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Oxidative Stress, DNA Damage, and Apoptosis
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Investigation of Dimethoate Toxicity in Rat Brain and
Protective Effect of Laurocerasus officinalis Roem. Fruit
Extract Against Oxidative Stress, DNA Damage, and Apoptosis

SUMMARY

Dimethoate is an organophosphate insecticide that is used globally on
a wide scale in agriculture. It was associated with numerous negative
health effects in many studies. The brain is one of the target organs
Jor dimethoate exposure. The present study aimed to evaluate the sub-
chronic (60 days) toxicity of dimethoate (7 mglkg body weight) by
investigating its oxidative stress, DNA damage, apoptosis-inducing
effects, and histopathological changes in brain tissue of rats. We also
aimed to analyze the protective effects of Laurocerasus officinalis
Roem. (cherry laurel) fruit extract. To evaluate oxidative stress,
malondialdehyde (MDA) levels, as well as superoxide dismutase
(Cu-Zn SOD), glutathione peroxidase (GPx), and catalase (CAT)
antioxidant enzymes activities, were calculated. Experimental
results demonstrated that dimethoate treatment increased MDA
and decreased Cu-Zn SOD, GPx, and CAT enzyme activities,
suggesting its potency as an oxidative stress inducer in rat brain
tissues. Furthermore, comet and TUNEL assay results showed that
dimethoate stimulated DNA damage and apoptosis. Administration
of cherry laurel extracts protected against dimethoate-induced
oxidative stress, DNA damage, and apoprosis. The findings of the
current study are important in terms of demonstrating the beneficial
effects of L. officinalis extract against dimethoate toxicity in the
brain, considering the sensitivity of this organ to oxidative stress and
extensive usage of dimethoate.
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Dimetoat Toksisitesinin Sican Beyninde Aragtirilmast ve
Laurocerasus officinalis Roem. Meyve Ekstresinin Oksidatif Stres,
DNA Hasar ve Apoptoza Kars: Koruyucu Etkisi

0z

Dimetoat diinyada tarimda yaygin olarak kullanilan organofosfatls
bir insektisittir. Bir cok ¢alismada dimeroatin negatif saglik etkileriyle
iliskili oldugu belirtilmistir. Beyin, dimetoat maruziyeti igin baglica
hedef organlarimdan birisidir. Bu calismadaki amacimiz dimetoatin
(7 mglkg viicut agirligs) sub-kronik (60 giinliik) roksisitesini, sican
beyin dokular: iizerindeki oksidatif stres, DNA hasar: ve apoptoz
indiikleyici etkilerini ve histopatolojik degisiklikleri aragtirarak
degerlendirmektir. Ayrica Laurocerasus officinalis Roem. (taflan)
meyve ekstresinin koruyucu etkilerinin incelenmesi hedeflenmekzedir.
Oksidatif stres degerlendirmesi icin malondialdehit diizeyleri (MDA)
ile birlikte siiperoksit dismutaz (Cu-Zn SOD), glutatyon peroksidaz
(GPx) ve katalaz (CAT) antioksidan enzim aktiviteleri dlciilmiistiir.
Deney sonuglar: dimetoat muamelesinin MDAy arttirdigini ve Cu-
ZnSOD, GPxve CAT enzim aktivitelerini azalttigin gostererek, sican
beyin dokularinda etkin bir oksidatif stres indiikleyici olabilecegini
ortaya  koymaktadsr. Ayrica comer ve TUNEL deney sonuglar:
da dimetoatin DNA hasart ve apoprozu artturdiging gostermistir.
Taflan ekstresi verilmesi, dimetoat tarafindan indiiklenen oksidatif
stres, DNA hasar ve apoptoza karsi koruyucu etki saglamstir. Bu
calismada elde edilen bulgular, beynin oksidatif strese duyarliligs ve
dimetoatin yaygin kullanimi goz oniine almdiginda, L. officinalis
chstresinin  dimetoat toksisitesine karsi beyinde faydali etkilerini
gostermesi agisindan dnem tasimakzadsr.

Anabtar Kelimeler: Dimetoat, nirotoksisite, Laurocerasus
officinalis Roem., in vivo, DNA hasars, oksidatif stres
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INTRODUCTION

Dimethoate/DMT is an organophosphate insecti-
cide that is widely used in agriculture to protect plants
against the harm of insects and mites (Ozkara et al.,
2016). It acts by inhibiting acetylcholinesterase, an
essential enzyme for the normal function of the ner-
vous system (Grue et al., 1997; Eken, 2021). Because
of its persistence in soil and plants, widespread usage
of dimethoate became a risk for human and animal
health (Sharma et al., 2005b; Ahmad et al., 2022),
with residues of this pesticide on fruits, vegetables,
and drinking water can become chronic exposure
sources (Jiang et al., 2022). Previous studies reported
that dimethoate had toxicity on various organs and
systems, including the liver, lung, kidney, reproduc-
tive and immune systems (Bakir et al., 2020; Eken,
2021). Although dimethoate was banned in Europe,
it is still being used in several countries (USA, Brazil,
etc.) (Ahmad et al., 2022). Recently, the usage of di-
methoate was restricted in Turkey (T.C. TOB, 2022).

The brain is considered one of the primary target
organs for dimethoate and other organophosphates
(Yahia & Ali, 2018). Dimethoate is bioactivated to
more neurotoxic omethoate by the cytochrome P450
(CYP 450) enzyme system (Buratti & Testai, 2007;
Ahmad et al., 2022). In animal studies, it was shown
to cause oxidative stress, inflammation, and mito-
chondrial function damage in mice and rat brains
(Sharma et al., 2005a, 2005b; Astiz et al., 2009b, 2013).
The brain is especially susceptible to oxidative dam-
age due to having high levels of polyunsaturated fatty
acids (PUFAs) and insufficient free radical scavenging
capability (Astiz et al., 2009a).

Interest in studying the preventive effects of nat-
ural antioxidants, which are found in several plants,
against oxidative stress has increased over recent
years (Moure et al., 2001; Ahmadipour et al., 2021).
Laurocerasus officinalis Roem. (cherry laurel; “taflan,
karayemis or laz kirazi” in Turkish) is such a plant
native to the Black Sea coast of Turkey (Akkol et al.,
2012). Its fruits contain several antioxidant substanc-
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es, such as phenolics and ascorbic acid (Kolayli et al.,
2003; Alasalvar et al., 2005; Karahalil & Sahin, 2011;
Orhan & Akkol, 2011). Furthermore, it was previous-
ly reported that L. officinalis scavenged 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH), hydroxyl and super-
oxide radicals (Kolayli et al., 2003; Orhan & Akkol,
2011). It is known to have diuretic and anti-diabetic
properties, as well as several beneficial effects against
several illnesses, including gastrointestinal system
problems, bronchitis, eczemas, and hemorrhoids
(Kolayli et al., 2003). To the best of our knowledge,
the protective effects of this extract against in vivo
dimethoate toxicity in the brain were not previously

investigated.

Considering the above-mentioned information,
we aimed to evaluate whether sub-chronic dimetho-
ate exposure affects oxidative stress, apoptosis, DNA
damage, and histopathological alterations in brain
tissue. Moreover, we investigated for the first time
the potential protection of L. officinalis (LO) extract
in the brain against these toxic effects induced by di-

methoate in vivo.
MATERIALS AND METHODS
Chemicals

A commercial formulation of dimethoate (Koru-
magor 40 EC, 40%) was bought from Koruma Tarim
(Kocaeli, Turkey). All the other chemicals were ob-
tained from Sigma-Aldrich/Merck KGaA (Darm-

stadt, Germany) unless indicated otherwise.

Collection of plants and fruit extract prepara-

tion

Cherry laurel fruits were collected from the
Akgaabat district of Trabzon province. The plant was
identified by Dr. Ayse Baldemir Kili¢. The herbarium
specimen of the plant was vouchered in Ankara Uni-
versity Faculty of Pharmacy Herbarium (AEF 26257).
Fruit extracts were prepared similarly to the protocol
described by Bakur et al. (Bakar et al., 2020). Briefly, af-
ter drying, the fruit pulp was cut into small pieces and

macerated with methanol at room temperature. After
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constant stirring and filtration two times, a vacuum
with a rotary evaporator was used for drying filtrates.
Following lyophilization, lyophilisates were kept at

4°C until administration to animals in 0.9% NaCl
Animals and experimental design

Male Wistar albino rats weighing 200-250 g were
used in the current study. Animals were housed at 22-
24°C with 55-60% relative humidity on a 12 h light/
dark cycle in Erciyes University Animal Care Unit.
Rats had free access to standard laboratory chow and
tap water. This protocol was approved by Erciyes Uni-
versity Animal Ethics Committee (Decision Number:
12/82 and date 15.08.2022). All animal procedures
complied with directive 2010/63/EU. Sixty rats were
divided into six groups, with ten animals in each. All
compounds, freshly dissolved in saline (0.9% NaCl),
were administered to animals by oral gavage at in-
dicated doses in 1 ml saline for 60 days. Doses were
selected as 7, 100, and 4 mg/kg body weight (b.w)
for dimethoate, vitamin C and L. officinalis extract,
respectively, based on doses used in other studies
(Pourmorad et al., 2006; Sayim, 2007; Saafi-Ben Salah
et al., 2012). To evaluate its protective effects, LO ex-
tract was administered to two groups as either pre-
or post-dimethoate treatment. The dimethoate dose
used in our study, which is in line with doses in other
sub-chronic dimethoate neurotoxicity studies in rats
(Sharma et al., 2005b; Astiz et al., 2009a,; Arnal et al.,
2019), corresponds to approximately 2% of its LD,
considering LD, value for dimethoate is 310 mg/kg
(Eken, 2021).

Experimental groups were determined as follows:

Group 1: Control; administered 1 ml/day saline

daily for 60 days, per oral (p.o.)

Group 2: DMT; administered 7 mg/kg/day di-
methoate in saline for 60 days, p.o.

Group 3: LO; received 4 mg/kg/day LO fruit ex-

tract in saline for 60 days, p.o.

Group 4: LO,  + DMT; administered LO fruit ex-

tract 30 min before dimethoate treatment for 60 days,

p.o.
Group 5: Vit C + DMT; administered 100 mg/

kg/day vitamin C in saline 30 min before dimethoate

treatment for 60 days, p.o.

Group 6: DMT + LO_; given dimethoate alone
for 30 days, and then, dimethoate 30 min before LO
fruit extract for the next 30 days, p.o.

All animals were sacrificed 24 h after the last dose
under ketamine-xylazine (75 and 8 mg/kg b.w., re-
spectively) anesthesia. Whole brains were removed
and rinsed with ice-cold saline. Small sections of the
tissues were fixed in formalin for histopathological
examination. For the comet assay, sliced parts of brain
tissue were put into cold phosphate buffer saline to
get cell suspension immediately. The rest of the tissues
were stored at -80 °C until analysis of oxidative stress

parameters.

Determination of oxidative stress-related pa-

rameters

Brain tissues were homogenized in cold 1.15%
KCI with a homogenizer (IKA Ultra-Turrax T10,
Germany) to obtain 10% (w/v) whole homogenate.
Malondialdehyde (MDA) was determined by study-
ing a portion of the whole homogenate. The remain-
ing part of the homogenate was centrifuged at 20,000
x g for 25 minutes at 4 °C, and enzyme activities were
Lipid
peroxidation was determined spectrophotometrically
based on the method of Ohkawa et al. (1979). Thio-

barbituric acid-reactive substances level was indicated

determined by using obtained supernatant.

as MDA nmol/mg protein. To determine superoxide
dismutase (Cu-Zn SOD) activities, the method of Ar-
thur and Boyne (1985) was used with slight changes.
Glutathione peroxidase (GPx) activity was measured
by the method of Pleban et al. (1982), and the meth-
od of Aebi (1984) was used for the measurement of
catalase (CAT) activity. The determination of protein
contents of tissue homogenates and supernatants was
made based on the method of Lowry et al. (1951). En-

zyme activity results were given as U/mg protein.
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Evaluation of DNA damage with the comet assay

The comet assay was conducted in brain samples
according to the protocol of Singh et al. (1988) with
some modifications. Briefly, the single-cell suspension
of brain tissues was embedded in 0.8% low-melting
agarose on precoated slides with 0.5% normal-melt-
ing agarose. After lysing, unwinding of DNA, and
electrophoresis steps, the slides were stained with
ethidium bromide. To visualize DNA damage, one
hundred cells from two replicate slides were examined
under a fluorescent microscope (Olympus, BX51, Ja-
pan). To evaluate the images, comet assay software
(CASP-1.2.2) was used. Expression of DNA damage

was made as DNA percentage in tail (tail intensity).
Evaluation of apoptosis with TUNEL staining

Apoptosis was detected with terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL)
assay with In situ Cell Death Detection Kit (Roche,
UT, USA) following the manufacturer’s instructions.
Paraffin sections from the tissues were deparaffinized,
rehydrated, and washed in phosphate buffer saline.
After adding the TUNEL reaction mixture to speci-
mens in a humidified chamber, slides were incubated
with converter reagent and then with fast red sub-
strate solution (F4648, Sigma). TUNEL-positive cells
were identified and counted in ten randomly chosen
visual fields in each slide using Image J software at an
original x400 magnification. Examination of slides
was made with an Olympus BX51 microscope (Tokyo,
Japan).

Histopathologic assessment

Brain tissues were fixed in formalin (10%) and
embedded in paraffin. Paraffin portions were sliced
into 5 pm thickness and dyed with hematoxylin and

eosin. They were observed under a light microscope
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(Olympus BX-51, Japan) equipped with an Olympus
DP-71 (Japan) camera at x20 magnification for histo-

pathological changes.
Statistical analysis

All results were given as mean * standard error
of the mean (SEM). Analysis of statistical difference
was made through one-way ANOVA and Dunnett’s or
Bonferroni’s Multiple Comparison post-hoc test with
GraphPad Prism 9 (San Diego, CA). p<0.05 was con-

sidered significant.
RESULTS AND DISCUSSION

Oxidative stress is the underlying mechanism for
several diseases, including neurotoxicity (Rahal et al.,
2014). It happens when an imbalance between reac-
tive oxygen species (ROS) production and antioxidant
defense capacity occurs in a biological system (Sies,
1997). In the current study, MDA level was used as
an indicator of lipid peroxidation, whereas SOD, GPx,
and CAT enzyme activities were measured as cellular
defense mechanisms. These three enzymes are among
the first lines of cellular defenses against oxidative
stress (Ighodaro & Akinloye, 2018). As shown in Fig-
ure 1, dimethoate exposure led to a 73% increase in
MDA level relative to control (p<0.001). All three en-
zyme activities (Cu-Zn SOD, GPx, CAT) decreased by
25% (p<0.01), 45% (p<0.001), and 31% (p<0.05), re-
spectively, after dimethoate treatment. Pre-treatment
with both antioxidants ameliorated MDA induction
caused by dimethoate by 35% (p<0.001). Further-
more, LO post-treatment resulted in a significant
43% reduction in MDA levels (p<0.001). In terms of
enzymes, all antioxidant treatments rescued Cu-Zn
SOD, GPx, and CAT activities disturbed by dimeth-
oate. The range of increases in the enzyme activities
was 32-34% for Cu-Zn SOD (p<0.01), 57-65% for
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GPx (p<0.001), and 45-56% for CAT (p<0.05).
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Figure 1. Levels of oxidative stress-related parameters in rat brain tissues given DMT, LO, and Vit C. Data
were shown as mean + SEM. *p<0.05, #p<0.01, “**p<0.001 relative to control; *p<0.05, **p<0.01, ***p<0.001

relative to DMT group. DMT: dimethoate, LO: L.

officinalis fruit extract, Vit C: vitamin C.

As stated before, the nervous system is sensitive
to oxidative stress-induced lipid peroxidation because
of its containing large amounts of PUFAs and low an-
tioxidant capacity (Astiz et al., 2009a; Endirlik et al.,
2022). Dimethoate administration led to increased
MDA and depressed SOD, GPx, and CAT, which sug-
gested it had the potency to induce oxidative damage
in the brain tissues of rats. Under normal conditions,
an equilibrium exists between radical production

and antioxidant enzyme activities. When excess ROS

are produced in response to chemical exposure, this
equilibrium changes, depleting the body’s antioxidant
defenses (Rahal et al., 2014). Arnal et al. (2019) found
that dimethoate exposure elevated MDA levels in rat
brains, in agreement with our results. Likewise, in an-
other study with rat brains, dimethoate induced MDA
formation, along with reduced SOD activity (Astiz et
al., 2009a). In two different studies by Sharma et al.
(2005a, 2005b), acute and sub-chronic dimethoate
treatment induced lipid peroxidation and histopatho-
logical alterations in the brain, whereas SOD, GPx,

and CAT activities were found to be augmented, in
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contrast to our results. As mentioned before, dimeth-
oate is metabolized by CYP 450 enzymes, and ROS
were formed as a by-product of this process (Loida
& Sligar, 1993). Moreover, dimethoate was demon-
strated to induce CYP 450 isoenzymes, thus leading
to further ROS production and subsequent lipid per-
oxidation (Sharma et al., 2005b).

Oxidative stress and excessive ROS generation
might cause oxidative alterations, such as strand
breaks, in DNA, (Risom et al., 2005; Kryston et al.,
2011). In this study, dimethoate treatment caused a

67% increase in % DNA in tail, relative to the control

(A)

LO,,. + DMT

Vit C + DMT

(p<0.001) (Figure 2). Both antioxidants were shown
to protect against dimethoate-induced DNA damage,
with LO having more protection than Vit C (38%
vs. 24%, relative to the DMT group). Our findings
agree with another study where dimethoate exposure
caused DNA damage at 48 h in the brain tissue of
rats, in addition to MDA induction and GPx decrease
(Yahia & Ali, 2018). Previously, Dogan et al. (2011)
showed that dimethoate induced DNA damage in On-
corhynchus mykiss erythrocytes, which was discussed
as being associated with oxidative stress-generating

and alkylating properties of this chemical.
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Figure 2. Evaluation of DNA damage in rat brains with comet assay after administration of DMT, LO, and

Vit C. (A) Representative images of brain cells stained with ethidium bromide (x 200 magnification). (B) Bar
graph data of results obtained from comet assay. Data were shown as mean + SEM. #*p<0.001 compared to con-

trol; ***p<0.001 compared to DMT group. DMT: dimethoate, LO: L. officinalis fruit extract, Vit C: vitamin C.
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Apoptosis is the programmed death of cells, char-
acterized by changes in cellular morphology. The
production of ROS and the resulting oxidative stress
might play a critical role in regulating apoptosis path-
ways (Kannan & Jain, 2000). As shown in Figure 3,
our results indicated that the TUNEL+ cell percentage
increased 3.75-fold after single dimethoate treatment
relative to control (p<0.001). Pre-treatments with vita-
min C and L. officinalis rescued some of the TUNEL+
cell percentage caused by dimethoate by 46% and
53%, respectively (p<0.05), whereas post-treatment
of L. officinalis was not found to have any significant

protective effect. In a study with rat brains, dimeth-

(A)

oate exposure for 5 weeks (15 mg/kg b.w.) was also
shown to activate intrinsic apoptotic pathways (Ar-
nal et al., 2019). Regarding histopathological results,
the cerebrum of brain tissues showed normal histo-
logic architecture with the cell bodies of nerves in all
the groups except the DMT group (Figure 4). In this
group, nuclear pyknosis was observed in cerebrum
neurons. In another study made with rats, sub-chron-
ic dimethoate (30 mg/kg) exposure resulted in mild
ischemic changes (Sharma et al., 2005b). The higher
dimethoate concentration used in this study might

have caused the difference from our research.
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Figure 3. Apoptosis evaluation in brain tissue after administration of DMT, LO, and Vit C (A) Representative
images of TUNEL assay (x 400 magnification). Yellow arrows denote TUNEL + cells. (B) Semi-quantitative
analysis of TUNEL + cells. Data were shown mean + SEM. **p<0.001 compared to control; *p<0.05 compared
to DMT group. DMT: dimethoate, LO: L. officinalis fruit extract, Vit C: vitamin C.
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Figure 4. Histopathological examination of brain tissue in rats given DMT, LO, and Vit C. Yellow arrows in-

dicate nuclear pyknosis (x 20 magnification). DMT: dimethoate, LO: L. officinalis fruit extract, Vit C: vitamin C.

L. officinalis fruit extract was observed to pro-
vide significant protection against lipid peroxida-
tion, DNA damage, and apoptosis, in addition to the
restoration of antioxidant enzyme activities close to
control levels. These results might be attributed to
the antioxidant characteristics of LO extracts. Previ-
ously, we demonstrated fruit extract of this plant has
DPPH radical scavenging activity and high content of
phenolic compounds, which points to its antioxidant
property (Eken et al., 2017). Additionally, we used vi-
tamin C as a positive control (Bendich et al., 1986) in
our experiments which also demonstrated protection

against the harmful effects of dimethoate.
CONCLUSION

In conclusion, we demonstrated lipid peroxida-
tion, DNA damage, apoptosis, and depletion of anti-
oxidant enzymes caused by dimethoate in the brain
tissue of rats. Results obtained in the present study are
significant, considering the sensitivity of the nervous
system to organophosphate insecticide dimethoate
exposure and the widespread usage of this chemical
in agriculture, especially for occupationally exposed

populations. To the best of our knowledge, the an-
146

tioxidant effects of L. officinalis fruit extract against
dimethoate-induced neurotoxicity were shown for
the first time in vivo. However, further studies are re-
quired to confirm our findings, with a detailed analy-
sis of the role of components in the beneficial effects

associated with this plant extract.
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