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ABSTRACT 

BACKGROUND AND OBJECTIVE: Tricyclazoleis a popularTriazole pesticide used in agriculture to 

control rice blast disease.Due to thehigh consumption and stability of tricyclazole, as well as the digestive, 

nervous and hepaticdisorders it may cause, this study aimed to investigate the effects of tricyclazole on hepatic 

enzyme changes and tissue damagein the fetus of laboratory mice.  

METHODS: Forthis experimental study, 30 mice (10 male, 20 female) with the age range of 10-12 weeks 

were purchased from Pasteur Institute, Northern branch, Iran. After mating and confirmation of pregnancy 

usinga vaginal plaque,the mice were randomly divided into three groups of control (N=6), experiment I (N=7) 

and experiment II (N=7). In the experimental groups, the mice received tricyclazole via intraperitoneal 

injectionat doses of 0.5 and1.5 mg/kg,respectively, whilethe control group received no toxins. All the animals 

were preservedunderoptimum conditions, and at day 17 of gestation, they were killed,and the fetuseswere 

removed from the body of the mothers. Sampling of hepatic tissues was performedto count fetal hepatocytes 

andevaluate tissuedamage. In addition, enzymelevels of Alanine aminotransferase (ALT), Aspartate 

aminotransferase (AST) and Alkaline phosphatase (ALP) were measured via the colorimetric method using 

theenzyme kit madeby Cayman company.  

FINDINGS: In this study, microscopic evaluationsshowed a significant increase in the number of hepatocytes 

inexperimental group I (21.35±0.85) and experimental group II (23.1±1.16) compared to the control group 

(16.9±1.2) (p<0.05). Moreover, levels of ALTand AST were higher in the experimental groupscompared to 

the control group, whilethe level of ALP was observed to decrease in both groups (p<0.05). According to 

histopathological studies, concentrations of tricyclazole in the liver could lead to necrosis, inflammatory cell 

infiltration, hyperplasia, watery degeneration of hepatocytes and severe hepatomegaly. 

CONCLUSION: According to the results of this study,enzymatic changes and hepatic tissue damage aredose-

dependent processes, and tricyclazole could irreversibly disrupt the metabolic systemof the body. 
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Introduction 

In recent years, various pesticides have been 

used in agriculture in order to eliminate plant 

diseases, as well as to increase products. However, 

there are major concerns about the environmental 

and health hazards caused by these pesticides. Due 

to the aberrant and unreasonable use of pesticides by 

farmers, and because of the stability of these 

substances in the environment, different side effects 

have been attributed to pesticides. The adverse 

effects of these toxins could be a result of long-term 

or short-term exposure, which mostly affect 

agricultural producers and consumers, such as 

farmers and orchard owners (1-3).  

Tricyclazole is a popular pesticide, which is 

widely used in the northern regions of Iran. 

Tricyclazole is a systemic fungicide of the Triazole 

family, and is normally used to control rice blast 

disease (4, 5). This toxin is known as a major 

contaminator of the environment, water and food, 

and has a high stability in the environment. 

According to several studies, tricyclazole could 

remain in soil for more than 11 months, and is 

immediately absorbed by skin and mucous 

membranes upon exposure (6). 

Severity of the damage caused by pesticides 

depends on the type of absorption, metabolites and 

cellular structure the compounds (7). Tricyclazole 

fungicides could disrupt the function of different 

body organs, such as the liver, through the inhibition 

of cytochrome CYP450 and cholesterol synthesis 

(8). Several studies have confirmed the adverse 

effects of these toxins on hepatic enzymes, such as 

cytochromes, which could lead to changes in the 

activity of these enzymes causing cellular irritation 

and proliferation (9).  

In a study by Sancho et al., it was reported that 

tricyclazole could increase the serum levels of 

triglyceride, glucose and lactate, while causing no 

changes in serum total protein. Furthermore, this 

toxin was observed to increase the activity of other 

enzymes including alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), and lactate 

dehydrogenase (LDH), and decrease the levels of 

alkaline phosphatase (ALP) (10). 

 Tricyclazole affects other tissues as well, 

including the testicles; the toxins could increase 

testosterone levels, weight of the testicles, diameters 

of seminiferous tubules, number of blood vessels 

and the lumen space (11).  

A number of reports have noted that tricyclazole 

could break chemical bonds and cause cell damage 

by producing free radicals and reactive oxygen 

species with lipids, proteins and nucleic acids. 

Moreover, membrane lipid peroxidation and cell 

death induction are among other complications 

caused by these toxic components (12). As the 

largest gland in the body, the liver plays a pivotal 

role in the metabolism of drugs, toxins and harmful 

compounds (13).  

Although such compounds are converted into 

harmless materials in the liver and are mostly 

excreted from the body, the remnants of these toxins 

could have several adverse effects on the function 

and structure of body tissues, including the liver. 

Given the importance of liver in the conversion of 

potentially toxic compounds, this study aimed to 

investigate the effects of tricyclazole on hepatic 

tissue damages and enzymatic changes. 

 

 

Methods 

Animals under Experiment: In this experimental 

study, 30 laboratory mice (10 male, 20 female) 

weighing between 30-35 grams (age: 10-12 weeks), 

were purchased from Pasteur Institute, Northern 

branch, Iran. The animals were kept in standard 

cages at the temperature of 23 ± 2°C with the 

humidity of 50-55%, within a photocycle of 12 hours 

of light and 12 hours of darkness. The mice had free 

access to adequate food and water.  

For mating, each of the male animals was placed 

in a cage with two females, and after the 

confirmation of pregnancy using a vaginal plaque, 

the mice were randomly divided into three groups of 

control (N=6), experimental group I (N=7) and 

experimental group II (N=7). 

In this study, tricyclazole was used with 95% 

purity, produced by Gorgan Gol-Sam Company. 

Desired concentrations of the pesticide were 

prepared from tricyclazole in distilled water, and the 

animals received daily injections at a specific time.  

Experimental groups I and II received frequent 

doses of tricyclazole (0.5 and 1.5 mg/kg, 

respectively) via intraperitoneal injections, while the 

control group received none. All the animals were 

preserved under optimum conditions and were killed 

at day 17 of gestation. Afterwards, the fetuses were 

removed from the body of the mothers, and samples 

were obtained. For the histological evaluation, parts 
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of the liver were removed from the fetuses, and were 

fixated in 10% formalin. Following that, serial 

histologic sections (thickness: 5 microns) were 

prepared and stained using Hematoxylin and Eosin 

(H & E) method. In each group, 100 sections, 

consisting of all parts of the liver, were evaluated, 

and hepatocytes were counted using Zeiss optical 

microscope, equipped with a rectangular, graded 

page (dimensions: 25 × 15 mm, surface: 375 mm2). 

 In addition, histopathological evaluations were 

performed on the prepared tissue sections. In order 

to measure the enzymatic activities of ALT, AST 

and ALP, parts of the hepatic tissues were 

homogenized with 17 mM phosphate buffer solution 

at 14,000 rpm and were measured using the 

colorimetric method and kit enzyme made by 

Cayman Company, America. Moreover, ANOVA 

test was used to evaluate the research hypothesis, 

and Tukey’s test was used for the comparison of the 

mean differences between the study groups. In this 

study, p<0.05 was considered significant. 

 

 

Findings 

Number of Hepatocytes: Microscopic 

examinations of the hepatic sections were indicative 

of a significant increase in the number of 

hepatocytes in both experimental groups compared 

to the control group, and the increase in experimental 

group II was considered to be statistically significant 

(p<0.05) (table 1). 

 

Table 1. Comparison of Mean Hepatic Enzymes 

and Hepatocytes in the Experimental and 

Control Groups  

    Groups 

Parameter  

Control 

Mean±SE 

Experimental  

I(0.5mg/kg) 

Mean±SE 

Experimental  

II(1.5mg/kg) 

Mean±SE 

ALT(IU/L) 221±72c 258b±610 1401±265a 

AST(IU/L) 262.3±12a 303.3±59.5b 892±225a 

ALP(IU/L) 188±8a 108±22b 92±5.1b 

Number of 

Hepatocytes 

(mm²) 

9.16±2.1a 35.21±85b 16.1a±1.23 

The mean values in each row, with at least one letter in 

common, had no significant difference (p<0.05). 

 

Measurement of Hepatic Enzymes: After the 

experiments, assessment of hepatic enzyme factors 

indicated that tricyclazole could cause changes in 

enzymatic activities of the liver. In this study, ALT 

had a significant increase in the experimental groups 

compared to the control group (p<0.05).  

The increase in experimental group II (dose: 1.5 

mg/kg) was more significant than experimental 

group I (0.5 mg/kg). In addition, AST levels in the 

experimental groups had a significant increase 

compared to the control group (p<0.05), while ALP 

had a significant decrease in the experimental groups 

compared to the control group (p<0.05) (table 1). 

Evaluation of Hepatic Tissue Damage:  

Histopathological changes were observed during the 

assessment of hepatic tissues of the fetuses treated 

with 0.5 mg/kg of tricyclazole (experimental group 

I). Moreover, changes in the number of hepatocytes 

were manifested as necrosis and watery type of 

degeneration. Among other damages caused by 

tricyclazole injection was the infiltration of 

inflammatory cells and fibrosis in the hepatic tissues 

(fig 1). Furthermore, an increase was observed in the 

number of Kupffer cells within the structure of 

tissues. Evaluation of the tissue sections in experimental 

group II, which received 1.5 mg/kg of the toxin 

intraperitoneally, was indicative of extensive hepatic 

damages (e.g. necrosis and watery degeneration of 

hepatocytes) (fig 1), and fibrosis in the triad. One of 

the most important changes in the fetuses was bile 

duct hyperplasia, which was detected in the 

experimental group receiving 1.5 mg/kg of the toxin. 

Regarding the destructive effects of tricyclazole at 

high doses, the number of Kupffer cells in the 

hepatic tissues of experimental group II had a more 

significant increase compared to group I (fig 1). 

 

 

 

 

 

 

 

 

 

                       A                                      B 

A) Control Group: Normal tissues, Hepatocytes (yellow 

arrow), Sinusoids (pink arrow), Megakaryocyte (blue 

arrow); B) Experimental Group I: Fibrosis (white 

arrow), Mononuclear inflammatory cell infiltration 

(blue arrow), Watery cell degeneration (green arrow), 

Necrosis of hepatocytes (red arrow), Kupffer cells 

(black arrow);  
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                    C                                        D 

C) Experimental Group II: Fibrosis of hepatic tissues 

(purple arrow), Bile duct hyperplasia (green arrow), 

Hyperemia (blue arrow), Inflammatory cell infiltration 

(orange arrow); D) Experimental Group II: Severe 

fibrosis in hepatic tissues (white arrow), Inflammatory 

mononuclear cell infiltration (purple arrow), Necrosis 

in hepatocytes (red arrow), Kupffer cells (black 

arrow). 

 

Figure 1. Photo Micrographs of Hepatic Sections 

in 17-day Fetuses, stained by H & E Method 

(magnification: 400) 

 

 

Discussion 

In the present study, administration of 

tricyclazole caused a significant increase in the 

levels of ALT and AST in both experimental groups 

compared to the control group. However, the level 

of ALP decreased in the experimental groups, which 

received the toxin, compared to the control group. In 

addition, the number of hepatocytes was observed to 

increase in the experimental groups compared to the 

control group, and hepatic tissue damages were 

detected after the injection of tricyclazole.  

These hepatic changes were manifested as 

necrosis, watery degeneration of hepatocytes, 

fibrosis in the triad, bile duct hyperplasia, and 

increased number of Kupffer cells, especially in the 

mice receiving higher doses of the toxin. According 

to several studies, azole antifungal agents could 

enter the fetus by causing damage to the placenta, 

and bring about birth defects, death or tissue 

damages. Apparently, tricyclazole is able to harm the 

fetus through crossing the same pathway in the 

placenta (14, 15).  

Although tricyclazole is converted into active 

metabolites in hepatic tissues, it should be noted that 

the liver has limited function in the transformation 

of these compounds. Therefore, structural and 

functional disorders are expected in hepatic tissues 

in case of severe exposure to these toxins (13). 

According to several reports, triazoles are able to 

increase the proliferation and number of cells 

through the activation of anti-apoptotic growth arrest 

and DNA damage inducible genes, and nuclear 

receptors of CAR-regulated genes, such as CYP2B2. 

Furthermore, these toxins could cause hepatic 

damages and hepatomegaly; therefore, these 

compounds are considered to have several 

hepatotoxic properties (16-18).  

In this study, the increase observed in the 

number of hepatocytes could be due to the toxic 

effects of tricyclazole on the activation of these 

genes, which resulted in the induction of cell 

division and increased number of hepatocytes. On 

the other hand, the results of the present study 

showed a significant increase in the levels of ALT 

and AST, which is compatible with the findings of 

Sancho et al. (10); several studies have confirmed 

that triazole compounds could increase the levels of 

ALT and AST, while causing considerable hepatic 

damages (19 , 20). A number of studies have 

suggested that hepatic tissue damages are caused 

without oxidative stress. Another important finding 

of the current study was the reduction observed in 

the level of ALP, which was indicative of the dose-

dependent negative effects of tricyclazole. 

Accordingly, by increasing the concentration of this 

toxin, ALP enzyme levels could decrease more 

significantly. There are conflicting results on the 

changes in ALP levels; while some researchers 

believe that triazoles reduce the levels of this 

enzyme (10), others claim that these toxins could 

increase ALP levels (19-21).  

The decrease in the levels of ALP could be due 

to the hyperplasia of bile ducts. On the other hand, 

increased levels of transaminases resulted in hepatic 

tissue damages in the current study. Moreover, the 

occurrence of histopathological changes in hepatic 

tissues after the use of tricyclazole are indicative of 

the degeneration of hepatic cells, caused by necrosis 

and membrane damage in these cells, which lead to 

the release of AST and ALT, as well as a significant 

increase in the levels of these enzymes. These 

enzymes are naturally found in hepatic cells and are 

considered as proper criteria for the assessment of 

hepatic damages. ALT and AST are released due to 

the damage of cell membranes and necrosis of 

hepatic cells, and their levels are likely to increase in 
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the plasma; this process signifies the vulnerability of 

hepatic tissues (13). Increased levels of transaminase 

enzymes in the present study could be due to tissue 

damages, necrosis and watery degeneration of 

hepatocytes. Furthermore, administration of 

tricyclazole was observed to increase the number of 

Kupffer cells. These cells are the mature 

macrophages found in hepatic sinusoids, and given 

the key role of these cells in phagocytosis (22), 

increased number of Kupffer cells might be 

associated with the digestion of necrotic cells, which 

is caused by the injection of this toxin.  

In conclusion, the results of the present study 

indicated that changes of hepatic enzymes, as well as 

hepatic damages, are dose-dependent processes. 

Moreover, tricyclazole could lead to irreversible 

disruptions in the metabolic system of the body.  
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