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Abstract  
Background:  Fungicides are widely used for keeping of  

consumed vegetables and fruits fresh for long period in  
supermarkets. The tested fungicide Bromuconazole in our  
study is a triazole fungicide used primarily in enclosed com-
mercial greenhouses to control diseases as (black spot) in  
bananas, cereals, grapes, rice and vegetables.  

Objective:  The present study aimed to evaluate toxicolog-
ical effects and histopathological changes following chronic  
administration of Bromuconazole fungicide in male rats.  

Materials and Methods:  The animals were divided into  
three groups; each consisting of 10 animals. The first group  
was served as control. The second and third groups were given  

Bromuconazole at daily doses of 36.5 and 18.25mg/kg b.wt.  

for 3 months, respectively. The selected dosages for the second  

and third groups were corresponding to 1/10 and 1/20 LD 50 ,  
respectively.  

Results:  A significant increase in the hepatic and renal  

tissue malondialdehyde (MDA), serum activities of alanine  

aminotransferase (ALT), aspartate aminotransferase (AST),  

y-glutamyl transpeptidase (GGT), acid phosphatase and serum  

levels of alpha fetoprotein (AFP), urea and creatinine. De-
creases in serum alkaline phosphatase activity, reduced glu-
tathione (GSH) content in the liver and kidney and the hepatic  

antioxidant enzymes [superoxide dismutase (SOD), catalase  
(CAT), glutathione peroxidase (GSH-px) and glutathione  
reductase (GSH-R)] activities were also recorded. Moreover,  

exposure to Bromuconazole caused severe necrobiotic and  

proliferative changes in most of the investigated organs.  

Conclusion:  Our results indicated that Bromuconazole  

treatment induced a dose-dependent histopathological alter-
ations and cellular proliferation in the investigated organs  

with subsequent significant disturbances in their antioxidant  
defense mechanisms and serum biochemical parameters.  
Moreover, the serum level of alpha fetoprotein was increased  
suggesting a carcinogenic potential of this fungicide on  
prolonged exposure.  
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Introduction  

FUNGICIDES  are pesticides that specifically  
inhibit or kill fungi underlying diseases important  
to man. Understanding mechanisms of fungicide  

action and toxicity is important because humans  
encounter these pesticides through a wide variety  

of applications [1] .  

Nowadays, fungicides are widely used for keep-
ing of consumed vegetables and fruits fresh for  

long period in supermarkets. Moreover, Triazole  
fungicides are economically important agricultural  
chemicals as they are widely used on crops such  
as wheat, barley, and orchard fruits [2,3] .  

Bromuconazole belongs to the group of triazole  
fungicides. It is used as a broad-spectrum fungicide,  
with preventative and curative action, for control  

of diseases caused by ascomycetes, basidiomycetes,  

and deuteromycetes [4] .  

Most of triazole fungicides had been recorded  

as hepatotoxic agents in experimental animals  
because trans-Bromuconazole is a chiral chemical  

representative of a class of triazole derivatives  

known to inhibit specific fungal cytochrome P-
450 (CYP) reactions [5-9] .  

Moreover, some of them have been associated  
with increased incidences of liver adenomas in  

mice [10] ; hydronephrosis and urothelial hyperplasia  
in renal pelvis and urinary bladder in rats, mice  
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and dogs [11]  and hyperplasia of thyroid follicular  
epithelial cells in rats [12] .  

Bromuconazole is rapidly absorbed and almost  

completely eliminated in the rat. It is widely dis-
tributed in tissues, mainly in liver and kidney, fat,  

ovaries and uterus tissue. Bromuconazole is exten-
sively metabolised, through oxidation and ring-
opening of the tetrahydrofurane moiety, followed  

by a glucuronide-conjugation or by the formation  

of a sulphate ester and hydroxylation of the phenyl  

ring [13] . Its recorded toxicity data include the  
acute oral LD 50  in rats (365mg/kg) with only few  
records showing that Bromuconazole exposure of  

rats produced several lesions in all parenchymatous  

organs including hepatoma with a subsequent  
increase in liver weight [14] .  

These toxicity evaluations have been performed  

only within regulatory submission requirements  
[14] . Comprehensive data assessing its biological  
effects has been very limited. Moreover, data  
addressing its possible adverse effects on prolonged  

exposure are almost completely lacking. Therefore,  

the present study aimed to evaluate toxicological  

effects and histopathological changes following  
chronic administration of Bromuconazole fungicide  

in male rats.  

Material and Methods  

Chemicals:  
Bromuconazole, 1-[[4-bromo-2-(2, 4 – dichlo-

rophenyl) tetrahydro-2-furanyl] methyl]-1H-1, 2,  
4-=triazole. CAS-RN/116255-48-2. Developmental  

code LS 860263 is the most commonly used triazole  

fungicide in Arab Gulf. The commercial formula-
tion contains 100g/L Bromuconazole [13]  was used  
in this study. Thiobarbituric acid, reduced and  
oxidized glutathione, glutathione reductase, epi-
nephrine, MDA-bis (dimethylacetate), glacial met-
aphosphoric acid, and 5, 5-dithiobis (2-nitrobenzoic  

acid) were purchased from Sigma Chemical Co.  
(St. Louis, MO).  

Animals:  

Thirty adult male rats (190-200g) were used in  
this study. All animals were kept for 2 weeks under  

our laboratory conditions and fed with pelleted  
food and tap water.  

Experimental design:  
The animals were divided into three groups;  

each consisting of 10 animals. The first group was  

kept without any treatment and served as control.  

The second and third groups were given Bromu- 

conazole at daily doses of 36.5 and 18.25mg/kg  

b.wt. for 3 months, respectively. The selected  

dosages for the second and third groups were  
corresponding to 1/10 and 1/20 LD 50, respectively  
[13] .  

After the end of exposure period, all of exper-
imental and control groups were sacrificed 24 hrs  

after the last dose by decapitation under ether  

anesthesia and blood samples were collected for  

measurement of serum biochemical parameters.  

Liver and kidney tissue samples were immediately  
frozen and stored at –40ºC for malondialdehyde  

(MDA), reduced glutathione (GSH) and antioxidant  

enzyme assays. Tissue specimens from different  
organs were collected and kept in 10% formalin  

for the histopathological examination.  

Measurement of hepatic and renal lipid peroxida-
tion level:  

The lipid peroxidation level in liver and kidney  
was estimated by the thiobarbituric acid “TBA”  
method was measured spectrophotometrically at  
absorbance of 532nm. A standard curve was pre-
pared using known concentrations of MDA and  

data were expressed as nanomol MDA per mg  

protein [15] .  

Measurement of hepatic tissue glutathione level:  

Reduced glutathione (GSH) was measured in  

liver according to Chanarin [16] .  

Measurement of Serum biochemical parameters:  

Blood samples were centrifuged at 4000 rpm  
for 15min to separate serum. The serum level of  
alpha fetoprotein was determined using the micro-
particle enzyme immunoassay (MEIA) according  
to Abelev [17] . Commercially accessible test kits  
were used for estimation of serum activities of  

ALT, AST [18] , y-glutamyl transpeptidase (GGT)  

[19] , alkaline phosphatase [20] , acid phosphatase  
[21] , blood urea [22]  and creatinine [23] .  

Histopathological examination:  

Tissue specimens from liver, kidney, urinary  

bladder; testis, thyroid gland and pancreas of treated  

and control rats were fixed in 10% neutral buffered  

formalin solution. The fixed specimens were  

trimmed, washed and dehydrated in ascending  

grades of alcohol, cleaned in xylene, embedded in  

paraffin then sectioned (4-6 micron) and stained  

with hematoxyline and eosin according to Bancroft  
& Cook [24] .  
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Statistics:  

Statistical comparison of the results of control  
and treated groups was carried out by one-way  

analysis of variance (ANOVA) test according to  

Snedecor and Cochran [25] .  

Results  

Effects on hepatic and renal tissue lipid peroxida-
tion and Glutathione levels:  

The effects of Bromuconazole on malondialde-
hyde (MDA) and reduced glutathione (GSH) level  

in liver and kidneys of rats are presented in Table  

(1) which revealed significant increase of MDA  

level and reduced GSH concentration in exposed  

animals.  

Effects on hepatic antioxidant enzyme activities:  

The activities of superoxide dismutase (SOD),  

catalase (CAT), glutathione peroxidase (GSH-px)  

and glutathione reductase (GSH-R) were signifi-
cantly inhibited by Bromuconazole administration  
(Table 2).  

The serum level of alpha fetoprotein (AFP) and  
activities of alanine aminotransferase (ALT), as-
partate aminotransferase (AST), γ -glutamyl  
transpeptidase (GGT), alkaline and acid phos-
phatases and blood urea and creatinine are presented  

in Tables (3,4). Bromuconazole administration  

showed significantly increase of their values except  
that of alkaline phosphatase activity which was  

significantly decreased.  

Table (1): Changes in the levels of MDA and GSH in livers and kidneys of rats treated orally with Bromuconazole fungicide  

for 3 months.  

Organ  Liver  Kidney  

Groups Parameters  
MDA  

(nmol/mg protein)  
GSH  

(nmol/mg protein)  
MDA  

(nmol/mg protein)  
GSH  

(nmol/mg protein)  

Control  
(18.25 mg/kg b.wt.)  
(36.50 mg/kg b.wt.)  

0.85±0.06  
1.77±0.08a  
3.67±0.18ab  

121.63± 10.16  
96.66±9.68a  
74.44±6.46ab  

0.82±0.07  
1.35±0.08a  
2.90±0.19ab  

32.73±3.26  
22.75±2.28 a  
14.77± 1.56ab  

The values are presented as mean ±  S.E.  
(a): Significant difference between treated and control groups at p<0.05.  
(b): Significant difference between the two treated groups at p<0.05.  

Table (2): Changes in the activities of the antioxidant enzyme  s in the liver of rats 
 

treated orally with 
 

fungicide for 3 months.  

Groups Parameters  
SOD  

(U/mg protein)  
CAT  

(U/mg protein)  
GSH-Px  

(mU/mg protein)  
GSH-R  

(mU/mg protein)  

Control  
(18.25 mg/kg b.wt.)  
(36.50 mg/kg b.wt.)  

102.55±7.68  
81.60±8.67a  
52.45±5.66ab  

11. 53 ±0.95  
8.55±0.80a  
6.65±0.70ab  

162. 70± 12.65  
130. 67± 10.50a  
43. 90±5.50ab  

110.25±8.95  
106.45±9.40  
38.78±4.83 ab  

The values are presented as mean ±  S.E.  
(a): Significant difference between treated and control groups at p<0.05.  
(b): Significant difference between the two treated groups at p<0.05.  

Table (3): Changes in the serum biochemical parameters of rats treated orally with fungicide 
 

for 3 months.  

Groups Parameters  
AFP  

(ng/ml)  
ALT  

(IU/L)  
AST  

(IU/L)  
GGT  
(U/L)  

Alkaline  
phosphatase*  

Acid  
phosphatase*  

Control  
(18.25 mg/kg b.wt.)  
(36.50 mg/kg b.wt.)  

1.25±0.08  
9.26± 1.30a  
12.85±2.64ab  

38.80±2.15  
49.30±4.55 a  
78.65±6.65ab  

78.12±5.60  
80.60±6.90  
98.85±7.23 ab  

18.80± 1.60  
32.65±2.95 a  
45.35±3.55ab  

85.78±7.18  
78.35±6.80  
44.55±5.65ab  

34.26±3.50  
49.33±4.60a  
75.73±6.70ab  

*The levels of alkaline and acid phosphatases were presented as king Armstrong Units (KAU/ L).  
The values are presented as mean ±  S.E.  
(a): Significant difference between treated and control groups at p<0.05.  
(b): Significant difference between the two treated groups at p<0.05.  

Table (4): Changes in blood urea and creatinine levels of rats treated orally with Bromuconazole fungicide for 3 months.  

Groups Parameters  Urea (mg/100ml)  Creatinine (mg/100 ml)  

Control  7.10±0.65  0.79±0.06  
(18.25 mg/kg b.wt.)  12.60±0.95a  0.84±0.08  
(36.50 mg/kg b.wt.)  19.48± 1.58ab  1.36±0.09ab  

The values are presented as mean ±  S.E.  
(a): Significant difference between treated and control groups at p<0.05.  
(b): Significant difference between the two treated groups at p<0.05.  
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Effects on the histological structures of the inves-
tigated organs:  

Liver:  
Liver of rats exposed to low dose (1/20 LD 50)  

revealed thick, dull and opaque capsule. Hepatome-
galy with grayish white foci scattered all over the  

hepatic surface was also observed.  

Histologically, the hepatic capsule showed  
oedema of its wall and infiltrated with numerous  
numbers of eosinophils and lymphocytes. Vacuolar  
degeneration and coagulative necrosis of subcap-
sular hepatocytes was also seen (Fig. 1). Dysplasia  

of hepatocytes was recoded in three of examined  

rats.  

Cytological changes revealed deeply basophilic  
cytoplasm with enlargement of nuclei. Some hepa-
tocytes showed Mallory's like bodyintracytoplas-
mic acidophilic hyaline inclusions (Fig. 2).  

Liver of rats exposed to high dose (1/10 LD 50)  
revealed gray to brownish colored mass of 1-3cm  

in diameter with areas of necrosis and hemorrhages.  
This mass was distributed in a focal manner in all  
hepatic lobules.  

Histologically, disorganization of hepatic cords  

with dilatation of hepatic sinusoids was seen. Some  

lesions showed complete absence of hepatic sinu-
soids as well as central veins. The area of hepatoma  

showed apoptosis of hepatocytes with hemorrhages  

(Fig. 3).  

Cytological changes, the hepatocytes showed  
deeply basophilic cytoplasm with condensation of  

nuclear chromatin. Binucleated cells, mitotic figures  

polymorphism of hepatocytes were noticed (Fig.  
4).  

Thyroid gland:  
Thyroid gland of rats exposed to low dose (1/20  

LD50) showed mild enlargement in comparison  
with control group.  

Histologically, the acini were lined by simple  
cuboidal epithelial cells with papillary infolding.  
The acini were also distended with deeply eosino-
philic colloid with peripheral vacuolation of the  
colloid indicated resorption (Fig. 5).  

On the other side thyroid gland of rats exposed  

to high dose (1/10 LD 50) showed large adenoma-
tous lesions surrounded by fibrous connective  

tissue capsule.  

Histologically, showed follicular pattern char-
acterized by densely packed follicles of varying  

size lined by single layer of epithelium. Some  

follicles appeared smaller than normal (micro-
follicles) and contained scanty amount of colloid.  
On the other hand, large follicles with irregular  

shape (macro-follicles) were also seen and lined  
by squamous flattened epithelial cells (Fig. 6,a).  

Some cases showed adenomatous structure with  
papillary pattern, characterized by follicles of  
varied size with complex branching papillary struc-
tures protruding into follicular lumens. The colloid  

in this type of adenoma appeared more basophilic  

than normal (Fig. 6,b).  

Pancreas:  

Pancreatic parenchyma of rats exposed to low  

dose (1/20 LD 50) showed atrophy of acini with  
prominent interlobular duct. The Langerhan's islet  

cells appeared similar to control group (Fig. 7).  

The islets of Langerhan's of rats exposed to  

high dose (1/10 LD 50) revealed atrophy in com-
parison with the low dose group. The interlobular  

duct was prominent and contained eosinophilic  

materials. Pancreatic blood vessels revealed thick-
ening of its wall. The aciner structure showed  
individual necrosis of its epithelial lining (Fig. 8).  

Kidney:  
Kidneys of rats exposed to low dose (1/20  

LD50) showed segmental glomerulonephritis char-
acterized by proliferation of endothelial, mesangial  
cells and inflammatory cells infiltration. Renal  

tubules revealed degenerative changes of its tubular  

epithelial lining. Some tubules showed coagulative  

necrosis of epithelial lining with intra-luminal  
albuminus casts (Fig. 9).  

Kidneys of rats exposed to high dose (1/10  
LD50) showed collapsed glomeruli and thickening  
of glomerular basement membrane. The proximal  
tubules were dilated and lined by low cuboidal  

cells and some of them showed coagulative necrosis  
(Fig. 10).  

Pathognomonic lesions of high dose (1/10 LD 50)  
exposed rats:  
Renal pelvis:  

Renal pelvis showed hyperplasia of its epithelial  

lining. Some transitional cells revealed vacuolation  
besides necrosis of the superficial epithelial layer  
(Fig. 11).  

Urinary bladder:  

Urinary bladder in most of examined cases  
appeared as sac of collected blood with congested  

serosa of blood vessels.  



Ahmed H. Osman, et al. 559  

Fig. (1): Liver showing perihepatitis with eosinophils infiltra-
tion "arrow" (H & E, X 200).  

Fig. (2): Liver showing dysplasia of hepatocytes with intra-
cytoplasmic inclusion (Mallory's body) "arrow" (H  
& E, X 200).  

Fig. (3): Liver reveals hepatoma (hepatocelluler carcinoma)  

which appeared in a focal manner with cellular atypia  
"arrow" (H & E, X 200).  

Fig. (4): Liver showing binucleated cells, mitotic figures,  

polymorphism of hepatocytes and karyomegalic  
changes "arrow" (H & E, X 200).  

Fig. (5): Thyroid gland showing follicular cell hyperplasia  

"arrow" with varied size follicular spaces (H & E,  

X 200).  

Fig. (6): (A): Thyroid gland showing adenomatous lesion with  

follicular pattern characterized by densely  
packed follicles of varying sizes (H & E, X  
200).  

(B): Thyroid gland showing complex branching pap-
illary structures protruded into follicular lumens  

"arrow" (H & E, X 200).  



560 Toxicological & Pathological Evaluation of Prolonged Bromuconazole  

Fig. (7): Pancreatic gland showing individual cell necrosis  

within acini and normal Langherhan's islet cells (H  

& E, X 200).  

Fig. (8): Pancreas showing relative atrophy of Langerhan's  

islets "arrow" and thickening of blood vessels wall  
(H & E, X 200).  

Fig. (9): Kidney showing segmental glomerulonephritis with  
necrobiotic changes of tubular epithelial lining "ar-
row" (H & E, X 200).  

Fig. (10): Kidney showing thickening of glomerular basement  
membrane "arrow" with dilatation of capillaries  

tufts and degeneration of tubular epithelial lining  
"arrow" (H & E, X 200).  

Fig. (11): Renal pelvis showing hyperplasia and vacuolation  
of its epithelial lining (H & E, X 200).  

Fig. (12): Urinary bladder showing dispersion of its epithelial  

lining with formation of hemorrhagic spaces (H &  
E, X 200).  
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Fig. (13): Seminiferous tubules showing degenerative changes  

of spermatogenic cells "arrow" (H & E, X 200).  

Fig. (14): Seminiferous tubules showing coagulation of sper-
matids in the form of eosinophilic structureless  
globules "arrow" and vacuolation of Sertoli cells  

"arrow" (H & E, X 200).  

Histologically, the transitional epithelial lining  
was dispersed in the form of spindle cells with  
large oval or ovoid nucleus. Hemorrhagic spaces  

were detected in between the epithelia. Some epi-
thelia were migrated in between the edematous  

muscular bundles (Fig. 12).  

Testis:  
Testis of rats exposed to low dose (1/20 LD 50)  

showed various degrees of degenerative changes  
as well as desquamation of spermatogenic cells.  

Some tubules revealed cessation of spermatogenesis  

as evidenced by their lining with single or double  

spermatogonial cell layers only (Fig. 13).  

Testis of rats exposed to high dose (1/10 LD 50)  
revealed thickening of seminiferous tubules wall  
with degenerative changes of spermatogenic cells.  

Coagulation of spermatids in the form of eosino-
philic structureless globules was noticed. Vacuola-
tion of sertoli cells was also seen (Fig. 14).  

Discussion  

The present investigation was performed to  

explore the precise long-term toxic effects of Bro-
muconazole fungicide exposure in male rats.  

Bromuconazole caused an increase in the liver  

and kidney content of MDA as a measure of lipid  

peroxidation and oxidative stress which accompa-
nied with necrobiotic changes, dysplasia of hepa-
tocytes and damage of renal tubules and urinary  

passages. All changes in the chemical parameters  

and liver tissue were reflected as cessation of  

seminiferous tubules function.  

In the liver, superoxide dismutase (SOD), cat-
alase (CAT), glutathione peroxidase (GSH-px) and  

glutathione reductase (GSH-R) activities and re-
duced glutathione (GSH) concentration were de-
creased compared to those of controls. In consistent  

with our results, Ketoconazole has been reported  

also to cause liver damage in exposed rats where  
the liver showed massive centrilobular necrosis  
[8,26] .  

Similar to the recorded Bromuconazole induced  
hepatoma in our results, fenbuconazole (A triazole  
fungicide) exposure of mice has been associated  
with increased incidences of liver adenomas with  
a dose-dependant increase in liver microsomal  
cytochromes b5 and P450 [10,27] . Also, the in-
creased liver weights, hepatocyte hypertrophy and  

changes in hepatic tissue nucleic acids content  

reported herein confirmed the previous studies on  
other triazoles [9,28] .  

In mammalian systems, conazoles modulate  
many CYP enzymes involved in the metabolism  
of xenobiotics, sterols, steroids, vitamin D, and  

other xenobiotics [5-10] . Inhibition of CYP26, a P-
450 enzyme, has been demonstrated in patients  

with acute promyelocytic leukemia after treatment  

with fluconazole [29] . Therefore, most of these  
compounds are considered hepatotoxic in experi-
mental animals due to induction and/or inhibition  

of mammalian hepatic cytochrome P450s (Cyps)  

[7,8,28] .  

Bromuconazole-induced toxicity could be at-
tributed to the production of reactive oxygen species  

as well as depressing endogenous antioxidants and  
enhancing lipid peroxidation [30] . This observation  
is the possible explanation for the inhibition of  
SOD activity by Bromuconazole obtained in our  

experiments.  
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Moreover, liberation of liver enzymes; alanine  

aminotransferase (ALT), aspartate aminotransferase  
(AST), alkaline and acid phosphatases in serum,  

and the histopathological changes in liver and  

kidney tissues may be resulted from overproduction  

of reactive oxygen species and decreased efficacy  

of inhibitory and scavenging enzyme systems,  

SOD, CAT, GSH-Px and GSH-R, resulting in ox-
idative tissue damage. In addition, the decrease in  

GSH level in livers and kidneys confirms the  

involvement of reactive oxygen species in Bromu-
conazole-induced tissue damage. Lipid peroxidation  
may have also contributed to the decrease in intra-
cellular GSH, since 4-hydroxynonenal, a major  
product of membrane peroxidation, can also react  

with GSH to yield inactive thioether derivatives  
[31] .  

Significantly increased serum activities of ala-
nine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), y-glutamyl transpeptidase (GGT),  
alkaline and acid phosphatases, blood levels of  

urea and creatinine and decreased alkaline phos-
phatase activity indicated the incidence of hepato-
cellular injury and nephrotoxiocity [32-34] .  

The present work displayed hepatocellular car-
cinoma as a dose-dependant lesion. The latter was  
accompanied by increased serum biochemical  
parameters especially ALT in a dose-dependant  

manner. The rise in serum ALT and AST activities  

may be a result of sudden change in tissue perme-
ability, cell fragmentation or from a specific phase  
of progressive cellular damage [35] .  

The cytotoxic effect of any oncogen, if it per-
sists, is to present a continual suppression on  
normal hepatocytes, however, new regenerating  

cells that survive may not be so inhibited; a new  
hepatocytes population develops that is resistant  
to the toxic property of the oncogen and free to  

proliferate [36,37] . Mallory's body was frequently  
seen in hepatocytes surrounding hepatocellular  
carcinoma (HCC). Stumptner et al. [38]  described  
intracytoplasmic hyaline bodies resemble inclusions  
in hepatocellular carcinoma cells.  

Our histological investigation revealing glom-
erulonephritis and degeneration of tubular epithelial  

lining with intralumenal eosinophilic casts are  
completely in agreement with recordings of Milu-
tinovic et al. [37] . Also, the recorded renal pelvis  
and urinary bladder epithelial lining hyperplasia  

and testicular degeneration especially at the higher  

dose are consistent with those mentioned by EPA  

[11]  in rats after flusilazole (A triazole fungicide)  

oral treatment at 300mg/kg bw/day for 2 weeks.  
Therefore, the elevation of blood urea and creatinine  

level may be due to the renal lesions.  

Bromuconazole treatment caused damage to  

spermatogenic and Sertoli cells and significantly  
decreased the sperm density in the testes. Oishi  

[39]  and Kadalamani [40]  suggested the possible  
mechanisms of testicular changes to direct inhibi-
tion of the respiratory functions of Sertoli cell  

mitochondria in rat testis and/or to the direct go-
nadotoxic effect on germinal layers of seminiferous  
tubules. Andersson et al. [41]  stated that the asso-
ciation of decreased spermatogenesis and impaired  

Leydig cell function might reflect a disturbed  

paracrine communication between the seminiferous  
epithelium and the Leydig cells, triggered by dis-
torted function of the seminiferous epithelium.  

Bromuconazole-induced thyroid hyperplasia  
and adenomatous tumors in our results could be  
attributed to interference with the regulatory cycle  

of thyroid function leading to compensatory over  
growth of the thyroid (adaptation hyperplasia),  
whereby secretion of the thyroid hormone is main-
tained at about normal level as well as hyperplasia  

of islet of Langerhan's [42] . In addition, these  
carcinogenic growths may be resulted following  
radical disturbance of the hormonal balance [43] .  
Also, it may be the result of bromuconazole con-
version via prostaglandin H synthase (PHS) to a  

mutagenic intermediate and/or the generation of  

reactive metabolites by thyroid peroxidase or PHS  

[44] .  

Tumor-associated antigens (such as AFP) are  
proposed as predictive markers of hepatocelluler  

carcinoma cells disseminated into the circulation  
and for metastatic recurrence [45] . The significantly  
increased serum level of AFP in our results is  
supported by the presence of multiple microscopic  
foci of hepatocelluler carcinoma seen in liver and  

cellular hyperplasia of renal pelvis, urinary bladder,  

thyroid gland and pancreas and confirms the car-
cinogenic potential of this fungicide. These results  

are comparable with those described by Kolbye  

[43] ; EPA [11] ; WHO [27] ; Juberg et al. [10]  and Sun  
et al. [28] .  

Conclusion:  

The present study confirms the involvement of  

reactive oxygen species in Bromuconazole-induced  

toxicity, since the level of lipid peroxidation product  

(MDA) was increased with reduction of hepatic  
and renal glutathione contents of these organs and  

a consequent histopathological alteration in all  
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investigated organs. In addition, the activities of  

hepatic antioxidant enzymes and serum biochem-
istry were disturbed. Moreover, the serum AFP  

was increased suggesting a carcinogenic potential  

of this fungicide on prolonged exposure.  
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