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Abstract

Aim: Deltamethrin (DM) is an insecticide and is widely used around the world. Rosmarinic acid (RA) is found in herbs and spices in
the Lamiaceae (mint) family and has antioxidant, antiinflammatory and antiapoptotic effects. We objective to examine the protecting
efficacy of Rosmarinic acid in preventing the toxic effects of Deltamethrin.

Material and Methods: In ours study we used 28 male rats. Group 1: Control group, Group 2: RA group, RA was given 20 mg/kg peroral
(p.o.) for 7 days, Group 3: DM group, 35 mg/kg/dose of DM was given 24 hours before sacrification as a single dose by gavage, Group
4: RA+ DM group.

Results: BUN, creatinine, AST and ALT values of the RA+DM group were lower than the DM group. TAS and TOS grades were higher
in the DM group matched to the RA+DM group. The damage scores of the DM group were higher aacording as those of the RA+DM
group.

Conclusion: RA has been shown to have predicative influence in the therapy of deltamethrin-induced nephrotoxicity and hepatotoxicity.
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INTRODUCTION

Deltamethrin (DM) is a widely used insecticide for
protecting plants against ants, insect, etc. Additionally, it
is topically used as an ectoparasiticide to control vector-
borne diseases in farm animals (1). DM is generally
preferred in the first place among insects because it has
rapid metabolism and high efficiency on harmful insects
(2). Consuming water or food contaminated with DM can
cause serious harm (3). In their studies, Tuzmen et al and
Tos-Luty et al have revealed that DM administration to
the rats affects hepatic lipid peroxidation and antioxidant
defense system and this causes generation of free oxygen
radicals, and the destructive effects in liver and kidney
textures were occured owing to these free oxygen radicals
(4,5).

CITATION

RA was firstisolated and purified in 1958 from Rosmarinus
officinalis by two Italian chemists, Scarpati and Oriente,
who then named it according to the plant that they isolated
it from (6). RA is soluble in water and found in herbs and
spices like Rosmarinus officinalis L. (rosemary), Thymus
vulgaris L. (thyme) etc. (7). RA has multiple effects, such
as antioxidant (8), antiinflammatory (9) and antiapoptotic
(10) effects. RA was found to be effective in preventing
liver damage due to diabetes (11), tertbutyl hydroperoxide
(12), and carbon tetrachloride (13). Lee et al. revealed that
Rosmarinic acid has protective effects against hydrogen
peroxide-induced neurotoxicity, with Bcl-2 downregulated
but Bax upregulated (14).

In this study, we examined to RA intake in the results of
DM that occur on the liver and kidney tissue damage.
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MATERIAL AND METHOD
Chemicals

Deltamethrin (Butox® 50 mg/ml) was puechased from
Intervet Co. (France), and RA was obtained from Sigma
Aldrich Inc.

Animals and Experiment Procedure

Twenty-eight male Wistar Albino rats were used. Rats
were permitted to eat standard chow ad libitum during the
experiment. The rats were protected in steel cages, at 21
C, with alternating 12 hr light/dark cycles, subsequently
all rats were placed under general anesthesia by
intraperitoneal (i.p.) administration of Ketamine HCI (90
mg/kg, Pfizer Inc, USA) + Xylazine HCI (10 mg/kg, Bayer
Health Care AG, Germany).

The animals were randomly divided into 4 equal groups:

Group 1 (n=7): Control Group; no experimental procedure
was applied.

Group 2 (n=7): RA group; rats were administered 20 mg/
kg/day of RA by gavage for 7 Days (15).

Group 3 (n=7): DM group; on the 7th day of the experiment,
the rats were administered 35 mg/kg DM by gavage once,
and 24 hours later the rats were sacrificed (16).

Group 4 (n=7): RA + DM group; the rats were administered
RA for 7 days, 1 hour later a single dose of DM was given
and 24 hours later the rats were sacrificed.

Collection and Staining of Tissue and Blood Samples

Liver tissues, kidney tissues were taken for pathological
examination. We took blood samples from the all rats.
The liver and kidney tissues taken were fixed in containers
containing 10% buffered formol. Tissue samples washed
in runing water after fixation were examined with routine
histological examinations. routine histological examined
with dyes Hematoxylin & Eosin (H&E) protocols for
histological evaluation and Periodic Acid Schiff (PAS).
Tumor Necrotizing Factor-a (TNF-a) (Santa Cruz, Cat
no:sc-52746) antibodies were used to show inflammatory
changes in immunohistochemical studies, and Apoptotic
protease activating factor-1 (APAF-1) (Santa Cruz, Cat
no:sc-65891) antibodies were used for proapoptotic
changes.

Biochemical Analysis
Total Antioxidant (TAS) and Total Oxidant (TOS) Levels

Kits were used from Rel Assay Diagnostics for both TAS
and TOS levels measurement with Erel's method (17,18).

Liver and Kidney Function Tests

On account of demonstrate liver functions, alanine
aminotransferase  (ALT) enzyme and aspartate
aminotransferase (AST) enzyme levels were evaluated.
Blood urea nitrogen (BUN) and Creatinine (Cre) levels were
evaluated to evaluate kidney functions.
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Histopathological analysis
Liver damage was classified as follows:

Hepatic damage was assessed using a grading system as
follows:

* Grade 0: The tissues were normal.

*Grade 1: The injury was mild with pycnosis and
cytoplasmic vacuoles.

‘Grade 2: Moderate damage without cytoplasmic
vacuoles, hepatocytes swelling, sinusoidal dilatation and
congestion, and no obvious necrosis.

‘Grade 3: Moderate damage with signs of extensive
sinusoidal dilatation and congestion, with coagulation
necrosis.

*Grade 4: There was severe damage with loss of tissue
integrity (19).

Renal damage was classified as follows:
*Grade 0: The tissues were normal.

*Grade 1: Nuclear loss due to swelling in 1/3 of the cells
in the tubules.

*Grade 2: Nuclear loss due to swelling in 2/3 of the cells
in the tubules.

+ Grade 3: Greater nuclear loss due to swelling in more
than 2/3 of the cells in the tubules (20).

Immunohistochemical Analysis

After routine histological tissue follow-up, 5 pm thick
sections of liver tissues was taken on positively charged
slides. Sections were heated in ethylenediamine tetraacetic
acid (EDTA) solution for 1 minute in a microwave oven
for antigen retrieval treatment and then cooled at room
temperature for 15 minutes. The sections were washed in
buffered phosphate saline (PBS) solution. Then, the tissues
in the sections were drawn with a hydrophobic pen and
lined up on the bar. Endogenous peroxide blockade was
performed for 20 minutes by dripping 3% H202 prepared
in methanol on the sections. Sections were washed in PBS
for 3x5 minutes.

The sections were incubated for 7 minutes by dripping
in Ultra V Block solution (Thermo). The Blocking solution
was then removed from the sections. The samples were
incubated for a night at +4 °C with primary antibodies
APAF-1 (Santa Cruz, Cat no:sc-65891) and TNF-a (Santa
Cruz, Cat no:sc-52746) diluted 1/250 with antibody diluent
(Thermo) without washing the samples.

In immunohistochemical analysis;

Immunoreactivity prevelance of the tissues were scored
as; 0.1 (<25%), 0.4 (26-50%),
0.6 (51-75%), 0.9 (76-100%)

Immunoreactivity severity was leveled as; 0: none,
+0.5: very little, +1: little, +2: moderate, +3: severe. The
histoscore was created by using the formula:
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Histoscore=PrevalencexSeverity (21).
Statistical Analysis

We used SPSS program for statistical analyzes (Chicago,
IL, USA) . Normally distributed measurements was done
by One-Way Analysis of Variance (ANOVA), and non-
normally distributed measurements by Mann Whitney-U
test. It was considered significant in case of p<0.05 value.

RESULTS

AST, ALT, BUN and Creatine Values

AST, ALT, BUN and Creatine values of the RA+DM group
was lower than the DM

group's (p<0.05) (Table 1).
TAS and TOS Values

We found that TAS and TOS levels were higher in DM group
then the RA+DM group (p<0.05) (Table 1).

Med Records 2023;5(2):400-5

Histopathological Evaluation

Histopathological evaluation of kidney tissues revealed
fibrosis in the glomerular area, impairment in the tubules,
pycnosis in the endothelial cells, and inflammatory
cell infiltration and congestion in the DM group. In the
RA+DM group; the glomeruli appeared near normal, and
the proximal and distal tubules were normal. However,
inflammatory cell infiltration continued at a mild score.
We tracked that the kidney damage measuremed of the
DM group was higher than the RA+DM group (p<0.05)
(Figure 1). In liver tissues; Pycnotic cells were observed in
the DM group. Inflammatory cell infiltration, dilatation and
congestion were observed around the vena centralis, where
the radial alignment of the cell cords was disrupted. In the
RA+DM group, it was tracked that the radial alignment of
the cell cords improved, while the congestion continued.
Endothelial cells around the sinusoid were normal (Figure

Table 1. Meantstandard deviation values of AST, ALT, BUN, Creatine, TAS and TOS values

GROUPS BUN (mg/dl)  Cre (mg/dl) AST (u/l) ALT (u/l) TAS (umol H202 equivalent/L) TOS (mmol Trolox equivalent/L)
Control 54.42+2 .37¢4 0.58+0.02¢ 168.85+12.81¢ 61.14+9.42¢ 1.29+0.07<4 19.86+9.67<¢

RA 56.42+2.82 0.56%0.03¢ 165.00+7.65¢ 61.42+6.05¢ 1.36+0.10¢ 18.28+3.78¢

DM 95.28+18.14*>4  0.85+0.09**¢  524.71+81.16>°¢  91.57+6.80*P4 1.90+0.08204 82.66+18.2720d
RA+DM  67.85+4.52<  0.60+0.04*P<  225.85+32.572b¢ 70.00+5.68¢ 1.48+0.10%¢ 46.44+12.26*b<

AST; Aspartate aminotransferase, ALT; Alanine aminotransferase, Cre; Creatinine, BUN, TAS; total antioxidant capacity (umol H202
equivalent/L), TOS; total oxidant capacity (mmol Trolox equivalent/L) results are expressed as Mean £SD. a: There is a difference with the
control group, b: There is a difference with the RA group, c: There is a difference with the DM group, d: There is a difference with the RA+DM

group

Figure 1. Light microscopic images of kidney tissues. First row: H&E, Second row: PAS, Third row: TNF-a, Fourth row: APAF-1. A: Control Group,
B: RA Group, C: DM Group, D: RA+DM Group. Fibrosis in the glomerular area (black arrow), degeneration of the proximal tubules (red arrow),

degeneration of the distal tubules (green arrow), inflammatory cell infiltration (yellow arrow), congestion (blue arrow). Intense expression in the
glomerular area (white arrow), intense expression in the proximal tubules (Brown arrow), intense expression in the distal tubules (purple arrow)
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2). The liver damage grade of the DM group was higher
than that of the RA+DM group (p<0.05).

Examination of the Periodic acid Schiff (PAS) defilementing
of kidney tissues under a light microscope revealed a
narrowing in the Bowman's space in the DM group, while
this narrowing improved in the RA+DM group (Figure 1). In
the liver tissues, there was degeneration and deterioration
in the basement membrane structure of the DM group,
and the glycogen density decreased. It was observed
that basement membrane integrity and glycogen density
started to develop in the RA+DM group (Figure 2).

Immunohistochemical Evaluation
Immunohistochemical examinations of kidney tissues
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revealed that; while intense positive TNF-a expressions
were observed in the cytoplasm of glomerular cells in the
DM group, similarly intense positive TNF-a expressions
were present in the tubules. The expressions were milder
in the RA+DM group, than that in the DM group. When
TNF-a and APAF-1 histoscoping was carried out, it was
monitored that the expressions in the RA+DM group were
lower than those in the DM group (p<0.05) (Figure 3). In
immunohistochemical examinations of liver tissues;
intense TNF-a and APAF-1 expressions were observed in
hepatocyte nuclei and cytoplasm, while expressions were
milder in the RA+DM group compared to the DM group
(Figure 3).

Figure 2. Light microscopic images of liver tissues. First row: H&E, Second row: PAS, Third row: TNF-q, Fourth row: APAF-1. A: Control Group, B: RA
Group, C: DM Group, D: RA+DM Group. Congestion (green arrow), dilatation (blue arrow), mononuclear cell infiltration (yellow arrow), disruption of
basement membrane integrity and degeneration (black arrow), decrease in glycogen density (red arrow). Intense expression in hepatocyte nuclei
and cytoplasm (gray arrow), intense expression in endothelial cells (purple arrow)
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Figure 3. Average analysis graph of liver and kidney tissues with histoscoring
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DISCUSSION

Rosmarinic acid (RA) is isolated from herbal balm mint
plants, such as Rosmarinus officinalis, Melissa officinalis,
and Prunella vulgaris L. (22, 23). It is a naturally occurring
hydroxylated compound  with  anti-inflammatory,
anticancer, antimutagenic, antibacterial, and antiviral
activity (24, 25). Deltamethrin (DM) is a synthetic
insecticide with a wide range of uses. Contaminated
water and food are the leading sources of exposure to this
pesticide (3). The main organ in which DM is metabolized
is the liver, and the kidneys provide the excretion of its
metabolites (26). We noted that DM showed toxic effects
on either liver or kidney tissues after administering a dose
of 35 mg/kg.

In their study, Yousef et al. and El-Demerdash et al
observed that DM toxicity increased serum AST and ALT
values (27, 28). In our study serum AST and ALT levels
were seen to be higher in the DM group compared to the
other groups. Domitrovic R et al. revealed that the serum
ALT level of the RA group was close to normal (13). In our
study, the serum AST and ALT levels of the RA+DM group
were lower than the DM group.

In their study Aydin et al. a single acute thiacloprid dose
of 112.5 mg/kg (aT) a subacute thiacloprid dose of 22.5
mg/kg (sT), a single acute deltamethrin dose of 15 mg/
kg (aD), a subacute deltamethrin dose of 3 mg/kg (sD),
or combined dose of these pesticides at the same rates
by gavage to rats. They monitored that there was an
improvement in serum BUN and creatine values when rats
were subjected to DM at a dose of 3mg/kg for 30 days (29).
These findings were compatible with our study. Ozturk et
al. reported that RA reduced oxidative damage on kidney
tissue and normalized serum creatinine and BUN levels
of rats with RA compared to other groups in their kidney
ischemia and reperfusion (I/R) study (30). The serum BUN
and creatinine values in the RA group were close to normal
in our study, and they were lower in the RA+DM group than
that in the DM group.

Ramalho et al reported that RA protected the liver against
I/R damage by showing a strong anti-inflammatory and
antioxidant attachment in liver parenchymal cells (31).
We observed that RA protects the liver endothelial cells
against DM-induced liver damage in rats, reduces the
number of pycnotic cells, and the radial arrangement
in the cell cords begins to reappear. In addition, in the
immunohistochemical examinations, we observed
that the intense TNF-a and APAF-1 expressions in the
hepatocyte nuclei and cytoplasm and endothelial cells
were decreased in the RA+DM group compared to the DM

group.

Abdel-Daim et al. found that DM administration increased
lipid peroxidation by increasing hepatic and renal
malondialdehyde (MDA) levels, and decreased hepatic
and renal antioxidants (superoxide dismutase, catalase,
GSH) (32). Similarly, we observed that the serum TAS level
decreased and the serum TOS level increased in the DM
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group, and this balance changed in the opposite direction
after RA application.

Al-Gerbed et al. observed that glomerular congestion,
tubular degeneration, necrosis, swelling of the tubules
and vacuolization in various regions along the renal cortex
developed in the kidney tissues of rats administered DM
(33). In our study, we observed that histopathological
changes such as fibrosis in the glomerular area,
degeneration in the tubules, inflammatory cell infiltration
and congestion occurred in the kidney tissues of rats
treated with DM. Our study showed consistent results
with other studies in line with these findings.

Abdel- Daim et al. noticed anincrease in lipid peroxidation,
oxidative stress and proinflammatory cytokin levels (IL-
1B, IL-6, TNF-a) in kidney tissues of rats given DM (32).
Similarly, we observed intense positive TNF-a and APAF-1
expressions in the kidneys of the rats in DM group, and
these expressions were decreased in the RA+DM group.

CONCLUSION

Our studyrevealed that Rosmarinic acid has positive effects
in preventing deltamethrin induced nephrotoxicity and
hepatotoxicity in terms of biochemical, histopathological
and immunohistochemical examinations.
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