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Summary 

The illhihitory effects of aOatoxin BI (AFB 1) on hepatic DNA biosynthesis 

was compared in growing and day-old chickens. A single ip dose of AFB 1 

(0,25.50.100 or 200llg/kg BW) was administered to groups of hen and day

old female Hybro-broiler chickens pre-treated with [)Hj-thymidine. Ali the 

chic kens were given laheled thymidine 22h prior to AFB 1 administration 

and sacrificed 2h after AFR 1 injection. Livers were removed and processed' 

for DNA isolation and estimation of thymidine incorporation into nuclear 

DNA. A differential inhibitory effect of AFBI on DNA biosynthesis in hen 

and chicks was noticed. The overall results showed that as compared to 

gro\\ ing chic kens. youngers are relatively more refractory to AFB I-induced 

inhibition in DNA biosynthesis. A single dose of AFBI (25.50. 100 or 200 

Ilglkg BW) administered to day-old chickens caused on average 23-28% 

inhibition in DNA biosynthesis. Whereas under similar conditions of dose 

and treatments to the growing group, a greater (36-47%) but dose-dependent 

inhibition in hen's liver DNA is recorded. 
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Introduction 

Aflatoxins (81, A2, Gland G2) are a group of structurally related mycotoxins 

produced as secondary metabolites by toxigenic strains of Aspergillus flavus and 
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Aparasitic/ls. Fungal growth and atlatoxin production on agricultural grains IS 

increased under favorable conditions of temperature and humidity (Allameh & 

Razzaghi ~OO l, Betina ('( a/ 1989). Atlatoxin BI (ArS 1) has been proved as a highly 

potent hepatocarcinogenic and hepatotoxic chemical in several animal species. AFB 1 

exerts its biological effects aner metabolic activation by cytochrome P-450-

dependent monooxygenase activity to its reactive fonn i.e. AFB 1-8, 9-epoxide, 

leading to covalent binding to cellular macromolecules particularly DNA (Croy et a/ 

1978, Swenson et a/ 1977). //1 vitro and in vivo studies showed that microsomal 

dependent cytochrome P-4S0 generated reactive AFB I-epoxide could be inactivated 

by cytosolic glutathione (GSH) S-transferases to prevent AFB I-DNA adduct 

formation (Degen & Neumann 1981. Lotlikar et a/ 1984). 

Exposure of animais to atlatoxin-contaminated diet is associated with various 

histopathological and biochemical changes in the li\er (Cullen & Newberne 1993, 

Newberne & Butler 1969). Inhibition of the biosynthesis of macromolecules (DNA, 

RNA and proteins) in liver is considered as the primai'); biochemical etTects of AFB 1 

(Godoy & Neal 1976, Rogers & Newberne 1967, Yu 1981). Despite a bulk of 

information on the biological effects of aflatoxins on various animal species, very 

little has been documented on the effect of age on Ihe metabolism of aflatoxins. In 

the recent years we have performed series of experiments to evaluate the efficiency 

of growing rats in metabolizing and eliminating atlatoxin metabolile. Our 

preliminary study in vitro revealed that microsomes drive l'rom newborn rats are less 

capable of converting AFB 1 to its reactive met<\bolile as judged by its adduct 

formation to DNA (Behroozikha et a/ 1992). FUl1her studies carried out in vivo 

showed that delayed AFB 1 epoxidation in growing raI liver is in consistent with the 

rate of AFS 1 detoxification (Chelcheleh & Allameh 1995). More recently studies 

carried out on two selected age groups ofrats showed a differential induction in the 

cytosolic glutathion S-transferase (GST) activity with concomitant increase in 

AFS I-GSH conjugation in tissues of weanling rats (Allameh et a/ 1999). 

Mycotoxin contamination of feed has an enormous impact on the health of 

domestic animais for example, economic losses in the poultry industry from poor 
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growth and efficiency of feed conversIOn have been associated with aflatoxins in 

feed (Jones et al 1982). These compounds cause a serious disease in trout, poultry, 

livestock and other animaIs (Newbeme & Butler 1969). Among the non-mammalian 

animais, chicken is relatively more resistant to the toxic and carcinogenic effect of 

aflatoxins (Allcraft 1969, Gawai et al 1992). With the development of broiler strains 

genetically selected for rapid growth a relative increase in the frequency oftumors in 

young chickens has been observed (Campbell & Appleby 1966, Hemsley 1966). In 

the present study an attempt has been made to investigate the inhibitory effects of 

different doses of AFB 1 on the biosynthesis of DNA in livers of day-old and 

growing chickens. 

Mate,.ials and Methods 

Chemicals. Aflatoxin BI, dimethyl sulfoxide (DMSO) and calf thymus DNA were 

obtained from Sigma, U.S.A. [3H]-thymidine was the pro du ct of Amersham Inc. 

U.K. Other chemicals and reagents were from Merck, Germany. 

Experimental procedures. Two different age groups of female Hybro-broiler 

chickens were taken for these experiments. Growing chic kens were 45±5 day-old 

and divided into five subgroups each of 5. Likewise day-old chicks were divided into 

five subgroups. In order to measure the inhibitory effects of AFB 1 on the 

incorporation of 3H-thymidine in DNA, 22h prior to AFB 1 a single dose of 

radioactive thymidine was injected intraperitoneally (ip) to ail the chickens. The 

specific activity of stock solution of eH]-thymidine was 15.8Ci/mmol. Each young 

chicken was injected with thymidine prepared in normal saline solution (l51l1 of 

stock solution dissolved in 0.2ml solution for each young chicken). Likewise each of 

the growing chickens received 900lli oDH-thymidine prepared in 2mlofnormal 

saline solution. The inhibitory effect of AFB 1 on thymidine uptake was compared in 

control and AFB I-treated chickens. Chickens in experimental groups were injected 

with a single i.p dose of AFBI, which was prepared in DMSO. Various doses of 

AFB 1 viz. 0, 25, 50, 100 or 200Ilg!kg BW were prepared and administered to 

different experimental groups. Chickens in control groups were given DMSO alone. 
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Ali the chickens were sacrificed 2h after AFB 1 treatment. Livers were removed 

and processed for DNA isolation and measurement of [JH]-thymidine incorporation 

into nuclear DNA. The results of CH]-thymidine incorporation in tissue nuclear 

DNA was expressed as cpm/g liver. DNA content of the samples was measured by 

diphenylamine reagent, using calf thymus DNA as standard (Burton 1956). 

Results 

Administration of a single dose of aflatoxin BI to groups of hen and day-old 

chickens pretreated with CH]-thymidine, caused a Qifferential inhibitory effects on 

DNA biosynthesis in adult and young chickens as judged by the rate of CH]

thymidine incorporation into liver nuclear DNA (Figure 1). The rate of thymidine 

incorporation in DNA calculated for control groups (DMSO-treated) was considered 

as 100% and the rate of DNA biosynthesis inhibition due to AFB 1 was ca\culated 

accordingly. 
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Figure \. Comparison of"lhe e{fèc/ of"afill/oxin BIon DNA hiosynthesis in livers of day-old and 
grvll'ing chickens 

The rate of liver DNA biosynthesis was found to be inhibited by 36, 41 and 47% 

in chickens pretreated with 25,50 or 100llg AFBl/Kg BW. Higher doses of AFBl 

i.e. 200llg/kg given to growing chickens failed to further inhibit DNA biosynthesis. 

One day-old chicken showed relatively more refractory to AFB 1 treatments. Doses 
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of 25, 50, 100 and 200l-lglkg of AFB 1 resulted in 24, 23, 29 and 28% inhibition in 

liver DNA biosynthesis respectively. Results are presented as Mean±SEM of 5 

analysis carried out in duplicate on 5 tissues l'rom 5 separate chic kens. The data from 

ail the AFB I-treated groups are signi ticantly di fferent with p<0.05 from their 

respective control groups. 

Discussion 

Inhibition of DNA biosynthesis has been accepted as a primary cellular alteration 

that is impacted by AFB 1 administration and that represents an important initiation 

event through which toxin exerts its effects on the molecules and tissues. As a 

consequence of this the following biochemical processes may be affected: RNA and 

protein synthesis. lipid metabolism. mitochondrial function, Iysosomal enzyme 

activities and membrane transport. 

Inhibition in li\er D\:.\ bios:nth~sis is also linked to the metaboli( <j(ti\ation and 

detoxification of AFB 1 in the li\'er. The effect of age on AFB 1 metabolism and 

biological effects was studied in rats, Our preliminary studies carried out to compare 

the activities of key enzymes invohed in AFB 1 metabolism in rats of various age 

groups rewaled that in immature rat hepatic microsomal cytochrome P--l50 together 

with GSH content and GST activity are signiticantly lower as compared to that in 

adults. These data were further contirmed in vitro in a reconstitution incubation 

system involving sub cellular fractions derived l'rom livers of rats of different ages 

(Behroozikha et a/ 1992). When these findings \\ere examined in l'il'O unexpected 

results were obtained. It has been obsened that hour after administration of 

paracetamol. a hepatotoxic drug, to the young rats the activity of GST increases 

significantly. GST induction in response to the xenobiotics causes a surge in the rate 

of the xenobiotic-glutathione conjugate rormation in the tissues. The inducibility or 

GST was confined to young rats and very little changes were observed in tissues of 

adult rats. 

A single toxic dose of paracetamol administered to young and adult rats resulted in 

a 24-fold increase in drug-GSH c_onj~g.ate formation (Allameh et a/1997). Such 
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differences could be attributed to the differential induction in liver GST activity in 

adult and young rats (Allameh et al 1999). Studies on aflatoxin BI metabolism in 

young and adult rats, revealed that due to lower levels of liver cytochrome P-450 in 

young rats, the rate of AFB 1 adduct formation to liver nuc1ear DNA is lower during 

early ages. lt has been suggested that slowly generated epoxide is one of the 

protective mechanisms involved in modulation of deleterious effects ofthis toxic 

metabolite. Delayed formation of epoxidè enables the detoxification enzyme system 

to efficiently eliminate the reactive metabolites (Che1cheleh & Allameh 1995). 

Further experiments carried out with atlatoxin Blin rats show that administration of 

this carcinogen increases the GST activity in young tissues (liver and kidneys) more 

significantly than that in adults. This data suggest that probably immature rats are 

capable of eliminating aflatoxin metabolites more efficiently and relatively faster as 

compared to adults (Allameh et aI2000). 

Very little has been documented on the molecular mechanisms of AFB I-induced 

liver damages in chicken. Differences observed in the inhibitory effects of AFB 1 on 

liver DNA biosynthesis between hens and day-old chickens indicate that the 

differences in the drug metabolizing enzyme system in tissues of the two ages group. 

The percentage inhibition in liver DNA biosynthesis is greater in adults showing that 

the metabolic activation and formation of reactive metabolites in mature liver is 

relatively more efficient. In addition the rate of the detoxification of toxic 

metabolites via glutathione conjugation takes place with a normal rate, whereas the 

rate of cytochrome P-450 dependent epoxidation is relatively lower in young 

chickens as compared to that of growing. On the other hand, it seems that the 

development of phase II detoxitication enzyme i.e. glutathione S-transferases 

precedes phase 1 xenobiotic metabolizing system. Furthermore there are evidences 

showing that the activity of cytosolic GSH S-transferase is induced more readily in 

younger animais in response to AFB 1. The percentage inhibition of DNA 

biosynthesis due to different doses of AFB 1 in hens was 36-47%. A single small 

dose of AFB 1 caused about 36% inhibition in DNA biosynthesis. Higher doses of 

AFB 1 increased the inhibition rate up to 47%.The process of DNA biosynthesis in 
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young chickens showed a relatively more resistance to AFB 1 treatments. A 

maximum 28% inhibition was recorded in livers of young chickens dosed with 

200~g AFB 1 /kg. These data suggest that day-old chicken is more refractory to the 

primary biological effects of AFB 1. 

In conclusion, the differences between adult and young animaIs In drug 

metabolism are attributed to several factors as described briefly below: 

-The delayed metabolic activation of AFB 1 mediated by cytochrome P-450. 

-More readily inductiQn in AFB 1 detoxification enzyme i.e. glutathione S-

transferase in younger animaIs. 

-Efficiency of Iiver in hydrolysis/repair of the AFB I-ONA adducts at early ages. 

-Increased rate of aflatoxin conjugate formation and elimination through kidneys. 

References 

Allameh, A., Farahani, M. and Zarghi, A. (2000). Kinetic studies of atlatoxin B 1-

glutathione conjugate formation in liver and kidneys of adult and weanling rats. 

Mechanisms of Ageing and Development 115:73-83. 

Allameh, A., Razzaghi abyaneh M. (2001). Mycotoxins. Imam Hossein University 

Publication, Tehran. (in Persian). 

Allameh, A., Nikseresht, M. and Khairdoosh, F. (1999). Role of cytosolic 

glutathione S-transferases in protection against acetaminophen-induced lipid 

peroxidation. Medical Journal of l.R. Iran 13:213-217. 

Allameh, A., Vansoun, E. and Zarghi, A. (1997). Role of glutathione conjugation 

in protecting of weanling rat Iiver against acetaminophen-induced hepatotoxicity. 

Mechanisms of Ageing and Development 95: 189-196. 

Allcraft, R. (1969). Aflatoxicosis in farm animaIs. In: Aflatoxins. scientific 

background, control and implication. Goldblatt edition, Academic Press Inc. 

Behroozikha M., Saeedi M. and Allameh, A. (1992). Comparison of atlatoxin B 1-

ONA binding and glutathione conjugation by liver preparations from rats of different 

ages. Cancer Letters 66:69-76. 



Betina, V., (1989). Mycotoxins, Chemical, Biological and Environmental Aspects. 

Vol. 9, Betina edition, Elsevier Publication, Amsterdam, Oxford, Tokyo, New York. 

Burton, K. (1956). A study of the conditions and mechanisms of the 

diphenylamine reaction for the colorimetric estimation of DNA. Biochemical Journal 

62:315-323. 

Campbell, J .G., Appleby, E.C. (1966). Tumors in young chickens bred for rapid 

growth (broiler chickens). A study of 351 cases. Journal of Pathology and 

Bacteriology 92: 77-90. 

Chelcheleh, M., Allameh, A. (1995). In vivo biotransformation of aflatoxin BI 

and its interaction with cellular macromolecules in neonatal rats. Mechanisms of 

Ageing and Development 78: 189-196. 

Croy, R.G., Essigmann, lM., Reinhold, V.N and Wogan, G.N. (1978). 

Identification of the principal aflatoxin B I-DNA adduct fonned in vivo in rat liver. 

Proceeding of National Academy of Sciences, USA. (756): 1745-1749. 

Cu lien, J.M., Newberne P.M. (1993). Experimental Toxicology ofaflatoxins. 1. 

Acute hepatotoxicity of aflatoxins. In: The toxicology of aflatoxins, human health, 

vetrinary and agricultural significance. Pp:3-21. Eaton and Groopman editions, 

Academic Press Inc. 

Degen, G.H., Neumann, H.G. (1981). Differences in aflatoxin B I-susceptibility of 

rat and mouse are correlated with the capability in vitro to inactivate aflatoxin B 1-

epoxide. Carcinogenesis 2:299-306. 

Frenkel, G.D. (1985). Effects of sodium and selenate on DNA and RNA synthesis 

in vitro. Toxicology Letfers 25:219-223. 

Gawai, K.R., Vodela, J.K., Dalvi, P.S. and Dalvi, R.R. (1992). Comparative 

assessment of the effect of atlatoxin Bion hepatic dysfunction in sorne mammalian 

and avian species. Comparative Biochemist/:v Physiology 101 C:41 5-418. 

Godoy, H.M., Neal, D.J. (1976). Some studies of the effects of aflatoxin Blin 

vivo and in vitro on nucleic acid synthesis in rat and mou se. Chemico-Biological 

Interactions 13:257-277. 



Arch. Raz; Ins. (53) 2002 65 

Hemsley, L.A. (1966). The incidence of tumors in young chickens. JOl/rnal of 

Pathology and Bacteriology 92 :91-96. 

Jones, F.T., Hagler W.M. and Hamilton P.B. (1982). Association of low levels of 

aflatoxins in feed with reproductivity losses in commercial broiler poultry. Poulfl"Y 

Sciences 61 :861-866. 

Lotlikar, P.O., Jhee, E.C., Insetta, S.M. and Cleartield, M.S. ( 1984). Modulation 

of microsome-mediated aflatoxin BI binding to exogenous and endogenous DNA by 

cytosolic glutathione S-transferases in rat and hamster livers. Carcinogenesis 5:269-

276. 

Newberne, P.M., Butler, W.H. (1969). Acute and chronic effects of atlatoxin on 

the liver of domestic and laboratory animais. Cancer Research 29:236-250. 

Rogers, A.E., Newberne, P.M. (1967). The effects of atlatoxin BI and dimethyl 

sul fox ide on 3H-thymidine uptake and mitosis in rat liver. Cancer Research 27:855-

864. 

Swenson O.H., Lin J., Miller E.C. and Miller J.A. (1977). Allatoxin B 1-2,3-oxide 

as a probable intermediate in the covalent binding of allatoxin BI and B2 to rat liver 

DNA and ribosomal RNA in vivo. Cancer Research,37: 172-181. 

Yu F.L. (1981). Studies on the mechanism of aflatoxin BI inhibition of rat liver 

nuclear RNA synthesis. Journal ofBiological Chemistry, 256: 3292-3297. 


