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INTRODUCTION

Aflatoxins are produced by the strains of Aspergillus flavus
and Aspergillus parasiticus and can be present as
contaminants in a variety of food and feedstuffs (Beg et al.,
2006; Richard, 2007; Shah et al., 2010 and Starling  et al.,
2012). The mechanisms of action of aflatoxins involve their
metabolism to reactive intermediates, which bind to
macromolecules with consequent disruption of transcriptional
and translational processes (DIAZ, 2005). Aflatoxin B1 is the
most prevalent form and has potent hepatotoxic, carcinogenic,
genotoxic, immunotoxic and other adverse effects in many
animal species including poultry (Miller and Wilson, 1994;
Richard, 2007; Fink-Gremmels, 2008; Rawal et al., 2010).
Since definitive ways for complete detoxification of mycotoxin
contaminated food and feed do not exist, new approaches to
mitigate mycotoxicosis are being investigated (Bintvihok and
Kositcharoenkul, 2006; Madrigal-Santillan et al., 2007; Ozen
et al., 2009; Sirajudeen et al., 2011). Aflatoxin B1 can occur
as natural contaminant with poultry feed. Since aflatoxin B1
has been shown to exert an inhibitory effect on hepatic
cytochrome P450 monooxygenases (Guerre et al., 1996a, b,
1999, 2000; Meissonnier et al., 2007). It has been suggested
that a different doses of aflatoxins at low concentration may
have negative effects. The above facts and the limited literature
on this subject prompted the authors to study the pathological
changes in various organs of broiler chickens fed with low
grade aflatoxin.

MATERIALS AND METHODS

ABSTRACT
Experimental mycotoxicoses was induced into broiler chickens by feeding 100 and 150 ppb aflatoxin from 0 to
45 days of age to evaluate the gross and histopathological changes. Grossly, the liver was enlarged, icteric,
mottled soft and friable. Histopathologically, the liver showed hepatomegaly, focal necrosis, degenerative changes
of hepatic cell, icteric mucous membranes, petechial haemorrhages, diffuse centrilobular necrosis, fatty change,
chronic toxicity resulted in cirrhosis and bile duct hyperlpasia. Renal parenchyma showed degeneration and
necrosis of tubules with focal lymphocytic infiltration in kidneys. In lungs shows congestion and oedema. Brain
was showed occasional congestion & vacuolation. Spleen was congested and slightly increased in size. Bursa of
fabricius was showed slight congestion throughout the study. Thus from above observations it was concluded
that aflatoxin fed at 100 and 150 ppb have adverse effect on general health of broilers.
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Broilers and diet

Ninety one-day-old, Vencobb 400 broiler chicks were
obtained from a commercial hatchery. Individually weighed
chicks were divided at random into three groups. The chicks
were housed in electrically heated compartments with
continuous lighting and were fed a commercial feed starter
(maize and soybean based, 230 g protein, 13.80 MJ ME kg
Â1) up to 21 days and thereafter a grower diet (215 g protein,
13.60 MJ ME kg Â1) up to 45 days. Broiler chickens were
allowed access to the diets and water ad libitum. The basal
diets were tested for possible residual aflatoxin before feeding
and there were no detectable levels present.

Experimental design

The experimental design consisted of three dietary treatments:
(1) Control: Basal diet; (2) Treatment Basal diet + 100 ppb
aflatoxin in diet; (3) Treatment Basal diet + 150 ppb aflatoxin
in diet. All the results were analysed statistically by analysis of
variance to determine the means and standard error, as per
the method described by (Snedecor and Cochran, 1967).

Aflatoxin

The Aflatoxin was produced from A. parasiticus NRRL 2999
culture (USDA, Agricultural Research Service, Peoria, IL) via
fermentation of rice by the method of Shotwell et al. (1966).
Successfully fermented rice was then steamed to kill the fungus,
dried and ground to a fine powder. The aflatoxin content in
rice powder was analyzed by the method of Shotwell et al.
(1966) and measured by sending feed sample to Nammakkal.
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Pathological examination

When the chicks reached 15th, 30th & 45th days of age, the
feeding trial was terminated and 10 broilers from each treatment
were selected at random and sacrificed for pathological
examination. Selected animals were weighed before being
sacrificed. A detailed necropsy was then conducted. The liver,
kidney, lung, brain, spleen and bursa of fabricius were
removed. Tissue samples from these organs were collected in
10% neutral buffered formalin. After fixation, samples were
dehydrated in alcohol, cleared in xylene and embedded in
paraffin wax. Sections were cut at 5 ìm and stained with
haematoxylin and eosin (Culling, 1974). Microscopically,
hepatocellular degeneration in livers showed changes as
follows; Slight mild hepatocellular swelling due to hydropic
degeneration and fatty changes only in centrilobular areas.
Moderate clear hepatocellular swelling in both centrilobular
and midzonal areas. Severe diffuse and severe hepatocellular
swelling, cytoplasm paleness and rupture.

RESULTS

Grossly, the livers from the 100 & 150 aflatoxin groups fed
birds showed mild to moderate enlargement, pallor, occasional
mottling and gall bladder distension respectively. Kidneys were
enlarged, pale or congested with a few petechiae.
Microscopically, the livers of the 100 & 150 aflatoxin groups
fed birds revealed vacuolar degeneration, fatty degeneration
(Fig. 3 b), lymphoid aggregation (Fig. 2 ) and degeneration of
the hepatocytes. The hepatocytes showing fatty changes
coalesced to form fatty cysts. The architecture of the liver was
completely altered and the regenerating hepatocytes were
arranged in acinar patterns (Fig. 3 a). The acinar hepatocytes
also showed fatty degeneration and fatty cysts in some areas.
Congestion, bile duct hyperplasia, focal infiltration of
heterophils and mononuclear cells, perivascular infiltration
of mononuclear cells and heterophils and fibrosis were also
noticed in the livers. Kidneys revealed congestion, focal
haemorrhages, increased glomerular cellularity (Fig. 1 a) and
vacuolar degeneration of tubular epithelium (Fig. 1 b) in all
toxin fed groups. In addition, occasional thickening of
basement membrane in the 150 ppb group aflatoxin fed birds.
Granular degeneration of sarcoplasm, necrosis and collection
of mononuclear cells in the heart and hyaline degeneration,
necrosis and mononuclear cell infiltration of the pectoral
muscle were also observed. The spleens showed lymphoid
depletion, an increase in the number of germinal centres and
reticulum cell hyperplasia in all toxin treated birds. The bursa
of the Fabricius of the 100 & 150 ppb aflatoxin groups fed
revealed a lack of cortico-medullary differentiation, generalized
lymphoid depletion and heterophilic infiltration. Mild to
marked congestion in lungs was seen from birds. There was
minimal vacuolation and congestion in the brain of birds
aflatoxin fed at 150 ppb.  The histopathological organs of
birds belonging to control group did not show any change
throughout the study period.

DISCUSSIONS

The gross and microscopic investigations in the previous

(b)

(a)

Figure 1: (a) Increase glomerular cellularity and (b) vacuolar
degeneration in tubules of kidney of aflatoxicated group (X400 H
and E)

Figure 2: Liver section showing focal lymphoid aggregation with
degenerative changes in aflatoxicated group (X100 H and F)

Figure 3: Liver section showing acinar pattern with mononuclear
cell infiltration and (b) fatty degeneration in hepatic parenchyma in
aflatoxcate group (X200 H and E)

(b)

(a)
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studies showed that aflatoxin affected the organs belonging to
the haemopoietic, immune and reticulo- endothelial systems
(Ortatatli and Oguz, 2001, Kumar and Chidambaram,  2009;
Khan et al., 2010; Agha et al., 2011 and Starling et al., 2012).
In this study, the detrimental effects of aflatoxin were
investigated in the point of pathological changes. Liver, kidney
and the immune system organs are considered to be target
organs for aflatoxin and these are primarily affected in
aflatoxicosis groups. The particular aim of this study was to
induce chronic aflatoxicosis in broilers during one broiler
production period (45 days) with lower aflatoxin levels (100
and 150 ppb), which may naturally occur under field
conditions. Many studies have been performed to observe
the toxic effects of aflatoxin on the target organs with higher
levels of aflatoxin (1-5 ppm). It is also important to determine
the minimal aflatoxin levels that affect broilers in terms of
histopathology. In this study, the toxic effects of aflatoxin on
liver, kidney and bursa of Fabricius have been clearly observed
by feeding 100 and 150 ppb aflatoxin fed for 45 days.
However, it cannot be concluded from the present
investigation that whether 100 ppb aflatoxin level causes
aflatoxicosis in broilers as no significant difference was
observed compared to the control group. This critical aflatoxin
level (150 ppb) has been supported by other studies that
reported the clinical, haematological, biochemical and
histopathological changes began at 150 ppb onwards in feed
in broilers (Giambrone et al., 1985; Marquez and Hernandez,
1995; Khajarern and Khajarern, 1999, Ortatatli et al., 2005 &
Sawarkar et al., 2011). The published report on performance
of the same broilers used in this study showed that 150 ppb
aflatoxin in feed significantly reduced the performance of
chicks (Ghosh et al., 1989; Bakshi et al., 1995; Oguz et al.,
2000 & Denli, M., 2009) in agreement with the pathological
results in the present study. However, the humoral immunity
of these chicks was affected in the lower AF dose (100 ppb) in
feed (Oguz et al., 2003, Ortatatli et al., 2005 & Bedre et al.,
2010). That no macroscopic changes were found even in
target organs in this study could be due to the lower levels of
aflatoxin used. However, even if mild, some histopathological
changes were seen in liver, kidneys and bursa Fabricius from
the chicks receiving the 150 ppb aflatoxin alone diet. The
moderate histopathological changes observed in this study
are in agreement with the results of previous studies performed
by various lower levels of aflatoxin (100 – 500 ppb) in broilers
(Giambrone et al., 1985; Balachandran, C. and R. Ramkrishnan
1987, Ghosh et al., 1989; Marquez and Hernandez, 1995
and Bedre et al., 2010), laying hens (Dafalla et al., 1987),
ducks (Sell et al., 1998; Khajarern and Khajarern, 1999), wild
turkeys (Quist et al., 2000). Previous studies have stated that
the periportal fibrosis and bile-duct hyperplasia findings, in
particular, may constitute chronic aflatoxicosis cases and
indicate the regenerative changes in the liver. (Espada et al.,
1992, Raja Kumar and Chidambaram Balachandran 2009,
and Bedre et al., 2010) have also reported that vacuolation of
liver cells and cellular depletion in the follicle medulla of the
bursa Fabricius appeared first and persisted during the recovery
phase in experimental aflatoxicosis. These findings support
our results, indicating that chronic aflatoxicosis can be
produced by feeding lower levels of aflatoxin (100 and 150
ppb) over a long-term period (45 day). These results clearly

demonstrated that slight to moderate histopathological lesions
were observed in broilers fed a diet containing 100 & 150
ppb aflatoxin toxicity respectively.

ACKNOWLEDGEMENTS

The authors thank Head of Department, Department of
Veterinary Pathology, for providing necessary facilities. First
author also thanks Associate Dean, COVAS, Parbhani for giving
opportunity for conduct of thesis work of his post graduate
programme.

REFERENCES

Agha W. Yunus., E. Razzazi-Fazeli, Josef Bohm 2011. Aflatoxin B1 in
Affecting Broiler’s Performance, Immunity, and Gastrointestinal Tract:
A Review of History and Contemporary Issues. Toxins. 2011(3): 566-
590.

Bakshi, C. S., Sikdar A. and Chattopadhyay, S. K. 1995. Experimental
aflatoxicosis in commercial broilers: Pathomorphological studies.
Indian J. Vet. Pathol. 19(2): 112-115.

Balachandran, C. and Ramkrishnan, R. 1987. An experimental study
on the pathology of aflatoxicosis in broiler chickens. Indian Vet. J.
64(11): 911-914.

Bedre D. K., Kulkarni, G. B., Gangane, G. R., Mote, C. S. and
Dhaygude, V. S. 2010. Efficacy of ‘Toxiroak’(herbal preparation) on
gross and histopathological observations in mycotoxicosis in broilers.
Indian J. Vet. Pathol. 34(2): 141-144.

Beg, M. U., Al-Mutairi, M.,  Beg, K. R., Al-Mazeedi, H. M., Ali, L. N.
and Saeed, T., 2006. Mycotoxins in poultry feed in Kuwait. Arch.
Environ. Contam. Toxicol. 50: 594-602.

Bintvihok, A., Kositcharoenkul, S. 2006. Effect of dietary calcium
propionate on performance, hepatic enzyme activities and aflatoxin
residues in broilers fed a diet containing low levels of aflatoxin B1.
Toxicon. 47: 41-46.

Culling, C. F. A. 1974. Hand book of histopathological & histochemical
techniques, 3rd Edn. Butterworth & Co. Ltd. pp. 29-221.

Dafalla, R., Yagi, A. I. and Adam, S. E. I. 1987. Experimental
aflatoxicosis in hybro-type chicks; sequential changes in growth and
serum constituents and histopathological changes. Veterinary and
Human Toxicology. 29: 222-225.

Denli, M., Blandon, J. C., Guynot, M. E.,  Salado, S. and Perez, J. F.
2009. Effects of dietary AflaDetox on performance, serum
biochemistry, histopathological changes, and aflatoxin residues in
broilers exposed to aflatoxin B1. Poultry Science. 88: 1444-1451.

DIAZ, D. E. (2005): The Mycotoxin Blue Book. Nottingham University
Press, Nottingham.

Espada, Y., Domingo, M., Gomez, J. and Calvo, M. A. 1992.
Pathological lesions following an experimental intoxication with
aflatoxin B1 in broiler chickens. Research in Veterinary Science. 53:
275-279.

Fink-Gremmels, J. 2008. The role of mycotoxins in the health and
performance of dairy cows. Vet. J. 176: 84-92.

Ghosh, R. C., Chauhan, H. V. S., Jha, G. J. and Singh, K. K. 1989.
Pathology of aflatoxicosis in chickens. Indian J.Vet.Path. 13: 14-18.

Giambrone, J. J., Diener, U. L., Davis, N. D., Panangala, V. S. and
Hoerr, F. J 1985. Effects of purified aflatoxin on broiler chickens.
Poult. Sci., 64: 852-858.

Guerre, P., Eeckhoutte, C., Larrieu, G., Burgat, V. and Galtier, P.
1996a. Dose-related effect of aflatoxin B1 on liver drug metabolizing
enzymes in rabbit. Toxicology. 108: 39-48.



1118

Guerre, P., Larrieu, G., Burgat, V. and Galtier, P. 1999. Cytochrome
P450 decreases are correlated to increased microsomal oxidative
damage in rabbit liver and primary cultures of rabbit hepatocytes
exposed to AFB1. Toxicol. Lett. 104: 117-125.

Guerre, P., Larroque, C., Pineau, T., Burgat, V. and Galtier, P. 1996b.
Reduced cytochrome P450 and increased heme oxygenase in liver
during rabbit aflatoxicosis. Life Sci. 58: 1883-1889.

Guerre, P., Pineau, T., Costet, P., Burgat, V. and Galtier, P. 2000.
Effects of AFB1 on CYP 1A1, 1A2 and 3A6 mRNA, and P450 expression
in primary culture of rabbit hepatocytes. Toxicol. Lett. 111: 243-251.

Khajarern, J., and Khajarern, S., 1999. Positive effects of Mycosorb
against aflatoxicosis in ducklings and broilers. In: Poster presentation
at Alltech_s 15th Annual Symposium on Biotechnology in the Feed
Industry, Lexington, KY.

Khan W. A., Khan, M. Z., Khan, A. and Hussain, I. 2010. Pathological
effects of aflatoxin and their amelioration by vitamin E in White Leghorn
layers. Pak. Vet. J. 30(3): 155-162.

Madrigal-Santillan, E., Alvarez-Gonzalez, I., Marquez-Marquez, R.,
Velazquez-Guadarrama, N. and Madrigal-Bujaidar, E. 2007. Inhibitory
effect of mannan on the toxicity produced in mice fed aflatoxin B1
contaminated corn. Arch. Environ. Contam. Toxicol. 53: 466-472.

Marquez, R. N. M. and Hernandez, T. R. 1995. Aflatoxin adsorbent
capacity of two Mexican aluminosilicates in experimentally
contaminated chick diet. Food Additives and Contaminants. 12: 431-
433.

Meissonnier, G. M., Laffitte, J., Loiseau, N., Benoit, E., Raymond, I.,
Pinton, P., Cossalter, A. M., Bertin, G., Oswald, I. P. and Galtier, P.
2007. Selective impairment of drug-metabolizing enzymes in pig liver
during subchronic dietary exposure to aflatoxin B1. Food Chem.
Toxicol. 45: 2145-2154.

Miller, D. M. and Wilson, D. M. 1994. Veterinary diseases related to
aflatoxins. In: Eaton, D. L., Groopman, J. D. (Eds.), The Toxicology of
Aflatoxins. Academic Press, Inc., New York, pp. 347-364.

Oguz, H., Hadimli, H. H., Kurtoglu, V. and Erganis, O. 2003.
Evaluation of humoral immunity of broilers during chronic aflatoxin
(50 and 100 ppb) and clinoptilolite exposure. Revue de Medicine
Veterinaire. 154: 483-486.

Oguz, H., Kurtoglu, V. and Coskun, B. 2000. Preventive efficacy of
clinoptilolite in broilers during chronic aflatoxin (50 and 100 ppb)
exposure. Research in Veterinary Science. 69: 197-201.

Ortatatli M., Oguz, H., Hatipoglu, F. and Karaman, M. 2005.
Evaluation of pathological changes in broilers during chronic aflatoxin
(50 and 100 ppb) and  clinoptilolite exposure. Research in Veterinary
Science. 78: 61-68.

Ortatatli, M. and Oguz, H. 2001. Ameliorative effects of dietary
clinoptilolite on pathological changes in broiler chickens during
aflatoxicosis. Research in Veterinary Science. 71: 59-66.

Ozen, H., Karaman, M., Cigremis¸, Y., Tuzcu, M., Ozcan, K. and
Erdag, D. 2009. Effectiveness of melatonin on aflatoxicosis in chicks.
Res. Vet. Sci. 86: 485-489.

Quist, C. F., Bounous, D. I., Kilburn, J. V., Nettles, V. F. and Wyatt,
R. D. 2000. The effect of dietary aflatoxin on wild turkey poults.
Journal of Wildlife Disease. 36: 236-444.

Kumar, R. and Chidambaram, B. 2009. Histopathological changes in
broiler chickens fed aflatoxin and cyclopiazonic acid. Veterinarski
Arhiv. 79(1): 31-40.

Rawal, S., Kim, J. E. and Coulombe Jr. R. 2010. Aflatoxin B1 in
poultry toxicology, metabolism and prevention. Res. Vet. Sci. 89:
325-331.

Richard, J. L. 2007. Some major mycotoxins and their mycotoxicoses—
an overview. Int. J. Food Microbiol. 119: 3-10.

Sawarkar, A. R., Sonkusale, P. M., Kurkure, N. V., Jangade, C. R.,
Maini S. and Ravikanth K. 2011. Experimental afla & ochratoxin
induced mixed mycotoxicosis in broiler and its amelioration with
herbomineral toxin binder toxiroak gold. International Journal of
Poultry Science. 10(7): 560-566.

Sell, S., Xu, K. L., Huff, W. E., Kubena, L. F., Harvey, R. B., Dunsford
and H. A. 1998. Aflatoxin exposure produces serum a fetoprotein
elevations and marked oval cell proliferation in young male Pekin
ducklings. Pathology. 30: 34-39.

Shah, H. U., Simpson, T. J., Alam, S., Khattak, K. F. and Perveen, S.,
2010. Mould incidence and mycotoxin contamination in maize kernels
from Swat Valley, North West Frontier Province of Pakistan. Food
Chem. Toxicol. 48: 1111-1116.

Shotwell, O. L., Hesseltine, C. V., Stubblefield, R. D. and Sorenson,
W. G. 1966. Production of aflatoxin on rice. Applied Microbiology.
14: 425-429.

Sirajudeen, M., Gopi, K., Tyagi, J. S., Moudgal, R. P., Mohan, J. and
Singh, R. 2011. Protective effects of melatonin in reduction of oxidative
damage and immunosuppression induced by aflatoxin B1-
contaminated diets in young chicks. Environ. Toxicol. 26: 153-160.

Snedecor, G. M. amd Cochran, W. C. 1967. Statistical methods (6th

Edn.) published by oxford & IBN publishing Co., Kalkatta-16.

Starling, K., Aggarwal, A., Srinivasa Rao, G. and Malik, J. K. 2012.
Effects of aflatoxin B1 on tissue residues of enrofloxacin and its
metabolite ciprofloxacin in broiler chickens. Environmental toxicology
and pharmacology. 33: 121-126.

RATHOD PRAVIN RAMDAS et al.,


