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ABSTRACT
L . Introduction: Tebuconazole is a systemic fungicide whose toxicity has been reported in
Article info: *  animals and humans due to direct and indirect exposure. Our study aimed to assess the
Received: 10 Nov 2021 ¢ hepatotoxic effects of tebuconazole at subacute doses in rats.

Accepted: 09 Dec 2021 Methods: Tebuconazole was administered by oral gavage at doses of 6, 12, 25, 50, and

Available Online: 01 Jan 2022 : 100 mg/kg daily. Serum levels of ALT, AST, and ALP were determined. Histopathological
*  analysis was performed using liver sections stained with hematoxylin and eosin.
Parameters such as cell inflammation, accumulation of lipid vacuoles, and hepatocyte

necrosis were assessed.

Results: The results showed that the serum levels of AST, ALT, and ALP enzymes
elevated in all Tebuconazole doses compared to the control group. This elevation was
statistically significant in the 50 and 100 mg/kg groups compared to the control group.
Histopathological results revealed the increased necrosis and destruction of hepatocytes
and accumulation of lipid vacuoles in the study groups compared to the control group.

Keywords: :  Conclusion: The study’s results showed significant hepatotoxic effects at subacute doses of
Tebuconazole, Hepatitis, :  tebuconazole. These results are alarming in the widespread use of tebuconazole as a fungicide.
Necrosis, Rats ¢ Itis recommended to take the necessary precautions, including wearing gloves or a mask.
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1. Introduction

ebuconazole (TEB) is a systemic tri-
azole fungicide that inhibits ergosterol
biosynthesis in the cell membrane of
fungi and stops the development of
these pathogens [1]. TEB is today wide-
ly used in crops and ornamental plants.
The use of pesticides in agricultural environments is
a requirement for crop protection. On the other hand,
the same safety for crops also endangers human and
wildlife health [2]. TEB toxicity occurs when humans
or animals have either direct exposure to the toxin
or indirect exposure to infected plants. Symptoms of
TEB toxicity have previously been described in rats,
including restlessness, imbalance, spasm in some or-
gans, and severe asthenia [3]. Metabolism of conazole-
triazole fungicides occurs in hepatic microsomes [4].

Triazole fungicides increase the production of free
radicals and oxidative stress in the body by signifi-
cantly reducing glutathione-S transferase (GST) activ-
ity. Free radicals produced by oxidative stress lead to
lipids, proteins, and DNA oxidation. These alterations
eventually lead to cell death through apoptosis or ne-
crosis, causing significant disorders in the body [5].

Moser et al. investigated the effect of TEB on rats’
immune, reproductive, and nervous systems in a study,
according to which the impact on the nervous system
was observed in the behavioral and neuropathological
alterations [6]. Sancho et al. showed that short-term
exposure to TEB at subacute doses causes physiologi-
cal disorders in male fish, and the fungicide is a poten-
tial neurotoxin [7]. Recently, several case reports have
been provided for the extensive hepatotoxic effects
of TEB in animals and humans [8, 9]. Accordingly, it
seems required to investigate the hepatotoxic effects
of unintentional exposure to TEB. The results of this
study point out the dangers of this drug and the need
for more precautions when using it in agriculture.

2. Materials and Methods
Animals

Sixty male Wistar rats weighing 200-220 g were pro-
vided from the animal house of Baqiyatallah Universi-
ty of Medical Sciences, Tehran, Iran. The animals were
kept under controlled conditions, including 224+2°C
and a 12-12h light-dark cycle photoperiod. All insti-
tutional and national guidelines for the care and use
of laboratory animals were followed. All experiments

were performed following the principles of working
with laboratory animals approved by the Ethics Com-
mittee of Bagiyatallah University of Medical Sciences.

Study design

The experimental rats were randomly divided into 6
groups (n=10 per group) using a random number table.
Rats in each group were placed in special and similar
cages of 40x20x20cm. One group was a control group,
and the other 5 were considered experimental groups.
TEB was administered for each experimental group,
dosing by oral gavage at 6, 12, 25, 50, and 100 mg/
kg for 30 days. To assess the short-term effects of the
drug, five rats were randomly selected at the end of the
first week from all groups and deeply anesthetized by
injection of ketamine (100 mg/kg) and xylazine (10
mg/kg). A liver biopsy was then performed after blood
sampling from the heart. Liver tissue samples were
taken from other animals by the above method after
the last dose of TEB at the end of the fourth week.

Biochemical analysis

The animals were anesthetized with ketamine-xyl-
azine administration, and a direct blood sample was
taken from the heart using a Sml syringe, with 3-5 ml
of blood from each animal. The blood samples were in-
cubated at room temperature for a few minutes and then
centrifuged at 5000 rpm for 10 min. Serum was sepa-
rated from the clot, and samples were stored at -20°C to
measure enzymes and biochemical parameters. Serum
concentrations of AST, ALT, and ALP were measured
by spectrophotometer, and the values of desired en-
zymes were measured by Pars Azmun ELISA kit.

Histopathological analysis

Liver samples were taken from all groups, and they
were immediately placed in 10% formalin for fixation
and preparation of tissue sections after rinsing with
physiological serum. Tissue processing of fixed sam-
ples was performed, and tissue sections with a thick-
ness of 5 um were prepared as a serial section using a
rotary microtome. Liver tissues in all study groups were
stained with hematoxylin and eosin to analyze their
histopathological alterations. Alterations in parameters
such as cell inflammation, lipid vacuole accumulation,
cell necrosis, disintegration in the portal space, and a
considerable distance between cells were analyzed.
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Table 1. Mean comparisons of rat serum levels of liver enzymes AST, ALP, and ALT in the groups

MeantSEM
Groups
ALT (1U/L) AST (1U/L) ALP (1U/L)

Control 727 158+23 243131

6 mg/kg 7419 170+16 250414
12 mg/kg 7945 189+23 285+17
25 mg/kg 8116 266113* 341+20*
50 mg/kg 93+8* 346+17* 393432*
100 mg/kg 98+10* 403+21* 460+29*

* P<0.05 compared to the control group.

Figure 1. Photomicrographs of liver sections of rats at the end of the first week (H&E staining)
A: Control group with normal hepatocytes (arrow) arranged in cords and normal sinusoids. B to F: Treatment groups with 6, 12,
25, 50 and 100 mg/kg Teboconazole respectively. Accumulation of inflammatory cells (hollow arrow) and damaged hepatocytes
with eosinophilic cytoplasm and pyknotic nucleus (arrowhead) was shown. (Magnificationx400)

Figure 2. Photomicrographs of liver sections of rats at the end of 4th week (H&E staining)

A to E: Treatment groups with 6, 12, 25, 50, and 100 mg/kg tebuconazole, respectively. Accumulation of inflammatory cells (hollow arrow)
and damaged hepatocytes with ballooning degeneration and diffuse fatty changes (arrow) was shown. Microvesicular steatosis is evident in
liver tissue. (magnificationx400)
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Statistic analysis

Data were analyzed by SPSS software using analyti-
cal statistics and one-way analysis of variance (One-
way ANOVA) using a blind analysis method. The sig-
nificant level was considered at P<0.05.

3. Results

Statistical analysis of the data showed that serum lev-
els of AST, ALT, and ALP enzymes elevated in all doses
of TEB compared to the control group; however, this
elevation was not significant at all doses (Table 1). The
increase in ALT in the 50 and 100 mg/kg groups was
statistically significant compared to the control group.
The results also showed that the increase in AST and
ALP was significant in the groups receiving 25, 50, and
100 mg/kg TEB compared to the control group.

The histopathological analysis of the liver in differ-
ent study groups indicated that the liver tissue struc-
ture was undamaged and normal in the control group.
In the groups receiving oral TEB, various tissue al-
terations were observed, including accumulation of
inflammatory cells around the central vein, sinusoidal
dilatation, irregular hepatocyte plates (Remark string),
and pyknotic hepatocyte in liver tissue, which were
dose-dependent.

Assessment of the short-term (1 week) effects of
TEB on liver tissue shows the hepatotoxic effects of
this substance even at low doses (Figure 1). Histo-
pathological alterations of the liver in the long-term
exposure (4 weeks) to TEB are shown in Figure 2. The
results suggested an increase in hepatocyte necrosis,
destruction, and accumulation of lipid vacuoles and
microvesicular steatosis in the study groups compared
to short-term alterations.

4. Discussion

The current study showed that very low doses of TEB
could cause significant hepatotoxic alterations in rats.
According to our results, TEB elevates serum levels of
AST, ALP, and ALT in rats. The elevation in these en-
zymes, indicators of liver damage, is directly related to
the dose of TEB. The results of our study also showed
various histopathological alterations in the liver tissue
of animals exposed to TEB. The hepatotoxic effects
of TEB in the early days are primarily seen in the ac-
cumulation of inflammatory cells and alterations in the
order of hepatocytes and sinusoids. In the long-term
exposure, these alterations were observed in the form

of lipid accumulation, vascular and sinusoidal dilata-
tion, and finally, extensive necrosis of hepatocytes.

As a result, the most destructive effects of these toxins
are observed in the liver due to the metabolism location
of conazole-triazole fungicides in liver microsomes.
However, previous studies have also shown the destruc-
tive effects of TEB on other organs in the body. Ronis et
al. in a study, identified multiple lesions of renal tissue
exposed to TEB. This report indicates the occurrence of
diffuse necrosis and severe hyperemia, which may be
due to the effect of TEB on cells and their destruction
through the mechanisms of inhibition and induction of
cytochrome P450 [10]. Yargholi et al. investigated the
histopathological effects of TEB on dog liver [8]. The
researchers reported that the hepatocytes underwent
adipose tissue changes, necrosis, and extensive destruc-
tion, which is consistent with our results.

The destructive effects of conazole-triazole fungicides
have been reported to a limited extent in humans. Alaa
et al. reported that oxidative stress and increased lipid
peroxidation were observed in farm workers spraying
conazole fungicide. This study showed that exposure to
fungicides significantly reduces the activity of the gluta-
thione-S transferase enzyme and induces oxidative stress
in the human body by producing free radicals [11].

The hepatotoxic effects of TEB at subacute doses in
humans were reported in another case report. In this
case report, unintentional exposure of a farmer to a
subacute dose of TEB caused a severe elevation in
liver enzymes AST, ALP, and ALT in this person. The
researchers concluded that unintentional exposure to
low doses of TEB could increase an individual’s risk of
developing hepatitis [9]. Our study results also showed
a sharp elevation in liver enzymes during exposure to
TEB, which was consistent with this study.

5. Conclusion

The results of our study showed significant hepato-
toxic effects at subacute doses of tebuconazole. It is
recommended to take the required precautions, includ-
ing personal protection tools, due to the hazardous ef-
fects of this fungicide. It is also recommended to use
other fungicides with less toxicity to mammals.
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