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Abstract | The protective role of cinnamon oil (C. oil) on the liver and renal functions, Nrf2 gene expression and
histopathology in the rat following administration of deltamethrin (DM) was investigated. Rats were divided into 4
groups, rats of the 1% group (control) were given saline, while the 2™ group was given C. oil (100 mg/kg B.W) and 3+
group was administrated DM (6 mg/kg B.W) orally. The 4 group was given C. oil and DM. All treatments were given
orally daily for 3 weeks. Blood biochemical parameters and histopathological study for liver and kidney tissues were
conducted. Administration of DM caused a significant elevation in alanine aminotransferase, aspartate aminotrans-
terase and alkaline phosphatase activities, cholesterol, triglyceride, urea and creatinine concentrations and upregulates
the Nrf-2 gene expression. While the total protein, albumin and globulin levels were not changed. It was noticed that
concomitant oral administration of C. oil plus DM significantly decreases the activities of these enzymes, cholester-
ol, triglyceride, urea and creatinine concentrations. Also, C. oil resulted in down-regulation of Nrf-2 expression and
ameliorated the histopathological alterations in hepatic and renal tissues. In conclusion, Co-administration of C. oil
attenuates the hepato-nephrotoxic effects of DM and this may be through decreasing oxidative stress.
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INTRODUCTION

Due to the widespread and intensive use of deltame-
thrin (DM) in agriculture and public health, it has
become one of the most environmental and industrial pol-
lutants that are toxic to humans, animals, fishes and birds.
'The most common sources of human and animal exposure
to deltamethrin are polluted water and food (Kumar et al.,
2015). The liver and kidney are reported among the most

common tissues that are affected due to DM exposure since
the liver is the main site of DM metabolism and the kid-
ney is the principal organ of its elimination (Abdel-Daim
etal.,2013). Deltamethrin is oxidized by cytochrome P450
enzymes in the liver and elevates the reactive oxygen spe-
cies (ROS) level (Rehman et al., 2017). Critical events in
the toxicity of DM are the induction of apoptosis in var-
ious cells (Kumar et al., 2015) and oxidative stress which
can further cause mitochondrial damage and lead to liver
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injury and nephrotoxicity (Maalej et al., 2017).

Cinnamon oil (C. oil) is obtained from the Cinnamomum
species and has been used in the pharmaceutical and food
industries for its medicinal and nutritional properties.

Volatile oil isolated from different parts of cinnamon have
the same form of monoterpene hydrocarbons in different
ratios but with a varied distinctive constituent e.g. pres-
ence of cinnamaldehyde, eugenol and camphor in the leaf
oil and root-bark oil, bark oil respectively (Kaur and Shri,
2018).

Recently, many investigators have shown that Cinnamo-
mum species have been capable to suppress oxidative stress
and decrease lipid peroxidation (Jain et al., 2015; Abdel-
wahab et al., 2017).

Therefore, this study attempted to explore the effect of cin-
namon oil on hepato-nephrotoxicity induced by the oxida-
tive stress caused by deltamethrin in rats.

MATERIALS AND METHODS

CHEMICALS

Deltamethrin (DM) was purchased from the Arab compa-
ny for Chemical ind., Egypt. Cinnamon oil was obtained
trom El-Captain Company, for extracting natural oils, El-
Obour CityEgypt. Kits were purchased from Biodiagnos-
tic company, Chemical Co., Egypt.

ANIMALS AND EXPERIMENTAL DESIGN

Male Wistar albino rats (100-200 g) were purchased from
the animal house of El Nahda University. The rats had free
access to food and tap water ad libitum and were allowed
to acclimatize for one week. This study was performed fol-
lowing the Institutional Animal Care and Use Committee
of Beni-Suef University (BSU-IACUC) ethical guidelines.
Forty rats were randomly assigned to 4 groups. Group (1)
rats were received physiological saline, group (2) orally re-
ceived C. oil at a dose of 100 mg/kg B.W., group (3) orally
received DM alone at a dose of 6 mg/kg B.W. (Sharma et
al., 2014), and group (4) orally administrated with C. oil
and DM at previously mentioned doses daily. After three
weeks of administration, rats were anesthetized with 5%
diethyl ether and blood samples from all groups were col-
lected from the retro-orbital plexus then rats were sacri-
ficed with cervical dislocations. Blood samples were cen-
trifuged to get serum for biochemical examination. Livers
and kidneys of rats were quickly removed and washed and
some of which were fixed in 10% formalin solution for his-
topathology, while other parts of the liver and kidney tissue
samples were stored at -80°C for NF-E2-related factor 2
(Nrf-2) gene analysis.

ASSESSMENT OF BIOCHEMICAL PARAMETERS

Liver function test: Serum liver enzymes activities of ala-
nine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) and alkaline phosphatase (ALP), total pro-
teins, albumin, cholesterol and triglycerides were measured
colormetrically according to the manufacturer’s instruc-
tions. The globulin concentration was estimated by sub-
tracting the albumin value from the total protein value for

obtaining the albumin-globulin (A/G ratio).

Estimation of urea and creatinine: Urea was estimated as
described by Patton and Crouch (1977). Creatinine was
determined by buftered kinetic Jaffe’s reaction method as
described by Bowers and Wong (1980).

RNA isolation and real-time PCR for Nrf-2 gene expres-
sion: The RNeasy mini kit (Qiagen) was used to isolate the
total RNA from the samples according to the manufactur-
er’s instructions. The purity and concentrations of the ex-
tracted t-RNA were measured spectrophotometrically. The
RevertAid First Strand cDNA Synthesis (Thermo scien-
tific #K1622) was used to generate the First-strand cDNA
(Yassin et al., 2016). The primer sets used to amplify Nrf-3
were designed using Primer3 software were sense primer:
5-GGCCCTCAATAGTGCTCAG-3’; antisense prim-
er: 5-TAGGCACCTGTGGCAGATTC-3. The quanti-
tative real-time PCR was done using a Real-Time PCR
System (Applied Biosystems, USA) for 40 cycles of dena-
turation at 95°C for 30 s, annealing at 58°C and extension
at 72°C for 30 s. The GAPDH gene was used as the inter-
nal standard to normalize the expression values (Ibrahim
et al., 2020). Each sample was assessed in triplicates. The
CT values were used to calculate the gene/ GAPDH ratio,
with a value of 1.0 used as the control (calibrator) (IMorgan
et al.,, 2017). The normalized expression ratio was calculat-

ed using the Mxpro software (Khalaf et al., 2019).

Hi1sTOPATHOLOGICAL EVALUATION

Specimens (liver and kidney) from all rat groups were per-
formed according to the method of Banchroft and Gamble
(2008). After fixation with 10 % neutral buffered formalin,
specimens were washed in water, dehydrated in ascending
grades of alcohol, then in xylene. Then, samples were em-
bedded in parafhin for preparation of 5 pm paraffin sections
and then stained with hematoxylin and eosin.

STATISTICAL ANALYSIS

One-way analysis of variance (one-way ANOVA) was
used to elucidate significant differences between difterent
groups. Tukey’s post hoc test was used for multiple com-
parisons. All statistical analyses were done using GraphPad
Prism version 5.0 software. The criterion of statistical sig-
nificance was considered statistically significant at <0.05.
Results were represented as Mean + SE.

July 2021 | Volume 9 | Issue 7 | Page 1072

=SS


https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012716_RevertAid_FirstStrand_cDNA_Syn_K1622_UG.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012716_RevertAid_FirstStrand_cDNA_Syn_K1622_UG.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012716_RevertAid_FirstStrand_cDNA_Syn_K1622_UG.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012716_RevertAid_FirstStrand_cDNA_Syn_K1622_UG.pdf

OPENaACCESS

Advances in Animal and Veterinary Sciences

Table 1: Values of biochemical parameters of different groups.

Parameters Control
ALT (U/L) 18.0+0.7
AST (U/L) 19.8+1.4
ALP (U/L) 76.1+2.7
Total protein (g/dl) 6.9+0.31
Albumin (g/dl) 2.8+0.17
Globulin (g/dl) 4.1+0.36
A/G ratio 0.6+0.08
Cholesterol (mg/dl) 53.2+1.9
Triglycerides (mg/dl) 36.0+0.9
Urea (mg/dl) 40.0+1.48
Creatinine (mg/dl) 1.89+0.29

C.oil DM C.oil +DM
18.6+0.8 31.2+1.40* 21.9+0.74¢
17.7+1.05 28.1+2.24 23+1.16
75.2+6.5 133+4.9%P 91.3+4.1¢
6.7+0.52 5.89+0.23 6.1:0.21
3.1+0.08 2.87+0.15 2.4+0.28
3.6+0.59 3.13+0.12 3.7+0.25
1.0+0.28 0.98+0.06 0.70+0.11
56.1£3.0 100+3.9+ 63.00+1.8¢
34.0+1.6 64.3+3.4%° 43.5£2.4¢
42.7+1.54 62.61£2.14%b 49.3+2.80
1.00+0.19 8.11x0.73* 1.4+0.40¢

Data are expressed as means + SE with dissimilar superscript letters (significantly differing at P < 0.05): a) significantly different from
control value; b) significantly different from C. oil group; c) significantly different from theDM group.C. oil, represents Cinnamon

oil; DM represents deltamethrin and C. oil+DM, represents cinnamon oil and deltamethrin.

RESULTS

BLOOD BIOCHEMICAL PARAMETERS

To characterize the liver function in response to DLM ex-
posure, we measured the activities of serum AST, ALT and
ALP in different groups. There were no significant changes
in the enzyme activities between C. oil-treated rats from
the control group (Table 1). The present data showed that
in the DM group, significant increases of AST, ALT and
ALP activities were detected as compared with control and
C. oil groups. The enzymes’ activities were significantly de-
clined in the C. oil plus DM group as compared to the
deltamethrin alone group. On the contrary, co-administra-
tion of rats with C. oil and DM prevented a DM-induced
increase in the enzyme activities when compared to control
and C. oil groups. From Table (1), we observed that the
DM did not affect the total protein, albumin, and globulin
concentrations as compared to the control group.

Moreover, the cholesterol level found to be increased in
the DM group comparing to the control. While in the C.
oil plus DM group, the total cholesterol and triglycerides
concentration was significantly decreased as compared to
the control group. The concentration of cholesterol and
triglycerides were significantly decreased in the group of
rats administrated C. oil plus DM as compared to the DM

alone group.

In the deltamethrin group, there was a significant increase
in levels of urea and creatinine were observed as compared
to the control and C. oil groups. A significant decrease in
the concentration of creatinine was observed in the C. oil
plus DM group compared to the control and C. oil groups.
On the other hand, C. oil had no significant effects on urea
and creatinine compared to the control group.

NRF-2 GENE EXPRESSION

'The transcript levels of Nrf-2 (Figure 1) showed significant
up-regulation in the DM treated group relative to the con-
trol group. Co-treatment of cinnamon and deltamethrin
showed an improving effect such that the mRNA levels
were decreased if compared to the intoxicated rats.

The m-RNA level of Nef-2 in Liver The m-RNA level of Nrf-2 in Kidney
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Figure 1: Real time PCR for Nrf-2 gene expression in
liver and kidney of difterent experimental groups.

Data are expressed as means + SE with dissimilar superscript
letters (significantly differing at P < 0.05): a) significantly
different from control value; b) significantly different from C.
oil group; ¢) significantly different from the DM group. C. oil,
represents Cinnamon oil; DM represents deltamethrin and C.
oil+DM, represents cinnamon oil and deltamethrin

HiISTOPATHOLOGICAL RESULTS

Microscopic results showed that liver sections of the con-
trol (Fig. 2a) and C. oil (Fig. 2b) groups appeared normal.
While liver of the DM group exhibited marked portal vein
congestion, diffuse hydropic degeneration, necrosis with
inflammatory cell infiltrations (Fig. 2 d, e). Regeneration
of hepatocytes and improvement in central vein and sinu-
soidal blood was observed in the C. oil plus DM treated
group (Fig. 2f).
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Figure 2: a. Liver tissue of control showing normal cell
plates formed of polygonal hepatocytes with granular
eosinophilic cytoplasm and vesicular nuclei & intervening
regular sinusoids and normal central veins (black arrows).
(H&E stain x100). b. Liver of C. oil treated rat showing
normal structure of the liver with normal central vein,
sinusoids and hepatocytes (H&E stain x100). c. Liver of
DM treated rats showing marked portal veins congestion
(black arrow) associated with widely diffuse hydropic
degeneration of hepatocyte (H&E stain x100). d. Liver
from DM group showing diffuse marked hepatocellular
hydropic degeneration with dilated hepatic sinusoids and
multiple foci of hemorrhage (black arrows) with areas of
necrosis showing ghost of hepatocytes some of hepatocytes
revealed condensed/pyknotic nuclei (red circle) with
aggregates of mononuclear inflammatory cells (blue
arrows) ).(H&E stain x200). e. High power of pervious
image showing aggregates of mononuclear inflammatory
cells (black arrows) surrounding necrotic hepatocytes &
areas of ghost of cells and few hepatocytes with condensed/
pyknotic nuclei (red arrows) (H&E stain x400). f. Liver
section from C. oil plus DM group showing normal
hepatic architecture with regeneration of hepatocytes and
improvement in central vein and sinusoidal blood (H&E
stain x100).

'The renal tissue of the control (Fig. 3a) and C. oil (Fig. 3b)
showed normal architecture with no definite histopatho-
logical alterations. The rat kidney in the group that was
treated with DM showed congestion of glomerular tuft
capillaries with Bowman’s capsule swelling, degeneration
of renal tubules with moderate interstitial edema (Fig. 3¢).
Besides,the epithelial cells of renal tubules showed diffuse
hydropic degenerative swelling, with dark small pyknotic
nuclei (Fig. 3d) and marked diffuse interstitial edema in
the medullary renal tissue with diffuse degenerative chang-
es of distal convoluted renal tubules. (Fig. 3¢). In the C. oil
plus DM treated group, a mild hydropic degeneration of
tubular cells was observed (Fig. 3f).

Advances in Animal and Veterinary Sciences

Figure 3: a. Renal section from control, showing
normal glomeruli formed of capillary tuft surrounded by
Bowman’s capsule ( black arrows), proximal convoluted
tubules with narrow lumen lined by high cuboidal cells
with homogeneous eosinophilic cytoplasm (red arrows)
and distal convoluted tubules with wide lumen lined by
low cuboidal cells (blue arrows) with normal- sized
interstitial blood vessel (red star).(H&E stain x200). b.
Renal section from C. oil group, renal tissue demonstrated
unremarkable histopathological changes. ¢. Renal section
from DM group, cortical renal tissue demonstrated
diffused moderate capillaries glomerular tuft congestion
with Bowman’s capsule swelling (black arrows) note
that the surrounding renal tubules showed degenerative
changes with moderate interstitial edema (blue stars) and
congestion (red arrow).(H&E stain x100). d. Renal section
from DM group, cortical renal tissue demonstrated diffused
moderate congestion of glomerular tufts (blue arrow) &
interstitial congestion (black arrows). The epithelial cells
lining renal tubules showed diffuse hydropic degenerative
swelling, noting some of cells had dark small pyknotic nuclei
with few intraluminal sloughed cells (red stars).(H&E
stain x400). e. Renal section from DM group, medullary
renal tissue demonstrated marked diffused interstitial
edema and congestion with extravasation RBCS (black
arrows), noting the diffuse degenertative changes of distal
convoluted renal tubules (H&E stain x200). f. Renal
section from DM plus C. oil group, demonstrated mild
hydropic degeneration of tubular cells and nearly normal
glomeruli & interstitial tissue. (H&E stain x200).

DISCUSSION

According to previous studies, deltamethrin is rapidly me-
tabolized in the liver and a great concentration of DM
metabolites accumulate in the liver causing oxidative stress
(Saoudi et al., 2017). In the present study, increased AST,
ALT and ALP activities in DM treated rats is probably due
to the overproduction of ROS that alters the oxidant-anti-
oxidant status and disrupts the integrity of membrane lipid
cell resulting in the release of hepatic enzymes from the
hepatocytes into the circulation (Khalaf et al., 2017; Tewari
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et al., 2018). Elevation in serum AST and ALT activities
after DM exposure have been reported by several studies
(Abdel-Daim et al., 2013; Giindiiz et al., 2015; Maalej et
al., 2017).

ALT is aliver-specific enzyme and one of the most reliable
indexes for hepatic damage. Elevated serum ALP activity
is not restricted to hepatic damage only; it also has isoen-
zymes in the bones, intestines and kidneys. Therefore, the
elevation in its activity may be due to injury in any of the
previously mentioned organs as a result of the direct effect
of the DM or as a result of oxidative damage (Uchendu
et al., 2017). Moreover, the increased ALP activity in se-
rum may be considered as an early indicator of cholestasis
along with the observed hepatic cell necrosis which might
be accounted for the raised level of ALP in the serum
(Ikram et al., 2016).

Many previous studies revealed that pyrethroid has an im-
pact on lipids that include triglycerides, cholesterol-free
fatty acids and phospholipids (Singh and Saxena, 2002).
The deltamethrin-induced increase in serum cholesterol
and triglycerides levels, as observed in the present study is
consistent with previous studies (Abdel-Daim et al., 2013;
Ikram et al., 2016;Tewari et al., 2018).

'There was no significant difference in serum total protein,
albumin and globulins concentrations between the DM
group and the control. Our findings are in line with Tewari
et al. (2018). However, some previous reports were incon-
sistent with our result (Abdel-Daim et al., 2013; Uchen-
duet al., 2017) as they found that DM exposure resulted
in decreased total protein and albumin levels. This incon-
sistency may be due to the different exposure time to DM,
doses and conditions among the studies. In line with the
present biochemical assessment results, histopathological
findings demonstrated marked changes in the hepatic tis-
sue of DM-treated rats.

'The increase in serum urea concentration reflects impair-
ment in the renal tubular reabsorption, while the elevat-
ed serum creatinine, a by-product of muscle metabolism
and actively secreted by the proximal tubular cells, con-
centration indicates impairment of glomerular filtration
rate (GFR) (Adedara et al., 2012). Therefore, the increased
urea and creatinine concentrations in the DM intoxicat-
ed rats suggesting renal tissue injury (Tewari et al., 2018)
which is in line with the histopathological findings.

Co-treatment with C. oil in this study was able to decline
the elevated activities of AST, ALT and ALP in the C. oil
plus DM group. This may be due to the antioxidant role
of Cinnamon, which neutralizes the effects of the DM
by scavenging of ROS. his finding was further confirmed

by the improvement in the histopathological alterations
and decrease the Nrf-2 gene expression in the co-exposed

group.

'The major constituents identified in the cinnamon oil,by
GC-MS analysis of C. oil (results under publication), that
have powerful antioxidant activities are cinnamaldehyde,
and cinnamic acid (Bae et al., 2018). The protective po-
tential of cinnamon oil against kidney damage induced
by gentamicin was previously reported by Elkomy et al.
(2020).

'The transcription factor NF-E2-related factor 2 (Nrf2), is
a chief mediator of the oxidative stress response through
the activation of genes encoding for antioxidant enzymes
(Cores et al., 2020). Nrf2 is involved in apoptosis, carcino-
genesis, aging and chemical injuries (Fuse and Kobayashi.,

2017).

Our findings clearly show that DM increases Nrf2 expres-
sion and that ROS production is involved as the major
mediator in the DM-induced toxicity (Richardson et al.,
2019).'The Nrf2 gene is a novel target of DM and possibly
the main coordinator of the stress response against pyre-
throid toxicity (Li et al., 2011; Mohammadi et al., 2019).
Former studies have shown that deltamethrin can increase
ROS levels accompanied by the exhaustion of the antiox-
idants leading to overexpression of the Nrf-2 gene (Li et
al., 2007; Kumar et al., 2015).

Furthermore, treatment with C. oil, with its potent an-
tioxidant capacity to scavenge ROS, suppressed the
DM-induced Nrf2 activation. Previous research indicated
that ROS is the mediator of nuclear Nrf2 accumulation
(Moretto and Colosio, 2011).

CONCLUSION

Co-treatment with cinnamon oil to DM-intoxicated rats
significantly decreased the hepatic enzymes activities,
cholesterol and triglycerides, serum urea and creatinine
concentrations. Moreover, cinnamon oil efficiently low-
ered Nrf-2 expression and mitigated the histopathologi-
cal alterations in hepatic and renal tissue induced by DM

treatment.
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