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Introduction

Aflatoxins are secondary toxic fungal metabolites 
designated as mycotoxins and produced by toxigenic 

strains of Aspergillus fumigatus and A. parasiticus. 
They are toxic to a wide variety of animals [1-3]. Rab-
bits are one of the most sensitive animals for AF [2, 4]. 
Many studies related to natural [5] or experimentally [4, 
6-8] induced aflatoxicosis in rabbits have been reported. 
Signs of the aflatoxicosis in rabbits include dullness, de-*e-mail: yucelcam@erciyes.edu.tr
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Abstract

The aim of this study was to determine the clinical, hematological, biochemical and pathological 
findings, and to evaluate the efficiency of n-acetylcysteine (NAC) in experimentally induced afla-
toxicosis in rabbits. Our study divided 42 rabbits into 6 groups. The groups received the following 
treatment: Group 1: control group without treatment, Group 2: aflatoxin (AF) (0.4 mg/kg body weight 
(bw)), Group 3: AF (0.4 mg/kg bw) plus NAC (250 mg/kg bw), Group 4: AF (0.4 mg/kg bw) plus NAC 
(500 mg/kg bw), Group 5: NAC (250 mg/kg bw), Group 6: NAC (500 mg/kg bw). N-acetylcysteine 
was administered intramuscularly on day 1 following the administration of AF for 5 days. At the begin-
ning of the study and on days 1, 4 and 7 following the administration of AF, blood samples were col-
lected for haematological and biochemical analysis. Necropsy and histopathological examination were 
performed. Clinical signs were observed starting from day 1 following the administration of AF. The 
signs of toxicosis included decreased feed and water consumption, dullness, dehydration, emaciation 
and convulsion. Four rabbits died in Group 2 and 2 rabbits died in Groups 3 and 4 treated with NAC. 
During the study, white blood cell (WBC) counts, mean platelet volume (MPV), mean corpuscular 
volume (MCV) and red blood cell distribution width (RDW) values, serum urea levels and aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and gamma glu-
tamyl transpeptidase (GGT) activities increased whereas red blood cell (RBC) and platelet counts, 
hemoglobin (Hgb) and hematocrit (Hct) values, total protein, total cholesterol, triglyceride and glucose 
levels decreased for Group 2 given only AF compared with controls. These parameters approximated 
to control levels for Groups 3 and 4 after the treatment with NAC. Histopathological examination 
showed that the main affected organ was liver. Lipid degeneration, destruction and fibrosis in the liver 
were detected for Group 2. Histopathological changes in the liver were observed to be less severe for 
Groups 3 and 4. The study demonstrated that administration of NAC might be useful for the treatment 
of aflatoxicosis in rabbits.
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creased feed and water consumption, weight loss, de-
hydration, lethargy, emaciation, icterus ve finally death 
[5, 6]. It is apparent from experiments carried out on 
animals and from clinical observations of people that 
short-term exposure to large amounts of AF leads to tox-
icity, which may be lethal. Ingestion of feedstuffs con-
taminated with aflatoxins has resulted in hepatobiliary 
lesions and deaths in many species of animals [9-13]. 
Therefore, intensive research has been continued out to 
find cost-effective and safe procedures and agents that 
reduce the deleterious effects of AFs [14-19]. Although 
many agents have been used for the treatment of afla-
toxicosis, the desired effect has not been fully achieved 
[4, 6, 8, 11, 20]. N-acetylcysteine is already commer-
cially available for use in humans in several countries 
and has been used safely in daily doses as high as 500 
mg/kg. The drug has been administered as a mucolytic 
drug in a variety of respiratory illnesses. It also appears 
to have beneficial effects in conditions such as toxic 
agents, neoplasia, heart disease and atmospheric pol-
lutants [21, 22]. In addition, Valdivia et al. [23] have 
reported that NAC have a preventive effect against afla-
toxin B1 intoxication in broiler chickens. Therefore, we 
believe that n-acetylcysteine is a beneficial and easily 
available drug that may be used in the treatment of afla-
toxicosis cases in rabbits.

The aim of this study was to determine the clinical, he-
matological, biochemical and pathologic findings, and to 
evaluate the efficiency of NAC in experimentally induced 
aflatoxicosis in rabbits.

Materials and Methods

Animals

In this study, 42 New Zealand rabbits, healthy, aged 
between 6 and 8 weeks, weighing between 1 and 1.5 kg 
were used. The rabbits were housed individually in wire 
cages and fed with commercial pellet food, and the water 
was supplied ad libitum. The animals were divided into 6 
groups, each including 7 rabbits. Group 1 was designed 
as the control group. Rabbits in the Group 2, 3 and 4 
were given AF at a dose of 0.4 mg/kg bw in dimethylsul-
phoxide (DMSO), whereas rabbits in the Group 1, 5 and 
6 were given the same dose of DMSO free from AF by 
a catheter directly into their stomachs. At the same time 
on day 1 following the administration of AF, NAC was 
administered intramuscularly (IM) for 5 days at a dose of 
250 mg/kg bw for Groups 3 and 5 and at a dose of 500 
mg/kg bw for Groups 4 and 6. The purified AF was dis-
solved in DMSO. At the beginning of the study (period 
I) and on days 1 (period II), 4 (period III) and 7 (period 
IV) following the administration of AF, blood samples 
were collected from each rabbit into tubes with ethylene-
diaminetetraacetic acid for hematological examination 
and into tubes with coagulant free for serum biochemical 
analysis.

This study was approved by the Ethics Committee of 
University of Erciyes, Faculty of Veterinary Medicine, 
Approval number 2002-10.

Aflatoxin Production

Aflatoxin used in this study was produced in accor-
dance with the method reported by Demet et al. (24) based 
on the technique reported by Shotwell et al (25). Their 
rates were determined according to the method reported 
by Nabney and Nesbit (26) as 78.80%, 10.80%, 6.80% 
and 3.70% for aflatoxin B1, B2, G1 and G2, respectively. 
The analysis of total AF (B1+B2+G1+G2) purified from 
rice starch was performed using a Ridascreen® label kit 
and ELISA reader.

Haematological and Biochemical Measurements

The determination of WBC, RBC and platelet counts 
and measurement of Hgb, Hct, MCV, mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), RDW and MPV values were per-
formed using an automated haematology cell counter (Vet 
Medonic CA 530, Stockholm, Sweden). Sera was separat-
ed by centrifugation at 3000 rpm for 10 min after 1 hour 
incubation at room temperature and stored at –20°C until 
analysis. Serum AST, ALT, ALP and GGT activities, urea, 
glucose (Biolabo, France), total protein, creatinine (Che-
ma, Italy), total cholesterol and triglyceride (Biosystems, 
Spain) levels were determined with commercial kits using 
a Shimadzu-UV 1208 model spectrophotometer.

Necropsy Examination

Necropsies and histopathological examination were 
performed on the animals that died throughout the study 
and survived until the end of the study. Rabbits were hu-
manely euthanized after anaesthesia with xylazine (10 
mg/kg) (Rompun, Bayer) and ketamine (35 mg/kg) (Keta-
lar, Parke-Davis). Tissue samples were taken from the 
liver, kidneys, lungs and brain and fixed in 10% buffered 
formalin, and embedded in paraffin, sectioned (5-6μm), 
mounted on glass slides. The sections were stained with 
hematoxylene and eosine (HE), and examined using a 
light microscope.

Statistical Analysis

Statistical analyses of data were carried out using 
SPSS 10.0 version for Windows. One-way analysis of 
variance (ANOVA) was used to determine the differences 
between the groups. When the F value was significant, 
Duncan’s Multiple Range Test performed. All data were 
expressed as means ± SEM.
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Results

Clinical Findings

Clinical signs were observed starting from day 1 fol-
lowing the administration of AF. Clinical signs included 
decreased feed and water consumption, dullness, dehy-
dration, emaciation and convulsion. In Group 2, 1, 2 and 
1 rabbits died on days 2, 3 and 5 following the adminis-
tration of AF, respectively. One rabbit died on day 3 and 
5 following the administration of AF from Group 3 and 
on day 2 and 6 following the administration of AF from 
Group 4. During the treatment, feed, water consumption 
and general condition of the rabbits in Groups 3 and 4 
improved.

Haematological and Biochemical Parameters

On day 1 following AF administration, an increase 
in WBC counts, MPV values and serum ALT, ALP, and 
GGT activities (p<0.05) and a decrease in RBC and plate-
let counts, hct and hgb values, serum AST activity, total 
protein, glucose and triglyceride levels (p<0.05) were de-
termined for Groups 2, 3 and 4 compared to Group 1. The 
increase in the serum urea level was significant (p<0.05) 
for Groups 3 and 4. For the rabbits in Group 2, apart from 
an insignificant increase in the RDW value, a significant 
increase in serum AST activity (p<0.05) and a decrease 
in the total cholesterol level (p<0.05) on days 4 and 7 
following the administration of AF and a significant in-
crease in the MCV value (p<0.05) on day 7 following the 
administration of AF, alterations mentioned in the above 
parameters were also determined on days 4 and 7 of the 
study (Tables 1-3).

On day 4 following the administration of AF, an in-
crease in WBC counts, serum AST, ALT, ALP and GGT 
activities (p<0.05) for Groups 3 and 4 and increase in RDW 
values (p<0.05) in Group 4 were determined compared to 
Group 1. While there was a significant decrease in RBC 
and platelet counts, hgb and hct values and serum total 
protein, glucose and triglyceride levels for both groups 
(p<0.05), the decrease in the serum total cholesterol level 
was determined to be significant for Group 3 (p<0.05). 
There was a slight decrease in WBC counts, MPV values 
and serum GGT activity whereas a slight increase in RBC 
and platelet counts, hct and hgb values and serum total 
protein, glucose, triglyceride and total cholesterol levels 
for Groups 3 and 4 compared to Group 2. While the de-
crease in serum ALT activity was significant for Groups 
3 and 4 (p<0.05), the serum AST activity for Group 3 and 
ALP activity for Group 4 decreased significantly (p<0.05) 
(Table 1-3).

At the end of the study, WBC, RBC and platelet counts, 
Hct, Hgb, RDW and MPV values recorded for Groups 3 
and 4 were determined to approximate those of Group 1. 
Serum AST, GGT and ALP activities in both groups, urea 
level for Group 3 and ALT activity for Group 4 were found 

to be higher compared to Group 1 (p<0.05). On the other 
hand, a decrease in serum total protein, glucose, triglycer-
ide and total cholesterol levels (p<0.05) were determined 
for both groups. However, when these groups were com-
pared to Group 2, a decrease in serum AST, ALP and GGT 
activities (p<0.05), an increase in total protein, glucose and 
triglyceride levels (p<0.05) and an insignificant increase in 
total cholesterol level were found (Tables 1-3).

Necropsy Findings

In the rabbits that died throughout the study and sur-
vived in Group 2 at the end of this study, the livers were 
observed to be congested and slightly yellowish in colour. 
Microscopical examination revealed dissociation in the 
remark cords of the liver. Healthy hepatocytes were pres-
ent in only a few restricted areas. Sharp edged, round 
shaped lipid vacuoles at different sizes were found to be 
widespread in hepatocytes of the liver. In many areas, 
these lipid vacuoles were observed to unite and the liver 
tissue to gain an appearance similar to a honeycomb. Fur-
thermore, paranchymal degeneration leading to necrosis 
was detected in hepatocytes. An increase in fibrous tissue 
was determined between lobes and more evident in por-
tal interspace. Lymphoid cell infiltration was observed in 
these regions. Hyperplasia was detected in the bile duct 
epitelium (Fig. 1. A, B). Sharp edged and round shaped 
lipid vacuoles in different sizes in some of the hepatocytes 
located in the acini were observed in survived rabbits in 
the Group 3 at the end of the study. Slight fibrosis and 
lymphoid cell infiltration was detected in portal interspace 
and interlobar areas (Fig. 2. A, B). Focally paranchymal 
degeneration was observed in some hepatocytes. Similar 
findings also were observed in Group 4 (Fig. 3. A, B). No 
macroscopical or microscopical finding was determined 
in rabbits in Groups 1, 5 and 6.

Discussion

N-acetylcysteine has been used safely in humans and 
other mammals [21, 22]. According to the results of the 
present study, administration of NAC at doses of 250 and 
500 mg/kg bw for 5 days did not cause any haematologi-
cal, biochemical or histopathological side effect in rabbits, 
which in turn supported the opinion that this compound 
might be used safely. Similar to the reports of various re-
searchers [5, 6, 10, 12, 27], our study also revealed the 
decrease in feed and water consumption, dullness, dehy-
dration, emaciation, convulsions and death in AF-dosed 
rabbits. Improvement in feed and water consumption 
rates and the general health condition of the animals dur-
ing the treatment period with NAC might be considered 
indicators of the beneficial effects of NAC.

Valdivia et al. [23] have reported that NAC provided 
protection against negative effects on performance, liver 
and renal damage, and biochemical alterations induced by 
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AFB1 in broiler chickens. Our group reported earlier, as a 
part of this study [28], that AF caused oxidative damage 
and NAC was effective partly in the prevention of this 
damage.

The increase in WBC counts [29, 30], and the de-
crease in platelet [30] and RBC counts, hgb and hct val-
ues [11, 14, 31, 32] was also determined in this study. 
Furthermore, this study revealed a significant increase 
in MPV and MCV values on day 7 in the rabbits given 
only AF. The exact mechanism causing a decrease in RBC 
and platelet counts, hgb and hct values and increasing in 
MCV and MPV values are not clearly understood. These 
effects might result from the inhibition of haematopoiesis, 
defective haematopoiesis, increased rate of destruction of 
RBC or a combination of all three [31]. In vitro studies 
have shown that an enhanced rate of AF-induced morpho-
logical alterations and haemolysis upon the treatment of 
a saline suspension of RBC with AF [33]. The variabili-
ties of parameters determined in this study might be an 
indicator of the depressing effect of AF on haemopoetic 
tissue. The increase in WBC counts was attributed to the Ta
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Fig. 1. Group 2 (only given aflatoxin). (A) Increase in fibrous tissue 
and lymphoid cell infiltrations in the portal interspace (arrows), dif-
fuse distribution of lipid vacuoles in liver hepatocytes. HxE, x100. 
(B) Hyperplasia of the bile duct epithelium (thin arrows), increase 
in fibrous tissue and lymphoid cell infiltration in the portal inter-
space (bold arrows), lipid vacuoles in hepatocytes. HxE, x200.
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severity of aflatoxicosis. On the other hand, the tendency 
in favour of the approximation of WBC, RBC and platelet 
counts, hct, hgb, MCV and MPV values of Groups 3 and 
4 treated with NAC to those of the control group might be 
attributed to the reduction of the negative effects of AF on 
haemopoetic tissue resulting from treatment.

Increased serum AST and ALT activities due to hepa-
tocellular destruction and serum ALP and GGT activities 
due to cholestasis are frequently observed in aflatoxicosis 
in rabbits [4, 8, 14]. The changes in the activities of the 
above-mentioned enzymes were found to be less severe in 
the groups treated with NAC compared to the Group 2 giv-
en only AF. The histopathological findings supported the 
view that liver damage was less severe in the groups treated 
with NAC. According to the results of this study, NAC was 
considered to reduce the severity of hepatic destruction. 

Variations in the effect of AFB1 on transaminase activity 
might be related to differences in gender and lines of the 
animals [34]. In this study, the decrease of AST activity was 
observed in AF-given groups on day 1. The histopathologi-
cal changes observed in the rabbits given AF were also in 
accordance with previous reports [5, 8, 27, 35, 36].

It has been reported that serum total protein level may 
decrease due to impairment of protein synthesis arising 
from the inhibitory effect of AFs on DNA and RNA syn-
thesis [3, 15, 37, 38]. In this study, a decrease in serum 
total protein level might be considered resulting from 
impairment of protein synthesis due to similar effects of 
AF. It is possible that the decrease in serum glucose level 
might be related to the severity of hepatic damage and 
the increase in urea level might be attributed to dehydra-
tion. According to histopathological examination, these 

    

Fig. 2. Group 3 (given aflatoxin + 250 mg/kg NAC). (A) Lipid vacuoles in some of the hepatocytes. H x E, x200. (B) Slight fibrosis and 
restricted lymphoid cell infiltration in the portal interspace and lipid vacuoles in some of the hepatocytes. H x E, x100.

    

Fig. 3. Group 4 (given aflatoxin + 500 mg/kg NAC). (A) Lipid vacuoles in some of the hepatocytes in the acini and a few number of 
lymphocytes in the sinusoids. H x E, x100. (B) Slight fibrosis and restricted lymphoid cell infiltration in the portal interspace, lipid 
vacuoles in some of the hepatocytes. H x E, x200.
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changes were found to be less severe in treated groups 
compared to Group 2 administered only AF. This was at-
tributed to the reduction of hepatic destruction resulting 
from administration of the drug.

In aflatoxicosis cases some researchers [38] have re-
ported a decrease while some [4, 7, 14] detected an in-
crease in serum total cholesterol and triglyceride levels. 
Since these changes may be affected by factors including 
individual sensitivity, breed, age, sex, species and nutri-
tion, they are also considered to related to the dose of AF 
administered to animals [38]. While an increase in serum 
total cholesterol and triglyceride levels was determined in 
animals administered low dose of AF [4, 14], a decrease 
in the mentioned parameters was found in animals ad-
ministered high doses of AF [38]. In this study, animals 
administered AF at the dose of 0.4 mg/kg bw reported as 
LD50 for rabbits [6] displayed a decrease in serum total 
cholesterol and triglyceride levels. The effects of AF on 
serum cholesterol and triglyceride levels suggest that lipid 
metabolism and transport were disrupted due to hepatic 
damage induced by AF [38, 39]. Changes in serum total 
cholesterol and triglyceride levels were found to be less 
severe for the animals in Group 3 and 4 given AF and 
treated with NAC ompared to Group 2 and this was attrib-
uted to the effect of NAC which might lead to a reduction 
in the severity of lipid degeneration in the liver.

Conclusions

The results of the present study indicate that changes 
were determined in clinical, some haematological and 
biochemical parameters in experimentally induced afla-
toxicosis in rabbits. Liver was the most affected organ ac-
cording to histopathological findings. It might be said that 
administrations of NAC at doses of 250 and 500 mg/kg 
bw for 5 days to rabbits with aflatoxicosis partly reduced 
the toxic effects of AF and both doses of NAC exhibited 
similar effects.
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