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ABSTRACT

In this stu dy, the de pres si ve ef fects of AFB1 on the em bry o nic de ve lop ment of chic ken thy mus were de ter -

mi ned by his to lo gi cal me thods and by his toche mi cal de mon stra ti on of alp ha-naphthyl ace ta te es te ra se

(ANAE) en zy me. ANAE po si ti vi ty fre quen cies of pe rip he ral blood lymp ho cy tes (PBL) were also de ter mi ned.

Embry o nic sta ges were de ter mi ned ac cor ding to the Ham bur ger-Ha milt on (H-H) sca le. Thy mic de ve lop ment 

was qui te si mi lar on day 7 of in cu ba ti on in all con trol and AFB1 groups. In con trast, the de ve lop ment was sub -

stan ti al ly im pai red and re tar ded on day 10 of in cu ba ti on in the 20 and 40 ng/egg AFB1 groups. The ANAE po -

si ti vi ty was first de tec ted on the 18th day of in cu ba ti on in a mi no ri ty (2%) of PBL. The pro por ti ons of PBL and

their ANAE po si ti vi ty fre quen cies were sig ni fi cant ly (P<0.05) lo wer in AFB1 tre a ted groups than in the con -

trols on the day of hat ching.

SAMENVATTING

In deze stu die wer den de ne ga tie ve ef fec ten van AFB1 op de em bry o na le ont wik ke ling van de thy mus bij de kip

be paald door mid del van his to lo gi sche met ho den en door mid del van de his toche mi sche be pa ling van de alfa-naf -

ty les te ra se (ANAE) ac ti vi teit. De fre quen tie van ANAE-po si tie ve bloed lym fo cy ten werd even eens vast ge steld.

Het sta di um van de em bry o na le ont wik ke ling werd be paald aan de hand van de Ham bur ger-Ha milt on (H-H)

schaal. Op dag 7 van de in cu ba tie was de ont wik ke ling  van de thy mus ong eveer ge lijk bij alle groe pen, zo wel bij

de con tro le groe pen als bij de met AFB1-be han del de groe pen. Van af dag 10 was de ont wik ke ling ech ter in be lang -

rij ke mate ver traagd in de groe pen die met 20 en 40 ng AFB1 per ei be han deld wer den. Po si tie ve re ac ties voor

ANAE wer den voor het eerst waar ge no men op de 18de dag van de in cu ba tie bij een min der heid van de bloed lym -

fo cy ten (2%). Op de dag van uit kip pen wa ren de pro por tie bloed lym fo cy ten en de fre quen tie van ANAE-po si tie ve

bloed lym fo cy ten sig ni fi cant la ger bij de met AFB1 be han del de groe pen dan bij de con tro le groe pen.

INTRODUCTION

Afla tox ins (AF) are toxic me ta bo li tes pro du ced by

cert ain spe cies of moulds, par ti cu lar ly Asper gil lus

fla vus and Asper gil lus pa ra si ti cus. Of the 18 dif fe rent 

af la tox ins that have been iden ti fied, the most fre -

quent ly de tec ted AF in food and food stuffs of do mes -

tic ani mals and poul try are af la toxin B1 (AFB1), AFB2, 

AFG1 and AFG2. Ne ver the less, AFB1 is clas si fied as

the most toxic com pound for a va rie ty of ani mal spe -

cies (Lee son et al., 1995). 

Afla tox ins and their me ta bo li tes ac cu mu la te in

most of the soft tis su es and fat de pots of the chic ken,

and they are also found in the egg (Ja cobs on and Wi -

se man, 1974; Sud ha kar, 1992; Qu res hi et al., 1998).

Ja cobs on and Wi se man (1974) found 9 ng/egg AFB1

on day 10 of fee ding in the eggs from ani mals re cei -

ving diets con tai ning 100 ppb die ta ry AFB1. Truck -

sess et al. (1983) fed 18 lay ing hens with a diet con tai -

ning 8000 ppb AFB1 for 7 days and found that li ver

and ova con tai ned the hig hest le vels of AFB1 and its

me ta bo li te Afla toxin Ro. Be si des, the re sults of the
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pre vi ous re ports (Ha milt on, 1982; Truck sess et al.,

1983; Qu res hi et al., 1998) have re ve a led that the car -

ry-over of AFB1 from lay er hen’s food into eggs has a

ra tio of 1/2000-1/2500. In poul try food and food -

stuffs, this con ta mi na ti on and re si due may have litt le

sig ni fi can ce for hu man he alth, but it can be a se ri ous

ve te ri na ry pro blem be cau se of the re si du es in fer ti li -

zed eggs (Die tert et al., 1985). This ma ter nal ly trans -

fer red AFB1 has been re por ted to af fect em bryo vi a bi -

li ty and hat cha bi li ty (Qu res hi et al., 1998) and also to

cau se va ri ous or gan mal for ma ti ons, such as spi na bi -

fi da, an ophthal mia, maxil la ry brachyg na tia, dis tor -

ted legs and evis ce ra ti on (Ci lie vi ci et al., 1980). 

Among the most im por tant pro blems cau sed by

ma ter nal ly trans fer red AFB1 are func ti o nal de fects in

the im mu ne sy stem of the de ve lo ping em bryo (Çe lik

et al., 2000a). The re may be a func ti o nal im pair ment

of the im mu ne sy stem, re sul ting in in cre a sed sus cep -

ti bi li ty to pa tho ge nic mi cro-or ga nisms du ring growth 

and ma tu ra ti on of com pro mi sed chicks. Such ani mals 

de ve lop a de fi cient re sis tan ce to in fec ti ous dis e a ses

and a re du ced im mu ni ty af ter vac ci na ti on (Bat ra et

al.,1991; Azzam and Ga bal, 1997; Ga bal and Azzam,

1998; Qu res hi et al., 1998). 

The thy mus is a cen tral lymp hoid or gan of both avi an

and mam ma li an spe cies in which T-lymp ho cy tes gain 

en zy ma tic ma tu ra ti on and im mu no com pe ten ce. Thus 

the or gan plays a cru ci al role in the cel lu lar im mu ne

sy stem. Dis tur ban ces in the em bry o nic de ve lop ment

of the thy mus might give sig ni fi cant clu es as to the

im mu ne sta tus of the af fec ted ani mals. Enzy me his to -

che mi cal stu dies can be used to eva lu a te the func ti o nal

de ve lop ment and ma tu ra ti on of the im mu ne sy stem

(Cos kun et al., 1998; Çe lik et al., 2000a; Sur and Çe lik,

2003). Enzy ma tic po si ti vi ty pro fi les of thy mo cy tes

have been as su med to be a use ful tool for the as ses s -

ment of T cell ma tu ra ti on (Bas so et al., 1980). A lymp ho -

cy te ly so so mal en zy me (Know les et al., 1978), alp ha-

 naphthyl ace ta te es te ra se (ANAE), has been de mon -

stra ted in ma tu re, im mu no com pe tent cir cu la ting

T-lym p ho cy tes of many ani mal spe cies. ANAE po si -

ti vi ty has wi de ly been used to dif fe ren ti a te T and B

lymp ho cy tes and mo no cy tes in va ri ous spe cies, in -

clu ding hu mans (Zic ca et al., 1981; Çe lik et al.,

1991), chic ken (Prut hi et al., 1987; Mai ti et al.,1990),

catt le (Ka ji ka wa et al.,1983; Çe lik et al., 1994), dog

(Wulff et al., 1981) and mou se (Mu el ler et al., 1975).

The en zy me is as su med to be res pon si ble for the cy to -

toxic ef fects of T-lymp ho cy tes and the pha go cy tic ac -

ti vi ty of mo no cy tes (Mu el ler et al., 1975).

Know les et al. (1978) have re por ted that the ANAE 

po si ti vi ty of pe rip he ral blood T-lymp ho cy tes is re pre -

sen ted by 3 to 5 red dish-brown gra nu les that are lo ca -

li zed ad ja cent to the cell mem bra ne. In con trast, lym -

p ho cy tes lac king the gra nu les are con si de red to be

ANAE-ne ga ti ve B-lymp ho cy tes. Mo no cy tes dis play

a fine, dif fu se gra nu lar po si ti vi ty.

The pro por ti on of ANAE-po si ti ve pe rip he ral blood

lymp ho cy tes (PBL) dif fers lar ge ly be tween ani mal

spe cies, va ry ing from 56% to 78% of PBL in the dog

(Wulff et al., 1981), 47.7% in catt le (Ka ji ka wa et al.,

1983), 69% in hu mans (Çe lik et al., 1991) and 35% in

chic kens (Prut hi et al., 1987).

 In this stu dy, the em bry o toxi ci ty and de pres si ve ef -

fects of AFB1 on the em bry o nic de ve lop ment of chic ken

thy mus were te sted in fer ti li zed chic ken eggs by his to lo -

gi cal me thods and en zy me his toche mi cal de mon stra ti on

of alp ha-naphtyl ace ta te es te ra se (ANAE). 

MATERIAL AND METHODS 

Pre pa ra ti on of AFB1 so lu ti ons

Pure AFB1 was ob tai ned from Ma kor Che mi cal Co.,

(Je ru sa lem, Israel). The AFB1 was di lu ted in ben ze ne

to pre pa re a stock so lu ti on con tai ning 20 ìl/ml AFB1.

This so lu ti on was then trans fer red into the vi als con -

tai ning the de si red con cen tra ti ons of AFB1 for each

dose group and left over night to eva po ra te the ben ze ne.

The AFB1 re si due was dis sol ved in ab so lu te et ha nol

(99.9%) and then the et ha nol con cen tra ti on was re du -

ced to 30% by ad ding ste ri li zed bi dis til led wa ter. The

AFB1 con cen tra ti on of the se so lu ti ons was me a su red

in du pli ca te by a Thin Lay er Chro ma tog rap hy (TLC)

den si to me ter equip ped with a flu o res cen ce de tec tor

(Per kin Elmer MPF 43A) at 365 nm ex ci ta ti on and

425 nm emis si on wave lengths, and by a UV-VIS Re -

cor ding Spec trop ho to me ter (Shi mad zu-UV 2100)

using stand ards.

Tre at ment groups and em bry o nic ex po su re 

For the ex pe ri ments, 651 fer ti li zed eggs of lay ing

hens (Bab cock B-380) were used. The eggs were fu -

mi ga ted (80 g pot as si um per mang ana te in 130 ml

40% for mal de hy de so lu ti on per m3 for 20 min) and di -

vi ded into 7 groups as fol lows: non-tre a ted con trols

(86 eggs), dril led-se a led group (80 eggs), sol vent 30%

et ha nol-in jec ted group (83 eggs), 5 ng/egg AFB1 group

(88 eggs), 10 ng/egg AFB1 group (97 eggs), 20 ng/egg

AFB1 group  (97 eggs) and 40 ng/egg AFB1 group (120

eggs).
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The egg shells in dril led-se a led group were dril led

and im me di a te ly se a led with mel ted pa raf fin in a ste -

ri le ca bi net. Injec ti ons of the test so lu ti ons were per -

for med just pri or to pla cing the eggs in the in cu ba tor.

After the shell was dril led at the blunt ends of the eggs, 

20 ìl of test so lu ti on was in jec ted into the air sac (Pre -

lus ky et al., 1987; Çe lik et al., 2000a). For in jec ti ons,

mi cro pi pet tes (Se al pet te, Jen cons, Fin land) with ste -

ri le tips were used. After the in jec ti ons, the ho les were 

im me di a te ly se a led with mel ted pa raf fin and the eggs

were then pla ced in an in cu ba tor (Söktav, Tur key) at

37oC, 65% RH. The eggs were tur ned eve ry 2 hours.

Sta ging of em bry o nic de ve lop ment

The eggs were ope ned on days 7, 10, 12, 13, 15 and

18 of in cu ba ti on. Embry o nic sta ges were de ter mi ned

ac cor ding to the Ham bur ger-Ha milt on (H-H) sca le

(Ham bur ger and Ha milt on, 1951).

His to lo gi cal in ves ti ga ti ons

On the 7th and 10th days of in cu ba ti on, 6 ran dom ly

se lec ted who le em bry os from each group were fixed

in buf fe red for mal de hy de-sa li ne so lu ti on (pH 7.4),

de hy dra ted and em bed ded in pa raf fin blocks (Cul ling

et al., 1985). On days 12, 13, 15 18 and 21 of in cu ba ti on,

6 em bry os were sam pled from each group. Half of

each em bryo and its thy mic lo bes were fixed in a

phosp ha te buf fe red for mal de hy de-su cro se so lu ti on

(+4°C, pH 6.8) for 24 h and then kept in Holt’s so lu ti on

(+4ºC) for an ad di ti o nal 24 h for the his toche mi cal de -

mon stra ti on of ANAE (Know les and Holck, 1978;

Prut hi et al., 1987; Mai ti et al., 1990). For rou ti ne his -

to lo gi cal exa mi na ti ons, 6 ìm thick tis sue sec ti ons ta -

ken from pa raf fin blocks were stai ned with Cross -

man’s trichro me stai ning (Cul ling et al., 1985) and

Pappenheim’s pa nop tic stain (Ko nuk, 1981). His to lo -

gi cal chang es were in ves ti ga ted with the light mi cros -

co pe.

ANAE de mon stra ti on and May Grünwald-Giem -
sa stai ning on the blood sme ars

Car di ac blood sam ples were ta ken into he pa ri ni zed 

tu bes (10 IU ml/blood) on days 12, 13, 15, 18 and 21

of in cu ba ti on. From each sam ple, 4 sme ars were pre pa -

red and air dried. The sme ars were fixed in phosp ha te

buf fe red glu ta ral de hy de-ace to ne so lu ti on (pH 4.8) at

–10°C for 3 mi nu tes. Two of the sme ars were used for

ANAE de mon stra ti on (Cos kun et al., 1998), the re -

mai ning ones were stai ned with May Grün wald-

 Giem sa (Ko nuk, 1981) for the de ter mi na ti on of PBL

per cen ta ges.

ANAE his toche mis try

ANAE was de mon stra ted on both blood sme ars

and in 12 ìm thick cry os tat (Slee Lon don) sec ti ons,

ac cor ding to the me thod of Mai ti et al. (1990). The in -

cu ba ti on so lu ti on was pre pa red by mixing 80 ml of 

0.067 M phosp ha te buf fer (pH 5.0), 4.8 ml of  hex azo -

ti zed pa ra ro sa ni li ne [2.4 ml of pa ra ro sa ni li ne (Sig ma, 

C.I.N. 42500) and 2.4 ml of  4% so di um ni tri te in dis til -

led wa ter] and 20 mg of alp ha naphthyl ace ta te (Sig ma,

N-8505) in 0.8 ml of ace to ne. The fi nal pH of the in cu -

ba ti on so lu ti on was ad ju sted to 5.8 with 1 N NaOH.

Tis sue sec ti ons were in cu ba ted for con trol led pe ri ods,

whe re as the blood sme ars were in cu ba ted for 2 h at

37°C. After in cu ba ti on, the sme ars and sec ti ons were

rin sed in dis til led wa ter and coun ter-stai ned for 10

mi nu tes with 1% me thyl green (Merck, C.I.N., 2585)

pre pa red in 0.1 M ace ta te buf fer (pH 4.2). The sli des

were de hy dra ted and moun ted with syn the tic moun -

ting me di um (Entel lan, Merck).

Eva lu a ti on of his toche mi cal stai ning 

In both tis sue sec ti ons and blood sme ars, the cells ha -

ving lymp ho cy te morp ho lo gy and 1 to 3 lar ge, red -

dish-brown gra nu les were clas si fied as ANAE-po si ti ve

T lymp ho cy tes. Si mi lar ly, PBL per cen ta ges were also

de ter mi ned by coun ting 200 leu ko cy tes on the May

Grünwald-Giem sa stai ned sme ars. The po si ti vi ty ra tes

were ex pres sed as per cen ta ges of the lymp ho cy tes coun -

ted. The lo ca li za ti on pat terns of both ANAE- po si ti ve

and ne ga ti ve cells were de ter mi ned mi cros co pi cal ly in

the sec ti ons.

Sta tis ti cal ana ly ses

Sta tis ti cal ana ly ses were per for med with a stand ard

com pu ter pro gram (Mi ni tab for Win dows, Re le a se, 9.2,

1993). Dif fe ren ces be tween the arc si ne trans for med

ANAE po si ti vi ty va lu es of PBL were ana ly zed by one-

 way ANOVA (Yýldýz and Bir can, 1991). 

RESULTS 

His to lo gy of the thy mus

His to lo gy of the pre su med thy mic lo bu les dis play ed

a si mi lar morp ho lo gy in all con trol and ex pe ri men tal

groups at day 7 of in cu ba ti on. Ho we ver, at d 10, the

de ve lop ment of the or gan was re tar ded in the 10, 20
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and 40 ng/egg AFB1 groups. The de ve lop ment and

his to lo gi cal or ga ni za ti on of the lo bu les were sub stan -

ti al ly im pai red and sup pres sed in the 10, 20 and 40

ng/egg AFB1  groups be tween days 10 and 18 of in cu -

ba ti on (Fi gu res 1, 2). The ani mals in the 5 and 10 ng

AFB1-tre a ted groups hat ched with the thy mu ses dis -

play ing a si mi lar his to lo gy to tho se of the con trols. By 

con trast, no chic ken hat ched in the 20 and 40 ng/egg

AFB1 groups.  

Re sults of ANAE his toche mis try

ANAE-po si ti ve lymp ho cy tes were first ob ser ved

in the me dul la ry re gi ons of de ve lo ping thy mic lo bu -

les from the con trol ani mals on d 12 of in cu ba ti on,

whe re as ANAE po si ti ve lymp ho cy tes were first ob -

ser ved at a low le vel (2%) in the pe rip he ral blood on d

18 of in cu ba ti on (Fi gu re 3). On day 21 of in cu ba ti on,

per cen ta ges and ANAE-po si ti vi ty of PBL in 5 and 10

ng/egg AFB1 groups were sig ni fi cant ly (P<0.05) lo -

wer than tho se of the non-tre a ted con trol, dril led-se a -

led and sol vent (30%) in jec ted groups. Ho we ver, the

dif fe ren ces be tween the 5 and 10 ng/egg AFB1 groups

were not sig ni fi cant (Ta ble 1). 

DISCUSSION

AF le vels rang ing from 5 to 100 ppb in broi ler food

have been de tec ted in dif fe rent coun tries ( He ga zy et

al., 1991; Kichou and Wal ser, 1993; Nizamlýoðlu,

1996; Pi tet, 1998). The le vels most ly ac cu mu la te to

less than 50 ppb, but AFB1 is found at re la ti ve ly lo wer

le vels. Özpýnar et al. (1988) found 0.2-30.4 ppb AFB1

in poul try feed. With a car ry-over ra tio of 1/2000 and

an AFB1 le vel of 10 ppb, an egg will con tain 1.3 ng

AFB1 when the hen has con su med 130 g of the food

dai ly and laid eve ry ot her day. Ho we ver, with a 20 ppb 
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Fi gu re 1 (a, b). His to lo gic sec ti ons of de ve lo ping 
thy mic pri mor di um from con trol chic ken em -
bryo (a, Trichro me stain) and 20 ng AFB1 group 
(b, Pappenheim’s pa nop tic stain) on d 10 of in -
cu ba ti on. Re tar ded de ve lop ment of thy mic lo -
bes of the thy mic pri mor di um is clear ly seen in
the ani mal tre a ted with AFB1.

Fi gu re 2 (a, b). His to lo gic sec ti ons of thy mu ses
from con trol (a) and 20 ng AFB1 group (b) on d
13 of in cu ba ti on (Trichro me stain). Re tar ded
de ve lop ment of thy mic lo bu les is clear ly seen in
the ani mal tre a ted with AFB1.

Fi gu re 3. ANAE-po si ti ve pe rip he ral blood lymp ho cy -
te (ar row) is ob ser ved on d 18 of in cu ba ti on (ANAE
de mon stra ti on, ac cor ding to Coºkun et al., 1998).



AF li mit, the AFB1 con tent of the egg would in cre a se

up to 2.15 ng, sin ce na tu ral AF con sist of  83.06%

AFB1, 12.98% AFB2, 2.84% AFG1 and 1.12% AFG2

(Oðuz, 1997). Although the es ti ma ted le vel of AFB1

may not cau se im por tant pro blems in hu man he alth, it

can cau se se ri ous pro blems in poul try. Using the chick 

em bry o toxi ci ty scree ning test-I (CHEST-I), Je li nek et

al. (1985) de ter mi ned the em bry o toxi ci ty li mits for

AFB1 as 0.3 to 30 ng/egg, and the te ra to ge ni ci ty li mits

as 3 to 30 ng/egg. In the pre sent stu dy re la ti ve ly hig -

her do ses - 5, 10, 20, and 40 ng AFB1/egg le vels - were

used sin ce the li mits are fre quent ly ex cee ded. More-

over, pre vi ous re search ers (Sud ha kar, 1992; Oli vei ra

et al., 2000) have re por ted dif fe rent re sults for AFB1

le vels in the chic ken egg. Sud ha kar (1992) found 5

ng/g AFB1 in the eggs of lay ers fed a diet con tai ning

600 ppb AFB1 for 3 weeks, whi le Oli vei ra et al.

(2000) found 6 ng AFB1 in the eggs from lay ers fed a

diet con tai ning 500 ppb AFB1 for 8 weeks. In ad di ti on,

Je li nek et al. (1985) ob ser ved 33% em bry o nic mor ta -

li ty, 12% he art ab nor ma li ties, and 4% dis clo su res of

the body wall at em bry o toxic and te ra to ge nic le vels.

Among the many ad ver se ef fects cau sed by AF are

he pa to toxi ci ty, nephro toxi ci ty, cy to toxi ci ty, mu ta ge -

ni ty, ge no toxi ci ty and te ra to ge ni ty (Wong and Hsieh,

1976; Smith and Moss, 1985). Bi o trans for ma ti on of

AFB1 le ads to the more ac ti ve me ta bo li tes AFB1-2,3

and AFB1-8,9 epoxy de ri va ti ves by me ans of a cy -

tochro me p-450 de pen dent he pa tic or ex tra he pa tic

mixed func ti on oxi da se (MFO) sy stem in the pre sen -

ce of mo le cu lar oxy gen and NADPH (Ka den et al.,

1987; Kären lam pi, 1987).  In par ti cu lar, the me ta bo li te

AFB1-8, 9 epoxi de is con si de red to be res pon si ble for

the car cin oge nic ef fect, due to its high abi li ty to re act

with nu cle op hi lic si tes in ma cro mo le cu lar com po -

nents (Lee son et al., 1995). The se de ri va ti ves have
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Ta ble 1. Pe rip he ral blood lymp ho cy te per cen ta ges and ANAE-po si ti ve lymp ho cy te ra tes of con trol and ex pe ri men tal
groups on the day of hat ching.

Tre at ment n Pe rip he ral blood lymp ho cy te per cen ta -

ges on the day of hat ching (%)  

(X±S)

ANAE (+) lymp ho cy te ra tes on  the 

day of hat ching (%)

(X±S)

Group 1

(Non-tre a ted con trol )

6 16.33±3.56a 37.18 ±1.50a

Group 2

(Dril led-se a led)

6 15.83±2.32a 35.35±0.94a

Group 3

(%30 ETOH)

6 15.50±1.87a 35.28±0,33a

Group 4

(5 ng/egg  AFB1)

6 11.50±1.97b 34.95±1.44 b

Group 5

(10 ng/egg AFB1)

6 11.34±1.86b 34.87±0.98b

a-b Va lu es wit hin a co lumn with no com mon su per scripts are sig ni fi cant ly dif fe rent (p<0.05). 



the abi li ty to form DNA-af la toxin ad ducts re sul ting

in ma lig nant trans for ma ti ons and de le ti ons (La Far ge

and Frays si net, 1970). The for ma ti on of DNA-af la -

toxin ad ducts re sults in ma lig nant trans for ma ti ons

and de le ti ons (La Far ge and Frays si net, 1970) and sis -

ter chro ma tid ex chang es (Pot chin sky and Bloom,

1993). The se fin dings may evi den ce the car cin oge ni ty

of AF. The im mu no toxi ge ni ty of AF is the most im -

por tant and well do cu men ted fac tor (Smith and Ha -

milt on, 1970; Thax ton et al., 1974; Gi am bro ne et al.,

1978; Gi am bro ne et al., 1985a, b).

AFB1-DNA ad ducts have also been shown to in hi bit

the syn the sis of ri bo nu cleic acid (Jef fe ry et al., 1984),

which re sults in in hi bi ti on of the syn the sis of en zy -

mes and ot her pro teins such as an ti bo dies (Hatch,

1988). Red dy and Shar ma (1989) sho wed that AFB1

de pres sed DNA syn the sis in cul tu red sple nic cells.

Inhi bi ti on of pro tein and in ter leu kin syn the sis will re -

sult in in hi bi ti on of in ter ac ti on and com mu ni ca ti on

be tween cells of the lymp hoid sy stem (Du gy a la and

Shar ma, 1996). AF have sig ni fi cant de pres si ve ef -

fects on the cell-me di a ted im mu ni ty in the chic ken, as

me a su red by graft-ver sus-host and de lay ed hy per sen -

si ti vi ty skin re ac ti ons (Gi am bro ne et al., 1978). The

det ri men tal ef fects of AFB1 on the his to lo gi cal struc -

tu re of lymp hoid or gans may also cau se a sig ni fi cant

de cli ne in the pe rip he ral blood T-lymp ho cy te le vels

of the chic ken (Ghosh et al., 1991; Çe lik et al.,

2000b). Nel don-Ortiz and Qu res hi (1992a) and Çe lik

et al. (1996) re por ted that low le vels of AFB1 cau sed

in hi bi ti on of pha go cy tic and mi cro bi ci dal ac ti vi ty of

pe ri to ne al ma crop ha ges in the chic ken. Mo re o ver,

Nel don-Ortiz and Qu res hi (1992b) sho wed that AFB1

ad mi nis te red in the ear ly em bry o nic pe ri od cau sed si mi -

lar ef fects on the ma crop ha ges of hat ching chic kens.

Gi am bro ne et al. (1978) re por ted that in chic kens fed

a diet of 2.5 mg/kg AF, the de lay ed-type hy per sen si ti -

vi ty skin re ac ti ons to tu ber cu lin were re du ced. Ghosh

et al. (1991) sho wed a sig ni fi cant de cli ne in skin sen -

si ti vi ty and graft ver sus host re ac ti on, which were

used to eva lu a te cell me di a ted im mu ni ty in broi ler

chic kens, even when a non-toxic dose was ad mi ni -

stra ted. They also re por ted sig ni fi cant de cre a ses in

pha go cy tic ac ti vi ty of the sple nic ma crop ha ges.

AFB1 in food and food stuffs may have det ri men tal

ef fects on the lymp hoid or gans of the de ve lo ping em -

bryo. In chic kens, the de pres si on of the im mu ne sy s -

tem func ti ons via the de cre a sing num ber of B lympho -

cy tes as a re sult of bur sal da ma ge (Ghosh et al., 1991;

Çe lik et al., 2000b). In the pre sent stu dy, in ovo ad mi -

ni stra ti on of AFB1 pri or to in cu ba ti on sub stan ti al ly

di mi nis hed em bry o nic de ve lop ment of thy mus, and

also de cre a sed ANAE-po si ti ve lymp ho cy te counts on 

the 21st day of in cu ba ti on com pa red to the con trols,

alt hough the re were no his to lo gi cal dif fe ren ces be -

tween the thy mu ses of the groups. 

The mecha nism of the ef fects of AFB1 in adult chic -

kens has been cla ri fied, but litt le is known about the

toxi ci ty on em bry o nic cells and the de toxi fi ca ti on

mecha nisms of the cells in this pe ri od of the life. The

li ver and kid neys are not func ti o nal ly de ve lo ped be -

fo re the 6th day of in cu ba ti on (Ha milt on et al., 1983).

Mo re o ver, cell di vi si on and dif fe ren ti a ti on oc cur at

high speed du ring this cri ti cal sta ge of morp ho ge ne sis 

(Ku ce ra and Burn and, 1987; Çe lik et al., 2000a). The re -

fo re, chic ken em bry os are very sen si ti ve to the harm ful

ef fects of en vi ron men tal agents in the ear ly sta ges of

em bry o nic de ve lop ment (Etches, 1996). The ac cu -

mu la ti on of em bry o nic de ath in the ear ly em bry o nic

sta ges ob ser ved in this stu dy may show that the non-

 me ta bo li zed, in tact AFB1 mo le cu le is also a highly

toxic sub stan ce. 

From the pre sent stu dy it was con clu ded that low le -

vel ad mi ni stra ti on of AFB1 in ovo at the be gin ning of

ear ly em bry o nic de ve lop ment pro found ly af fec ted the

em bry o nic de ve lop ment of the thy mus and de cre a sed

the ANAE po si ti ve pe rip he ral blood lymp ho cy te per -

cen ta ges du ring the ear ly em bry o nic pe ri od. Con se -

quent ly, the AFB1 in bree der diets should be ques ti o ned

be cau se AFB1 trans fer red into the fer ti li zed eggs may

cau se se ri ous pro blems such as lo wer flock im mu ni ty,

lo wer hat cha bi li ty and lo wer vi a bi li ty of chicks. 
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