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Highlights
« This article focuses on the effects of diflubenzuron on AChE activity of rat liver.
« Diflubenzuron is also harmful to some non-target organisms.
« This study will be able to guide research on biocidal products.

Article Info Abstract

Diflubenzuron is a commonly used larvicide/biocidal substance. The present study aimed to
Received: 16 Feb 2021 reveal the effects of diflubenzuron on Acetylcholinesterase (AChE) enzymatic activity and liver
Accepted: 12 Jan 2022 histopathology of a mammalian species (rats). The animals fed with various doses of

diflubenzuron and the liver tissues of rats were taken on the 10th, 20th, 25th, 45th days and sixth
month. AChE activity of liver was measured by spectrophotometer. Tissues were embedded in

Keywords Avraldite 502 (Sigma), took ultrathin sections, and examined under a 100 CX Il Transmission
Diflubenzuron Electron Microscope. AChE activity in the chronic dose of diflubenzuron group was like that in
Rat the control group. The enzymatic activity in the subacute dose was found to be significantly
Liver ultrastructure different from the control group. After subacute dose exposure was terminated, the AChE activity
Acetylcholinesterase was still lower on the 45th day compared with the control group. Chronic and subacute doses
enzymatic activity caused adverse effects to liver tissues, such as numerous mitochondria, abnormally structured

nuclei in the hepatocytes and many lipid droplets in the sinusoids of the liver ultrastructure. After
the subacute dose was terminated, liver damage was still observed on the 20th and 25th days, but
the liver tissue was partly regenerated on the 45th day. Cellular damage might recover after 45
days, but AChE activity probably takes more time to reach a normal level.

1. INTRODUCTION

Insecticides are pesticides that are formulated to kill, harm, repel or mitigate one or more species of insects
[1-3], and they are commonly used to protect against insects in households, restaurants, hospitals, farms,
warehouses, etc. These substances are also important for preventing insect-borne diseases [4-6]. Highly
effective insecticides act on targets specific to nerves, muscles, liver structure, and oxidative stress [7-13].
The insecticide IGR (insect growth regulator), which is thought to have minimal effects on the environment
and non-target organisms, has been used in the control of insects [14]. For this reason, these substances are
widely used in water sources such as sewage, lakes, ponds, and rivers [15]. World Health Organization
(WHO) recommended that dosage of diflubenzuron in potable water in containers should not exceed 0.25
mg/l [16]. Diflubenzuron (a well-known IGR) has been reported to have a more harmful effect on mosquito
larvae and less of an effect on non-target organisms such as aquatic organisms, bees, fish, reptiles, birds,
and mammals [12, 17-19].

Most of the biocidal products are cholinesterase inhibitory [20, 21], especially the organophosphates and
the carbamates, which show strong anti-cholinesterase activity by inactivating both acetylcholinesterase
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and butyrylcholinesterase [22]. There are some reports that diflubenzuron shows similar effects on AChE
enzymatic activity levels compared to organophosphate and carbamate groups [23, 24].

A dose of 25 mg of diflubenzuron was applied to freshwater fish (Prochilodus lineatus), and it was
determined that this dose decreased the muscle AChE enzymatic activity level in the fish. The LCs dose
was reported that caused a 44% decrease and the LCgqo dose 55% decrease in the AChE enzyme activity
level of mosquitofish (Gambusia affinis) [23]. However, there is no available record about the effect of
diflubenzuron on mammalian AChE enzymatic activity levels. It is also unknown exactly what kind of
damage is caused to mammalian tissues by random environmental exposure.

An adverse effect of diflubenzuron on the liver structure of Swiss Webster mice was reported by observing
hepatocellular vacuolization between the portal and central area via light microscopy and increased rough
endoplasmic reticulum (RER) organelles in the hepatocytes by Transmission Electron Microscope [25].
The effects of Curacron (profenofos), Sumicidin (fenvalerate), and Diflubenzuron (Dimilin) on the liver
and muscles of rabbits were determined by RNA and protein synthesis in vitro [26]. According to the
results, the synthesis of these molecules was induced in the liver, whereas they were inhibited in the
muscles, and diflubenzuron was reported to have a maximum effect on the liver and muscle tissue among
the insecticides used.

Therefore, the present study aimed to reveal the effect of diflubenzuron on AChE enzymatic activity and
liver histopathology in Wistar rats.

2. MATERIAL METHOD

Adult male rats (Wistar albino, 7-9 weeks old, 200-230 g body weight) were used in this study after ethical
approval from The Local Ethics Committee (Decision No: 2015-18-134) on Animal Experiments of Ankara
University. Animals were quarantined for seven days before experiments [27]. All animals were sacrificed
under ether anestesia. The animals (total: 36 individuals) were divided into 6 groups:

1) Control group rats: Peanut butter was given daily to the control group and then sacrificed after 10
days,

2) Second group rats (Subacute dose group) (25 mg/kg/day dose): Diflubenzuron in peanut butter
was given to rats and after 10 days they were sacrificed,

3) Third group rats (25 mg/kg/day / dose): Diflubenzuron in peanut butter was given to rats and after
20 days they were sacrificed,

4) Fourth group rats (25 mg/kg/day dose): Diflubenzuron in peanut butter was given to rats and after
25 days they were sacrificed,

5) Fifth group rats (subchronic dose) (25 mg/kg/day dose): Diflubenzuron in peanut butter was given
to rats and after 45 days they were sacrificed,

6) Sixth group rats (Chronic dose group) (25mg/kg/day dose): Diflubenzuron in peanut butter was
given to rats for six months.

The acetylcholinesterase (EC 3.1.1.7) enzymatic activity of rats was measured according to the Ellman
procedure [28]. Six measurements were performed every 30 seconds for this solution with a
spectrophotometer (Bio Drop Touch Duo Biochrom LTD, USA) at a wavelength of 405 nm. The
measurements were applied to the formula [differences between the readings x 23.460= result (u/1)], and
according to this formula, the enzymatic activity was detected. The activity measurements were analysed
by ANOVA (one-way ANOVA). Liver tissue samples of the rats were excised carefully and fixed with
2.5% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.2) and postfixed in 1% osmium tetraoxide
solution. Fixed tissues were dehydrated and embedded in Araldite 502 (SIGMA) [29]. Ultrathin sections
were examined under a 100 CX Il Transmission Electron Microscope (JEOL, Tokyo, Japan) at 80 kV, and
all images were acquired using a side-inserted camera (EMSIS Veleta, Germany) from the Biology
Department, Faculty of Science, Ankara University. Chemicals for electron microscopy were purchased
from Electron Microscopy Sciences (EMS).
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3. RESULTS

Diflubenzuron is one of the most used insect growth regulators applied in every kind of aguatic system,
(clear water, pond, and sewage), to for larvae management. It is thought to be harmless to non-target animals
such as mammals. For this purpose, the effects of diflubenzuron on the AChE enzymatic activity and liver
histopathology in mammals were investigated using rat blood and liver tissues, respectively. AChE
enzymatic activity was measured to vary from 563 u/ml to 586.5 u/ml in the control group of rats. Two
different doses (chronic and subacute doses) were given to rats to determine the effect on AChE enzymatic
activity. The first dose was 25 mg/kg diflubenzuron, which was added to rat food and was consumed for
10 days by the rats. This dose is considered as a subacute dose due to the LDso value (4.64 g/kg). Then, the
AChE enzymatic activity was measured in the blood samples (n: 6). The AChE enzymatic activity values
(n: 6) were found in the range of 258 u/ml to 351.9 u/ml with an average value of 305 u/ml. These values
were found to be statistically significant compared to the control group (P<0.05). Measurements of AChE
enzymatic activity were performed on the 10th, 25th, and 45th days. The results showed that the values of
AChE enzymatic activity were still markedly lower (average 307.3 u/ml) than the control group after 45
days of exposure. The AChE enzymatic activity was determined to be between 586.5 u/ml and 656.9 u/ml
in the chronic dose group rats. These values were not statistically significant from the control group by
ANOVA (P>0.05). However, the rats exposed to chronic doses showed some morphological signs, such as
skin redness, hair loss, eye irritation, and movement difficulty, after 6 months.

We examined the liver ultrastructure of the control and diflubenzuron-exposed groups to reveal the effects
of diflubenzuron. In the control group rats, the liver had normal ultrastructures, such as hepatocytes with
oval-shaped nuclei, rough endoplasmic reticulum (RER) cisternae, same-sized mitochondria and the regular
sinusoidal area shapes (Figure 1).
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Figure 1. Liver of control group rats with hepatocytes (H) and sinusoidal area (S). Rough Endoplasmic
Reticulum (double white arrow), Mitochondrium (white arrow), Nucleus (N), Nucleolus (n), Glycogen

(black arrow). X 5200

It was observed that hepatocytes contained large/small mitochondria that contacted each and invaginations
of the nuclear envelope (Figure 2a). There were different cells (erythrocytes, Kupffer cells), cellular
residue, and accumulation of condensed material in the sinusoidal area of the rat livers of the second group
(subacute dose group). Additionally, around the sinusoidal area, the hepatocytes had enlarged RER
cisternae organelles (Figure 2b). These organelles may synthesis enzymes for the elimination of the adverse
effects of diflubenzuron.
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Figure 2. (a) The liver hepatocyte of second group rat micrograph showed that there were contact each
other mitochondria (thin arrow) and invagination of nuclear envelope (thick arrow). X. 15000 (b) Kupffer
cell (Kp), irregular shape Erythrocytes (E) and cellular residue (arrow) in the sinusoidal area (S) and
hepatocytes with enlarged RER cisternae (arrowhead) were seen in the liver of second group rats.

X 8000

The third group (after 20 days diflubenzuron administrated) rat livers had detrimental structural effects
caused by diflubenzuron. For example, the hepatocytes had numerous lysosomes, and the sinusoidal area
of the rat livers had a few erythrocytes (Figure 3a). Hepatocytes had numerous vacuole organelles (these
vacuoles may be mitochondria with melted cristae) as a sign of disorder in cellular structure. Cellular
residue, lipid droplets, and Kupffer cells were seen in the sinusoidal area of the rat livers (Figure 3b).

A 2 R P SO ¥ Fia o
Figure 3. (a) The hepatocyte with lysosome organelles (arrows) and nucleus (N), and there are
erythrocytes (E) in the sinusoidal area of third group rats liver. X. 6000 (b) The livers had hepatocyte
with numerous vacuole organelles (V) and sinusoidal area with cellular residue (arrow), Kupffer cell

(Kp), erythrocytes (E), lipid droplets (L). X 8000

The fourth group (25 days after diflubenzuron administrated) rat livers showed abnormal ultrastructure. For
example, the RER of the hepatocytes were numerous and enlarged and placed around the nucleus, probably
because the organelles synthesized an enzyme against diflubenzuron toxicity. Additionally, this cell had
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lysosomes and mitochondria that each contacted and placed among the RER. The nucleus of these cells had
abnormal ultrastructures, such as the invagination of the nuclear envelope and an irregular shape (Figure
4).

Figure 4. Enlarged RER cisternae (RER) IysoSorﬁ (arrows), each contacted to mitochondria (M) and
ondulated shape of nucleus (N) in liver hepatocyte of fourth group rat. X 10000

The hepatocytes of the fifth group (45 days after diflubenzuron administrated, subchronic dose group) rat
livers had a polygonal pattern completely free from the effects of diflubenzuron (Figure 5a). Besides, the
hepatocytes of this group of rat livers had an enlarged RER and mitochondria among the RER (Figure 5b).
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Figure 5. (a) Liver hepatocyte cells (H) were lined up properly and these cells had normal ultrastructural
morphology as a sign of healing. X. 15000 (b) A lot of enlarged rough endoplasmic reticulum (RER)
cisternae and nucleus (N) with enlarged perinuclear space (arrows) in active liver hepatocyte of the
subcronic dose group rats. X 8000

4 oo )

The liver sections of the sixth group (chronic dose of diflubenzuron rats group) showed that numerous
mitochondrium in their hepatocytes. In sinusoidal areas of these group rats, the formation of lipid droplets
was seen connecting, which is thought to be due to the toxic effects of diflubenzuron. Numerous lipid
droplets were seen in the sinusoidal area, and Kupffer cells phagocyted these lipid droplets (Figure 6a).
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Kupffer and neutrophil cells were seen together in the sinusoidal area of the liver. It was thought that these
cells pinocyted the toxic material diflubenzuron (Figure 6b).

Figure 6. (a) Lipid droplets connect to each other (L) erythrocyte (E) and phagocyt05|s (arrows) of I|p|d
droplets by Kupffer cells (Kp) in sinusoidal area (S), RER and mitochondrium (M) in the hepatocytes. X.
6000 (b) Kupffer cells (Kp) and neutrophil cell (N) in sinusoidal area liver of chronic dose of
diflubenzuron rat group. X 7200

In the liver sections of rats exposed to a chronic dose of diflubenzuron, some cytological signs to eliminate
the toxicity of diflubenzuron were seen; as signs of immunity to diflubenzuron toxicity, an increase in
lysosomes in the Kupffer cell in the sinusoidal area, and many RER cisternae in the hepatocytes were

observed by transmission electron microscope (Figure 7).

Figure 7. Kupffer cell (Kp) with Iysosomes organelles (arrows) and active hepatocytes with numerous
rough endoplasmic reticulum (RER) organelles in the liver results from chronic dose of diflubenzuron.
Mitochondrium (M). X 8000
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4. DISCUSSION

In this study, the effect of diflubenzuron, an insecticide, on liver cell structure and AChE enzyme of rats
was investigated. The liver is a major organ where toxic substances are eliminated. It is known that
insecticides (organochlorine, organophosphate, and carbamate groups) inhibit the AChE enzyme activity
[20,30-34]. Dieldrin (an organochlorine insecticide) was reported that reduced AChE enzyme activity in
the brain of Mus booduga [35]. Similarly, we detected that subacute doses of diflubenzuron reduced the
AChE enzymatic activity in rats.

The effect of cyanophos (organophosphate group) on the activities of the enzymes AChE, aspartate
transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase (ALP) of rats was investigated,
and it was observed that AChE enzyme activity was inhibited at the end of the third day, and no recovery
occurred by the end of the 15th day [36]. Our findings reveal that chronic exposure had no effect on AChE
enzyme activity, but subacute exposure caused an approximately 43% reduction in acetylcholinesterase
enzymatic activity in rats.

The acute effects of diflubenzuron on muscle AChE activity, detoxification, antioxidant enzymes,
hematological and physiological parameters, and liver histopathology of the freshwater fish Prochilodus
lineatus were studied [23]. It was reported that the muscle AChE enzymatic activity of freshwater fish
decreased after 6, 24, and 96 hours of diflubenzuron exposure. Additionally, the levels of erythrocytes and
hemoglobin decreased at the end of 96 hours, whereas the nuclei and cellular densities, cytoplasm, and
nucleus degenerations increased. These findings from fish supported our results indicating sub-acute doses
reduce the AChE enzymatic activity in rats.

Different doses (125, 500, and 2000 mg/kg body weight) of diflubenzuron were reported that caused an
increased number of swelled mitochondria, decreased matrix density, and increased RER in the liver [25].
In our study, subacute dose, 20 and 25 days after of diflubenzuron caused a large number RER and
mitochondria in the hepatocytes. Kupffer cells, lipid droplets, and erythrocytes were also found in the
sinusoidal area.

Ulusoy et al. [37] examined the effect of diazinon on rat hepatocytes under electron microscopy. At the end
of various application periods of diazinon in rat liver, pycnotic nuclei formation in hepatocytes, loss of
material in cytoplasm and increased volume in mitochondria were observed. In our study, similar findings
were found at subacute dose.

The effects of different doses of Permethrin, a pyrethroid-derived insecticide, on mouse liver and spleen
cells were investigated. It has been reported that Permethrin causes shrinkage of nuclei in the hepatocytes
of mice and the formation of waste material in the cytoplasm and proliferation of Kupffer cells in the space
of disse [38]. In this study, it was determined that subacute dose of diflubenzuron caused degeneration and
increase of Kupffer cells in rat liver hepatocytes.

Atlantic cod (Gadus morhua) were exposed to diflubenzuron and teflubenzuron to Kill its parasite
(Lepeophtheirus salmonis). Researchers applied low doses (3 mg kg-1 fish) of diflubenzuron to Atlantic
cod for 14 days followed by a 3-week depuration period. The strongest effects were observed on day 8, and
the highest diflubenzuron concentrations were found in the liver on day 15 [39]. We observed that a
subacute dose (25 mg/kg for 10 days) of diflubenzuron affected liver hepatocyte structure with increased
mitochondria, nuclear degeneration and Kupffer cells with lysosome organelles in the liver sinusoidal area.
Liver damage lasted 10 days after termination of the exposure processes, but after 25 and 45 days, the livers
began to heal.

The effect of diflubenzuron on nontarget animals by applying 0, 2, 4 and 8 mg/kg doses of diflubenzuron
to adult male rats was investigated. The sub-acute doses of diflubenzuron affected rats differently. Sperm
morphology, epididymis, liver, and kidney histology showed no abnormal structures, while testicular
weight and sperm production decreased in the rats [40]. Our results from a sub-acute dose showed that
diflubenzuron is harmful in many ways to the cell ultrastructures of the rat livers.
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The findings for example infiltration, vacuolisation, enlarged sinusoids, and necrosis are seen in female
albino rats administrated to triazophos [41]. Some histological damages in livers of fish and rats exposed
to sub-lethal doses of diazinon for a long time were reported [9, 42]. The observations of authors were such
as damage in Disse's space and necrosis, changes in nuclear shape, heterochromatin distribution of
hepatocytes in the liver of organisms. Effects of Dimethoate on rats’ liver were examined in light
microscope, the author was reported a histopathological change such as mononuclear cell infiltration, many
Kupffer cells and dilatation in sinusoids of liver and necrosis, cytoplasmic vacuolisation, and degeneration
of nuclei in hepatocyte of rat livers [43]. Subacute and chronic doses of organophosphorus pesticides were
reported that they had harmful effects on the liver structure in various organisms [44]. In this study, we
observed same histopathological findings such as numerous Kupffer cells in sinusoidal area, necrosis,
cytoplasmic vacuolisation, degeneration of nuclei in hepatocytes of rat livers administrated acute doses of
diflubenzuron. When a chronic dose of diflubenzuron was applied to rats, and no morphological changes
were observed in the liver structure, but the hepatocytes had increased mitochondria and RER organelles
as signs of the presence of diflubenzuron.

This study revealed that a subacute dose of diflubenzuron affected serum AChE enzyme activity and liver
histopathology in rats, whereas chronic doses of diflubenzuron had no effect on AChE activity or liver
histopathology. It could be said that our study, along with references, will be able to guide research on
biocidal products, which are thought to be less harmful to non-target organisms.
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