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Fenarimol, ozellikle iiziim baglarinda mantar hastaliklariyla
miicadelede kullanilan, meyve ve sebze yetistiriciliginde
vaygin sekilde tercih edilen bir fungisittir. Hem ostrojenik
hem de antiandrojenik aktivite gosteren bu bilesik, gama-
glutamiltransferaz, glikoz-6-fosfataz ve alkalin fosfataz gibi
onemli enzimler tizerinde etkili olabilmektedir. Bu ¢calismada
ise laktat dehidrogenaz (LDH) enzimi ele alinmistir.

Fenarimol, LDso dozu olan 200mg kg diizeyinde, erkek ve
disi  si¢canlara intraperitoneal olarak uygulanmistir.
Uygulamay1 takiben 2, 4, 8, 16, 32, 64. ve 72. saatlerde
siganlarin  karaciger, bobrek, beyin ve ince bagirsak
dokularindan alinan orneklerde LDH enzim aktivitesindeki
degisimler belirlenmistir.

Elde edilen bulgular, Fenarimol uygulamasinin incelenen
tiim dokularda LDH aktivitesini artirdigini gostermistir. Bu
artig, her iki cinsiyette de 72. saate dogru azalma egilimi
gostermistir. LDH aktivitesindeki bu artiglarin, ilgili
dokularda hiicresel hasar meydana geldigine isaret ettigi
diistiniilmektedir.
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One Cikanlar

1-Fenarimol
uygulamasi hem erkek
ve disi sicanlarin LDH
aktivisinde artislara
neden olmustur.

2-Sicanlarin karaciger,
bobrek, beyin ve ince
bagirsak dokularinda
LDH enzim
aktivitesinde artiglar
istatistiksel olarak
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The Changes in LDH Activity in Various Tissues of Rats Exposed to

Fenarimol

Abstract Keywords
fenarimol, liver,

Fenarimol is a fungicide widely used in fruit and vegetable kidney, brain,

cultivation, particularly in vineyards, to combat fungal
diseases. Exhibiting both estrogenic and antiandrogenic
activities, this compound also influences several key enzymes,
including gamma-glutamyltransferase, glucose-6-
phosphatase, and alkaline phosphatase. In the present study,
the enzyme lactate dehydrogenase (LDH) was selected as a
biochemical marker to evaluate tissue-specific effects of
Fenarimol exposure.

Fenarimol was administered intraperitoneally to both male
and female rats at its LDso dose (200 mg/kg). Following
administration, changes in LDH enzyme activity were
assessed in liver, kidney, brain, and small intestine tissues at
various time intervals: 2, 4, 8, 16, 32, 64, and 72 hours.

The results indicated a significant increase in LDH activity in
all examined tissues post-exposure. However, this elevated
enzyme activity gradually declined toward the 72-hour mark
in both sexes. These increases in LDH activity suggest that
Fenarimol induces notable tissue damage, reflecting its
toxicological impact on vital organs.

small intestine,
lactate dehydrogenase

Highlights

1- Fenarimol
application caused
increases in LDH
activity in both male
and female rats.

2- Statistically
significant increases in
LDH enzyme activity
were recorded in the
liver, kidney, brain,
and small intestine
tissues of rats.

3- Fenarimol
application is thought
to cause cellular
damage in all tissues
examined

1. Introduction

The human population in the world is increasing very rapidly. This increase also causes
an increase in food demand. This situation directs the agricultural and livestock industries
to produce more food. Increasing agricultural areas in this sense and uncontrolled use of
pesticides lead to the destruction of natural habitats and loss of biodiversity. Pesticide use
is increasing every year in the world and in Turkey [1]. It has been announced that
Turkey's pesticide imports have increased by 52.15% and the amount of pesticide use has
increased by 39.21% in recent years [2]. It has been shown that the most used among
these pesticides are fungicides with 38.4% [3]. In addition, it is known that such excessive
and unconscious use of pesticides causes damage to water, soil, fruits, and vegetables,
reaches people through the food chain, and causes serious health problems [4].

Fenarimol, a pyrimidine derivative, has a chemical formula of C17H12Ci2N20. Fenarimol
is a fungicide used in the agricultural sector for the control of plant diseases. It is widely
used against fungal diseases in fruits and vegetables, such as grape vineyards. Among
these diseases, we can mention mildew, anthracnose, and other fungal infections.
Fenarimol is a substance classified as a sterol biosynthesis inhibitor (SBI) and exhibits
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antifungal effects by inhibiting the synthesis of ergosterol, an important component of the
fungal cell membrane [5, 6].

Fenarimol has been shown to interfere with hepatic biotransformation processes,
potentially slowing the elimination of certain toxins. Prolonged exposure may place a
significant burden on liver function. In humans, it has been demonstrated to inhibit the
cytochrome P450 enzyme system, particularly impacting steroid metabolism, which
could result in drug interactions and the accumulation of toxic compounds in the body

[7]1

As an endocrine-disrupting chemical, fenarimol inhibits key enzymes such as
Cytochrome P450 Family 19 (CYP19, aromatase) and Cytochrome P450 Family 17
(CYP17), thereby impairing the biosynthesis of estrogen and testosterone. This disruption
of androgen-to-estrogen conversion may lead to imbalances in hormonal regulation.
Animal studies have reported that fenarimol exposure in males leads to reduced
testosterone levels and impaired spermatogenesis [8, 9].

Similarly, studies in female mice have indicated reproductive irregularities, decreased
fertility, and potential transgenerational effects on the reproductive capacity of offspring
during gestation and lactation [10]. Although its neurotoxic potential has not been
conclusively established, some evidence suggests that fenarimol may pose a risk of
developmental neurotoxicity, particularly when exposure occurs during critical periods
of fetal development.

Given its potential to disrupt hormonal balance, modulate hepatic enzymes, and impair
reproductive function, fenarimol is considered a fungicide of concern. Long-term
exposure is associated with significant health risks, and as a result, its use has been
restricted or banned in certain countries [11, 12].

Lactate dehydrogenase (LDH) is one of the crucial enzymes in metabolism. Under
hypoxic conditions, it catalyzes the conversion between lactic acid and nicotinamide
adenine dinucleotide (NAD™) in the body. During this conversion, pyruvic acid is
transformed into lactic acid, while the NADH molecule converts to NAD™ and a hydrogen
ion (H*). This conversion is important for the continuity of glycolysis. LDH is involved
in cellular energy production when oxygen levels in the cells are low or absent. For
example, during intense exercise when oxygen becomes depleted in muscle cells, pyruvic
acid is converted to lactic acid, and this conversion is utilized to sustain energy production
[13].

Even though this enzyme is present in all cells, it is primarily found in the liver, muscle,
kidney, and heart tissues. Variations in LDH enzyme levels are typically linked to tissue
damage. LDH is also found in the blood. Measurement of LDH levels during blood tests
serves as a diagnostic tool, especially in conditions such as heart attack, liver diseases,
and other tissue damage. The organism attempts to repair the damage as quickly as
possible using the metabolic energy produced rapidly by the LDH enzyme [14].
However, the use of LDH alone as a diagnostic tool is not common. It is usually evaluated
in conjunction with many other tests and interpreted alongside clinical symptoms.
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The specific effects of pesticides, especially their effects on enzymes, vary depending on
the components used, their doses, and the duration of exposure. Therefore, the
biochemical and physiological effects of pesticide exposure encompass a wide range. In
this study, the effect of Fenarimol, commonly used in agricultural fields, on the activity
of the LDH enzyme, which plays a significant role in the metabolic pathway, was
investigated. LDH activity was assessed in the liver, kidney, brain, and small intestine
tissues of male and female rats following exposure to fenarimol. This research will
contribute to studies exploring the effects of fenarimol on metabolism.

2. Material and method
2.1. Material

The project was completed with Rattus norvegicus rats weighing 200-250g obtained from
Bursa Uludag University's experimental animal breeding center. The rats were kept under
standard laboratory conditions until they were taken into the experiment. The laboratory
environment was sterile and hygienic. Feeding programs were organized according to the
needs of the rats. Water was given freely. Ethical rules were followed in experimental
techniques.

2.2. Method

In the study, two groups of rats were considered for each experimental period: a control
group consisting of 2 rats (1 male; 1 female) and an experimental group consisting of 4
rats (2 males; 2 females). Experimental animals were kept under control in separate cages
during the test periods of 2, 4, 8, 16, 32, 64, and 72 hours. A total of 42 rats were used in
the experiments. Fenarimol (Sigma-Aldrich, St. Louis, MO) was administered
intraperitoneally to the experimental groups at a dose of 200mg/kg (LDso), while the
control groups received an equivalent volume of corn oil. To ensure metabolic
synchronization, rats in both groups were subjected to 24 hours of fasting and water
deprivation prior to injection. After the injection, food and water were given regularly
throughout the experiment. The animals were humanely euthanized by cervical
dislocation at 2, 4, 8, 16, 32, 64, and 72 hours following the injection. Tissues from the
small intestine, brain, kidney, and liver were carefully collected in a cold environment
and then infused in 0.15 M KCI. The tissues were homogenized in a T-line laboratory
shaker-type homogenizer (model No: 136-2) at 2000 rpm. Each homogenate was
centrifuged at 48000g for 30 minutes in an RC-5 super-speed refrigerated centrifuge
(Dupont Instruments Sorvall), and the supernatants were used as the enzyme source.
Enzymatic reaction rates were determined using freshly prepared samples, and
centrifugation and homogenization were carefully performed at 0-4°C. Protein amounts
in the resulting homogenates were determined using the Bradford method with standard
bovine serum albumin [15]. The Boehringer & Mannheim method was used for the
calculation of LDH activity [16]. The activity determination was spectrophotometrically
assessed at a wavelength of 340nm.
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2.3. Statistical Analysis

The experimental data were analyzed using the GraphPad Prism 8 software for Windows
(Demo Version; GraphPad, San Diego, CA). The effect of Fenarimol between the
experimental and control groups was evaluated using an independent t-test. Statistical
significance was determined through a one-way analysis of variance (ANOVA). p-values
of <0.05, <0.01, and <0.001 were considered statistically significant

3. Result and discussion

3.1. The Impact of Fenarimol on LDH Activity in Liver Tissue

Fenarimol significantly increased LDH enzyme activity in liver tissue compared to the
control group, beginning as early as 2 hours in both male and female rats (p<0.05, p<0.01,
and p<0.001). The highest enzyme activity was observed in both groups at 32 hours
(Figure 1A and 1B). While it was 146.46+54.98 U mg™? protein in males, it was
199.56+56.8 U mg™ protein in females.
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Figure 1. LDH activity (U mg™ protein) in male (A) and female (B) rat liver tissue under the influence of
Fenarimol. Statistically significant differences, *(p<0.05); **(p<0.01); ***(p<0.001).

¥ For each supernatant, activity values were measured in triplicate using spectrophotometer, and the
averages were calculated.

3.2 Effect of Fenarimol on LDH Activity in Kidney Tissue

Fenarimol increased LDH enzyme activity in the kidney tissue of both male and female
rats compared to the control group. This activation was statistically significant starting
from the 2nd hour (p<0.001). Notably, the highest levels of LDH activity were reached
at 32 hours in male rats (87,12+6,19 U mg* protein) and 64 hours in female rats
(105,42+13,4 U mg? protein). Although there was a decrease in LDH activity from these
time periods onwards, the activation continued until the end of the experimental period
(Figure 2A and 2B).
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Figure 2. LDH activity (U mg™ protein) in male (A) and female (B) rat kidney tissue under the influence
of Fenarimol. Statistically significant differences, **(p<0.01); ***(p<0.001).

¥ For each supernatant, activity values were measured in triplicate using spectrophotometer, and the
averages were calculated.

3.3. Effect of Fenarimol on LDH Activity in Brain Tissue

When the effect of Fenarimol on LDH enzyme activity in brain tissues was examined,
increases in LDH activity were observed in both male and female rats during all
experimental periods studied. Despite a decrease in LDH activity from 32 hours onwards,
the activation was observed to continue until the end of the experimental period. In male
rats, LDH activity was found to significantly increase in all periods except for the 2nd
hour (p<0.01 and p<0.001). The highest LDH activity was measured at 8 hours (Figure
3A) (55,58+9,17 U mg protein). In female rats, LDH activity in the brain was found to
significantly increase from the 1st hour onwards, reaching its peak at 32 hours
(57,94+5,20 U mg* protein), p<0.001; Figure 3B).
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Figure 3. LDH activity (U mg™ protein) in male (A) and female (B) rat brain tissue under the influence of
Fenarimol. Statistically significant differences, **(p<0.01); ***(p<0.001).

¥ For each supernatant, activity values were measured in triplicate using spectrophotometer, and the
averages were calculated.
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3.4. Effect of Fenarimol on LDH Activity in Small Intestine Tissue

When the LDH enzyme activity in the small intestine tissues of rats exposed to Fenarimol
was evaluated, an increase was observed in both male and female rats from the early
period (2 hours) compared to the control group. This increase in LDH activity was
statistically significant in all experimental periods, except for the last time period, in all
rats (Figure 4A and 4B). The highest activity was reached at the 8th hour in male rats
(6.57+£2.57 U mg-1 protein), while it was reached at the 2nd hour in female rats
(5.30+2.71 U mg-1 protein).
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Figure 4. LDH activity (U mg™ protein) in male (A) and female (B) rat small intestine tissue under the
influence of Fenarimol. Statistically significant differences, ***(p<0.001).

¥ For each supernatant, activity values were measured in triplicate using spectrophotometer, and the
averages were calculated.

Fenarimol is an agricultural pesticide used as a fungicide. Fungicides disrupt the integrity
of the fungal cell membrane or increase its permeability by targeting the fungal cell
membrane. This causes an imbalance in ions and molecules within the cell, leading to
disruption of energy metabolism in the cell. Additionally, they can interfere with the
respiratory processes of the fungus, thereby inhibiting energy production. They disrupt
the working system of electron carriers in the respiratory chain by inhibiting or activating
enzymes involved in respiratory processes [17]. There is limited information on the
effects of fenarimol on humans, and it is a chemical that requires careful use. Prolonged
or intense exposure to fenarimol can cause irritation in the respiratory tract, skin, and
eyes. Fungicides particularly affect processes such as growth, development, and energy
production, especially in the muscle and nervous systems [18].

In the study, it was found that LDH enzyme activity in the liver tissue increased
statistically significantly in both male and female rats from the beginning of the
experimental period (2 hours) until the end period, especially reaching the highest activity
level at 32 hours (p<0.001, Figure 1A and 1B). Fenarimol may cause damage to liver
cells and increase LDH activity. Cellular damage can occur when the liver tissue is not
provided with sufficient oxygen (ischemia), leading to an increase in LDH activity. It has
been shown that liver weight increases in rats, and serum enzymes, which are indicators
of liver toxicity, also increase [19]. A study showed that exposure to fenarimol resulted
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in activation of the GST enzyme in the small intestine, kidney, and liver tissues of rats,
while it caused inhibition in brain tissue [20]. In another study, an increase in
cholinesterase activity was suggested. In the same study, it was histologically shown that
the portal of the liver of animals given fenarimol was blocked with infiltration of
lymphocytes, indicating portal inflammation [21].

Similarly, in the study, LDH enzyme activity in the kidney tissue was observed to increase
consistently in male rats until 32 hours (p<0.001) and in female rats until 64 hours
(p<0.01), after which the activity levels decreased in the subsequent hours. However, it
was determined that activations in LDH enzyme activity continued until the end of the
experimental period compared to the control group in both male and female rats (Figure
2A and 2B). While metabolizing in the liver, fenarimol may have caused damage, either
itself or its metabolites, to the kidney, leading to cellular damage. Ahmed et al. (2002)
showed in their studies that fenarimol caused moderate swelling of kidney epithelium and
glomerular obstruction [21].

When the effect of fenarimol on LDH enzyme activity in small intestine and brain tissues
was examined, it was found that there was an increase in both male and female rats
compared to the control group in all experimental periods. Although there was a decrease
in LDH activity in the brain tissue from 32 hours onwards, activation continued until the
end of the experimental period. In male rats, LDH activity was found to increase
significantly in all periods except the 2nd hour (4th hour p<0.01 and other hours p<0.001).
The highest LDH activity was measured at 8 hours. In female rats, brain LDH activity
was found to increase statistically significantly from the 1st hour and peaked at 32 hours
(p<0.001; Figure 3A and 3B). Since the brain tissue is the control center of the body
hormonally, it can be considered that the necessary energy to send signals to the relevant
organs for pesticide detoxification is required, and this energy need may be met through
the LDH enzyme [22]. The maximum level of LDH enzyme activation in the small
intestine was observed around 8 hours, followed by a decrease in activation. However,
LDH enzyme activity in the small intestine was lower compared to other tissues (Figure
4A and 4B). This observation may be due to the relatively small role of the small intestine
in the detoxification mechanism due to its function in chemical digestion processes [23].
A study by Ar et al. (2017) showed that exposure to methyl parathion and fenarimol
increased glucose-6-phosphate dehydrogenase enzyme activity, which plays a role in the
metabolic pathway, in small intestine and brain tissues of rats. In another study, exposure
to fenarimol resulted in increased activities of serum creatine kinase (CK), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and aspartate aminotransferase
(AST) in rats [24, 25]. Dehydrogenase enzymes play crucial roles in detoxification,
metabolism, and various fundamental biological processes, including the biosynthesis of
energy macromolecules [26]. These enzymes are considered specific indicators of
damage for many tissues, especially hepatic dysfunction [27]. Increases in LDH activity
result in elevated levels of lactate and ATP [28]. Thus, it can be said that the energy
required by the liver and kidney tissues, primarily responsible for the detoxification and
elimination of pesticides, is obtained through the LDH enzyme.

One possible reason for the increase in LDH activity observed in different tissues may be

the effect on chromosomes and DNA. It has been shown that fenarimol affects DNA in
the leukocytes of rats and mice. This fungicide may cause DNA damage in a dose-
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dependent manner [29]. In a previous study, fenarimol was shown to induce DNA damage
in rat hepatocytes, leading to a significant increase in DNA opening [30]. Short-term
genotoxicity tests showed DNA damage, point mutations, and chromosomal
abnormalities [31, 32, 33]. An in vitro study conducted with rat and mouse leukocytes
also demonstrated that fenarimol affected the DNA of more than 50% of the cells and
caused damage [29]. It has been proposed that Fenarimol causes damage by inducing
oxidative stress [34].

During the experimental periods in our study, female rats exhibited higher LDH activity
in liver, kidney, brain, and small intestinal tissues compared to male rats. This difference
may be attributed to gender-specific metabolic and hormonal variations. In particular,
female hormones such as estrogen are known to influence tissue stress responses, enzyme
expression, and cell membrane stability. These findings suggest that female subjects may
respond differently to cellular damage or elicit a more pronounced enzymatic reaction to
toxic effects. Furthermore, this highlights the importance of considering sex-based
differences when evaluating toxicological outcomes.

4. Conclusion

In conclusion, it should be considered that exposure to fenarimol may be one of the
reasons for the high LDH activity observed in laboratory tests. It is possible to minimize
the harm to human health caused by fenarimol, widely used in agricultural fields, through
the food chain. Therefore, the amounts of fenarimol used in the fields must be determined
by agricultural engineers. Agricultural workers should also comply with these rules.
Additionally, pesticide residues in agricultural fields in Turkey must be controlled.
Pesticide use should be regulated to meet the maximum limits set by the European Union
for pesticide residues [35].
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