am m o azo benzene 

along with lesions ol hepatic degeneration and necrosis clearly 

e x h ib i te d  g ross  as w ell  as h i s to p a th o lo g ic a l  e v id e n c e s  o f  

neoplastic alterations on day 60

A comparative assessm ent on init iation o f  hepatom a or 

hepatocellular carcinoma in ducks by aflatoxin B 1 and 4 dimethyl 

amino azo benzene revealed the following observations Aflatoxm 

B 1 and 4 dimethyl amino azo benzene at lower dose levels (1 O^g/ 

kg body weight and 5 mg/kg body weight respectively) could 

produce mild to moderate lesions o f  degeneration, necrosis  and 

inflammation but could not init iate neoplastic transformation 

These etiological agents w hen  adm inistered at h igher dose levels 

(aflatoxin B l lO^g/kg body weight and 4 dimethyl am ino azo 

benzene 1 0  mg/kg body weight) could p roduce  not only the 

l e s io n s  o f  h e p a t o p a t h y  b u t  a l s o  f e a tu r e s  o f  n e o p l a s t i c  

transformations A notewoithy d ifle ience in the initiation o f  such 

neoplastic t iansformation between aflatoxin B l and 4 dimethyl 

amino azo benzene was that with the former agent the neoplastic 

changes were observed on day 1 2 0  whereas with the latter agent 

these were ev ident on day 60 i tse lf  O o u lom be  (1993 )  has 

docum ented the carcinogenic and mutagenic action o f  aflatoxin 

B l and suggested that these activities o f  aflatoxin B l  were the 

result o f  the affinity o f  electrophihc and highly reactive aflatoxin 

Bl 8 9 epoxide lor ccllulai nucleophiles such as DNA Further
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Eaton Gallagher (1994) concluded that the carcinogenic potency 

o f  aflatoxin B 1 was highly correlated with the extent o f  total DN A 

a d d u c ts  fo rm e d  m  \ n o  It is c lea r ly  u n d e r s to o d  th a t  the 

carcinogenic/mutagenic p ioperty of aflatoxm B1 was intimately 

linked with the intensity and duration ol its bio-transformation 

Eaton and Gallagher (1991) also observed that the differences 

am ong aflatoxin bio-transformation pathways were the critical 

determ inants underlying aflatoxin B 1 induced carcinogenesis

In the present study cytogenetic assay was carried out to 

assess the toxic as well as carcinogenic effect o f  aflatoxin B 1 and 

4 dimethyl amino azo benzene The study revealed that birds 

which received aflatoxin B 1 at the dose rate o f  15/"g/kg body 

weight exhibited polyploidy with 24 macro ch rom osom es as a 

chromosomal aberration T he birds w hich received 1 0/g/Kg body 

w eigh t revea led  14 m a c ro c h ro m o so m e s  T h e  contro l  b irds  

exhibited a chrom osom e profile with 1 2  m acrochrom osom es and 

the rest were m icrochrom osom es S harm a et al  (1991)  reported 

aflatoxin B 1 induced chrom osom al mutations and polyploidy as 

a constant chromosom al abei ration in pre-neoplastic cells In the 

p re se n t  w ork  b ird s  e x h ib i t in g  p o ly p lo id y  and  a n e u p lo id y  

conditions showed pre neoplastic changes in their hepatocytes 

This is in line with those reported by Malht and Grover ( 1987) 

and  G r in d e n  and  B u o e n  (1 9 8 9 )  w h e re  in s p e c i f ic  tu m o u r  

co n d i t io n  c h ro m o so m al  a b e r ra t io n s  like p u lv e r i sa t io n  and 

multiple fragments were noticed by them In species like ducks
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w here m acro  as well as n n c ro c h ro m o so m es  are p resen t the 

evaluation ot microchromosomes for their morphological features 

is obscure So even in case ot any pulverisation had occured it 

needs very sophisticated technique to differentiate between normal 

and aberrated micro chrom osom es

In the present investigation it w as observed  that both 

aflatoxin B 1 and 4 dimethyl amino azo benzene at higher dose 

level initially caused  degenera t ion  and  necros is  fo llow ed by 

neoplastic alterations at longer durations
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SUM M ARY

E m ploying  afla toxin  B l  (AFB1 ) at the dose  rate o f  lO/'g 

and  1 5pg/Kg body w eight and  4 d im ethyl am ino  azo benzene 

(4 D A B )  at the rate  o f  5 m g and  10 m g /k g  body  w eig h t  an 

experim ent was des igned  to study the cytological alterat ions in 

ducks

C l in ic a l ly  the  e x p e r im e n ta l  d u c k s  w ere  h e a l th y  and  

revealed  no  signs o f  toxicity

Haematological studies indicated an a em ia  in ducks which 

were given Al B 1 at the dose rate o f  15pg/kg body  w eight as 

evidenced by consistent inciea.se in erythrocyte sedim entation  rate 

decrease  in packed  cell vo lum e haem oglob in  and  erythrocyte 

coun t C ons is ten t  anaem ic  values at bo th  dose  levels o f  4 D A B 

were obse ived  1 eucocytosis  w as recorded  in the h igher dose 

level ol Al B l and both the dose levels o f  4 D A B  C hanges  in 

b lood coagulation  t im e w as noticed  at h igher  dose  level o f  AFB1 

and  both  the dose  levels of 4 DAB

T ota l  s e ru m  p r o t e i n  w a s  f o u n d  r e d u c e d  in  al l  th e  

experim entally  treated b irds In bo th  the dose  levels  o f  AFB 1 

se ru m  a lb u m in  a n d  g lo b u l in  le v e ls  w e re  f o u n d  d e c re a s e d  

A lbum in -g lobuhn  ratio was m ain ta ined  in AFB1 treated ducks 

whereas it was increased in the 4 D A B  treated  b irds Serum
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aspartate aiinno transferase level was increased in low dose o f  

ATB1 and higher dose level of 4 DA B Both the A F B l treated 

group and higher dose group ot 4 DAB showed elevated level o f  

serum alanine amino transferase Serum bilirubin level showed 

an increase in all the treated buds

Those ducks which weie fed with A F B l at l^ rg/kg body 

weight show ed slight enlargement o f  the liver and glistening with 

oily cut surface on day 60 O n day 120,along with variation in 

shape and size o f  the liver small glistening nodules were seen in 

the parenchym a At the dose level o f  1 5/<g/kg body weight o f  

A FB l pin head sized necrotic areas a long with petechial and 

ecchymotic haem oirhages weie noticed on day 60 O n day 120 

the liver o f  the birds exhibited telengiectasis patchy greyish areas 

and atrophy

Histopathologically on day 60  the liver o f  the birds fed 

with A FB l at lO^g/kg body weight show ed extensive bile duct 

proliferation mild fatty changes coagulative necrosis sinusoidal 

dilata tion  cloudy  sw ell ing  of hepatocytes  and  f ibrous tissue 

proliferation O n day 120 cirrhotic changes were noticed

At the dose level o f  1 ly-g/kg body weight o f  A F B 1 on day 

60 the liver revealed extensive neciosis and irregular arrangement 

ot hepatocytes On day 120 dysplastic cells pseudolobulation 

o f  hepatocytes bile duct hyperplasia and diffuse necrosis were 

noticed
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At the dose level o f  1 5^ g/kg body weight o f  AFB1 on 

day 60 the  liver  revea led  e x ten s iv e  n ec ro s is  and  irregular  

a r ran g e m en t  o f  h ep a tocy tes  O n  day  120, dysp la s t ic  cells 

pseudolobulation ol hepatocytes bile duct hyperplasia and diffuse 

necrosis were noticed

Ducks fed with 4 dimethyl amino azo benzene at the rate 

o f  5 mg/kg body weight on day 60 revealed grossly focal areas o f  

petechiae and yellowish pin head size greyish spots on  the liver 

On day 120 the liver exhibited patchy a ieas o f  necrosis with 

haemorrhagic streaks Those ducks fed with 4 DAB at 10 mg/kg 

body weight on day 60 showed necrotic patches pm  head sized 

raised areas and aieas ol niches along the borders O n  day 120 

there were circumsci ibed nodules em bedded  in the parenchym a

Histopathologically the livet of the birds fed with  4 DAB 

at 5 mg/kg body weight on day 60 showed fatty changes, diffuse 

centrilobular necrosis bile duct proliferation and m ild fibrous 

tissue proliferation On day 120 seveie fatty change with necrosis 

o f  hepatocytes bile duct prohfeiat ion  and severe proliferation o f  

fibrous tissue On day 60 as well as on day 120 with  the dose 

level o f  10 mg/kg body weight ot 4 DAB, diffuse degeneration 

of hepatocytes dilatation ol central vein extensive perivascular 

n e c r o s i s  d i s t i n c t  p r o l i f e r a t i n g  h e p a t o c y t e s  o f  v a r y in g  

hyperchromasia o f  nuclei with distinct cytoplasm were noticed
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C h ro m o s o m e  pro fi le  le v e a le d  th a t  the  d u c k s  w h ich  

received AF B 1 at 1 5rg/kg body weight exhibited polyploidy when 

com pared with that o f  the conti ols and 4 DAB treated ducks
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A B S 1 RAC T

An expei 1 mental study was conduc ted  in desi ducks to 

assess the cytological alterations induced  by af la toxin  B l  ( A F B 1) 

and  4 d imethyl am ino  a / o  benzene  (4 D A B )

O ne  hundred  and eight desi d ucks  o f  one m onth  age were 

se lected for the study The birds were d iv ided  into tw o treatm ent 

g ioups  w hich  w eie  given A1 B l  (lQ-'g/kg body  w eight and  lS/'g/ 

kg body w eight)  and 4 D A B  (5 m g  and  10 m g/kg  body

weight)  and a control g ioup I ach  group cons is ted  o f  thirty six 

birds Body weight hacmngiuni c lo lt ing tune  total serum  protein 

se ium  a lbum in  serum  globulin  a lbum in-g lobu lin  ratio serum 

aspartate  am ino  transfe iase  serum  a lan ine  am ino  transferase  

serum  bilirubin and cytogenetic  assay w ere  es t im ated  at periodic 

intervals The d ucks  were  sub jec ted  to de ta i led  autopsy and 

his topathology

Clinically  the expciim enta l birds w ere healthy A naem ia  

leucocytosis  and increased blood clo tting  t im e were noticed in 

b irds w hich  received  1 Spg/kg body weight o f  AFB1 and  bo th  the 

dose  levels of 4 D A B  Total serum  protein  w as reduced  in all the 

treated birds In the afla toxin  gi oup  se rum  a lbum in  and  globulin  

levels were decreased  A lbum in  globulin  ratio w as increased in 

4 D AB tieated  b u d s  Seiuni aspartate  a m m o  transferase level 

was e leva ted  in b u d s  w inch m o v e d  1 Ofg/kg body weighrt ©f 

A1 Bl and 10 nig/kg bodv we iglit ol 4 DAB Birds which received



ATB1 as well as 10 ing/kg body weight of 4 D A B  show ed an 

e leva tion  in se rum  a lan ine am ino  transfe ra se  level Serum  

bilirubin was incieased in all the treated birds

Those ducks which were fed with AFB1 at 1 5^g/kg body 

w eigh t sh o w e d  tendency  of h ep a to m a  fo rm a tion  du r in g  the 

experiment

The ducks which received 5 mg/kg body weight o f  4 DAB 

e x h ib i te d  gross and h is topa tho log ica l  le s io n s  sugges t ive  o f  

hepatosis and mild curhosis  1 he birds given 10 mg/kg body 

weight of 4 DAB tevealed  g ioss as well as histopathological 

lesions o f  hepatic degeneiutiou and necrosis and indications o f  

neoplatic changes

'Irend tow aids polyploidy was the major chrom osom al 

aberration observed in ducks which received 1 lyg/kg body weight

o f  AFB1

\


