m Journal of Research Article

Research in Pharmacy www_jrespharm.com

Panax ginseng extract ameliorates methotrexate-induced
multi-organ damage via the regulation of oxidative stress
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ABSTRACT: Oxidative damage plays an important role in organ toxicities caused by methotrexate (MTX). This study
aimed to determine the antioxidant effects of Panax ginseng (PxG) extract against MTX-induced liver, lung, ileum and
kidney damage. Twenty-four Sprague Dawley male rats (weight 250-300 g) were used in the study. The animals were
randomly separated into three groups: a) Control, b) MTX-treated (MTX) and c) MTX+PxG-treated (MTX+PxG) groups.
MTX was administered intraperitoneally at 20 mg/kg, as a single dose to MTX and MTX+PxG groups. PxG was
administered orally at 100 mg/kg to the MTX+PxG group for five days. Saline was given to the control and MTX groups
for 5 days. At the end of the experiment, liver, lung, ileum, and kidney samples were obtained. Malondialdehyde (MDA)
and glutathione (GSH) levels, superoxide dismutase (SOD), glutathione-S-transferase (GST) and tissue factor (TF)
activities were determined in all tissues. In addition, histological examinations were done through light microscopy.
GraphPad Prism 5v. was used for statistics, and p<0.05 were considered significant. Administration of MTX caused
severe injury in tissues. Findings showed that MDA level, SOD, and GST activities were significantly normalized in the
MTX+PxG group compared to the control group. A significant reduction in GSH level observed in the MTX group was
reversed with PxG administration In addition, TF activity and total protein levels were found to be impaired in the MTX
group, but TF activity was significantly improved in liver and lung tissues and total protein level was significantly
reversed in lung and ileum in MTX+PxG group. The results of histological examinations showed that MTX-induced
damage was ameliorated with the PxG administration. In conclusion, this study shows that Panax ginseng, thanks to its
antioxidant properties, reversed MTX-induced tissue damage and therefore may be beneficial against side effects in
patients undergoing chemotherapy.
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1. INTRODUCTION

Methotrexate (MTX) is commonly used as a cytotoxic drug, especially in the treatment of leukemia and
other malignancies [1]. It is also widely used in various inflammatory diseases such as rheumatoid arthritis
and inflammatory bowel disease [2, 3] However, its side effects limit its use. The cytotoxicity of MTX is
nonselective for neoplastic cells. Unfortunately, it affects normal tissues that have highly proliferative cells,
including the hematopoietic cells, and actively-dividing cells of the mucosa [4]. Furthermore, MTX was shown
to have severe toxic impacts on vital organs like the liver, kidney, heart, and lung [5, 6]. The toxic effects of
MTX mainly depend on its inhibitory effects on NAD(P)-dependent dehydrogenases and NADP malic
enzymes [7]. In addition, since MTX has a high affinity to the dihydrofolate reductase enzyme, it suppresses
DNA synthesis. During these two mechanisms, tissue damage occurs due to the production of free oxygen
radicals.

It has been well known that oxygen is an essential element in our life. The use of oxygen is inevitable
for every living cell. However, free radicals are produced by the mitochondria when oxygen is used. If the
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sensitive balance between the production and elimination of free radical species is disturbed in favor of
production, the accumulation of these products is observed [8]. Oxidative stress has an important role in aging
and the emergence of chronic and degenerative illnesses such as cardiovascular disease, cancer and
autoimmune disorders. To prevent the development of diseases and/or damage in the cells, endogenous and
exogenous antioxidants have a significant free radical scavenging role [9, 10]. There are numerous exogenous
antioxidants, including most phytonutrients such as pomegranate, blackberry, artichoke, strawberry, spinach,
peas, and carrots. One of the plants with antioxidant properties is Panax ginseng (PxG), which has been
researched since ancient times for its therapeutic effects [11].

Panax has come from a Greek word, pan akheia, meaning “cure of all diseases”, usually has been
cultivated in China and Korea. PxG (or Korean ginseng) grown in China and Korea has been widely used in
traditional medicinal from ancient times [12]. The major effective components of PxG are saponins, also known
as ginsenosides [13]. In addition, polysaccharides and polyacetylene alcohols are known as other effective
components [14]. Recently, it has been demonstrated that PxG extract has antineoplastic, immunomodulatory,
anti-inflammatory, anti-obesity, cardioprotective, antimicrobial, and neuroprotective impacts. The PxG extract
is also used for its adaptogenic characteristics, as an antioxidant [11, 15, 16].

This study aimed to investigate methotrexate-induced tissue damage and possible protective effects of
PxG on the liver, lung, ileum, and kidney damage in rats.

2. RESULTS

MTX administration significantly increased MDA levels in all tissues. PxG treatment significantly
improved the MTX-induced increase in lipid peroxidation in lung and kidney tissues. Although MDA levels
in the lung and kidney tissues were still higher than the control with PxG treatment, a significant decrease
was found in all tissues compared to the MTX group (p<0.001). The findings were shown in Figure 1.
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Figure 1. LPO in a) Liver, b) Lung, c) Ileum, d) Kidney tissues of the experimental groups (n=8 in each). C: Saline-
treated control group; MTX: Methotrexate-treated group; MTX+PxG: Methotrexate and Panax ginseng-treated
group.®*: p< 0.001 compared to the control; +++: p< 0.001 compared to the MTX group.
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Superoxide dismutase (SOD) activity changes in tissues were given in Figure 2. MTX administration
significantly decreased SOD activity (p<0.001) in all tissues. SOD activity was essentially increased in liver
and lung tissues with PxG treatment compared to the control group (p<0.001). PxG treatment significantly
recovered SOD activity in liver, lung, ileum, and kidney tissues when compared to the MTX group (p<0.001).
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Figure 2. SOD activity in a) Liver, b) Lung, c) Ileum, d) Kidney tissues of the experimental groups (n=8 in each). C:
Saline-treated control group; MTX: Methotrexate-treated group; MTX+PxG: Methotrexate plus Panax ginseng-
treated group. ***: p< 0.001 when compared with the control group. +++: p< 0.001 compared to the MTX group.

MTX application significantly decreased the glutathione (GSH) level (p<0.001) in all tissues compared
to the control group. When compared to the MTX group, PxG treatment significantly improved GSH level
(p<0.001), in all tissues. However, PxG treatment was essentially normalized in the ileum and kidney tissues
when compared to the control group, shown in Figure 3.
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Figure 3. GSH levels in a) Liver, b) Lung, c) Ileum, d) Kidney tissues of the experimental groups (n=8 in each). C:
Saline-treated control group; MTX: Methotrexate-treated group; MTX+PxG: Methotrexate plus Panax ginseng-
treated group.***: p< 0.001 compared to the control; +++: p< 0.001 compared to the MTX group.

As presented in Figure 4, glutathione-S transferase (GST) activity was significantly reduced in the MTX
group in all tissues (p<0.001) compared to the control group. PxG administration essentially improved the

GST activity in all tissues when compared to the MTX group (p<0.001).
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Figure 4. GST activity in a) Liver, b) Lung, c) Ileum, d) Kidney tissues of the experimental groups (n=8 in each). C:
Saline-treated control group; MTX: Methotrexate-treated group; MTX+PxG: Methotrexate plus Panax ginseng-
treated group.***: p< 0.001 compared to the control; +++: p< 0.001 compared to the MTX group.

MTX administration significantly increased tissue factor (TF) activity in liver tissue, decreased in lung
tissue, and did not change in kidney tissue. PxG administration to the MTX group did not change. TF activity

in related tissues was presented in Figure 5.
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Figure 5. Tissue factor activity in a) Liver, b) Lung, and c) Kidney tissues of the experimental groups (n=8 in each).
C: Saline-treated control group; MTX: Methotrexate-treated group; MTX+PxG: Methotrexate plus Panax ginseng-
treated group. *: p< 0.05; **: p< 0.01 and ***: p< 0.001 when compared with control group.

Findings demonstrated that there were no significant changes in the total protein level with MTX
treatment in all tissues. While PxG essentially improved total protein levels only lung and in ileum tissues
according to the control group (p<0.05), it was not essentially normalized total protein levels in liver and
kidney tissues (p>0.05). Findings can be seen in Figure 6.
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Figure 6. The total protein level in a) Liver, b) Lung, c) Ileum, and d) Kidney tissues of the experimental groups
(n=8 in each). C: Saline-treated control group; MTX: Methotrexate-treated group; MTX+PxG: Methotrexate plus

Panax ginseng-treated group. * p< 0.05: compared to the control group.

In histological evaluations, control groups demonstrated regular ileum, liver, lung, and kidney
morphology in the control groups. Severe degeneration of villi with denudation of lamina propria and
hemorrhage in the ileum, severe sinusoidal congestion and degenerated hepatocytes with perinuclear

vacuolization in the liver, alveolar disturbance, bleeding and inflammatory

cell infiltration in the lung,

degeneration of renal corpuscles with cellular debris and dilatation of Bowman space, degenerated tubules
and congestion in interstitial vessels of kidney were observed in the MTX group. Elongated villi formation

with the decrease of epithelial degeneration in the ileum, mild sinusoidal

congestion and decrease of

degenerated hepatocytes in the liver, mild disturbances in alveoli and decrease of inflammatory cell infiltration
in lung, a mild decrease of degenerated renal corpuscles, degenerated tubules and interstitial vascular

congestion in kidney were observed in MTX+PxG group (Figure 7).
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Figure 7. Representative H&E stained light micrographs of the ileum (A-C), liver (D-F), lung (G-I), and kidney (J-
L) samples in the experimental groups. Regular morphology of the ileum (A), liver (D), lung (G), and kidney (J) are
seen in the control group. Flattened villi formation with degenerated epithelium (arrow), denuded lamina propria,
and hemorrhage (*) in the ileum (B); severe sinusoidal congestion (*) and degenerated hepatocytes (arrow) in the
liver (E); alveolar disturbance (arrow), vascular congestion and hemorrhage (*) and inflammatory cells (arrowhead)
in the lung (H); degenerated renal corpuscle with cellular debris and dilatation of Bowman space (*), degenerated
tubule epithelium (arrow) and interstitial vascular congestion (arrowhead) in the kidney (K) are observed in the
MTX group. Decreased flattened villi formation with degenerated epithelium (arrow), vascular congestion in
lamina propria (*), increased elongated villi formation with regular epithelium (arrowhead) in the ileum (C);
decreased vascular congestion (*) and degenerated hepatocytes (arrow) in the liver (F); mild alveolar disturbance
(arrow), vascular congestion and decrease of inflammatory cells (arrowhead) in lung (I); the decrease of
degenerated renal corpuscles with Bowman'’s space dilatation (*) and degenerated tubules (arrow) in the kidney
(L) are observed in the MTX+PxG group.

3. DISCUSSION

MTX is a widely preferred antimetabolite agent in cancer therapy and leads to a reduction in DNA
synthesis by primarily suppressing the proliferation of neoplastic cells [17]. Cytotoxic impacts of chronic MTX
use were not restricted to neoplastic cells. Continuous MTX use also affects vital organs, including the lung,
liver, kidney, and intestines [18]. The results of this study demonstrated that MTX administration to the rats
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caused well-marked damage in all tissues. It has been known that the primary reason for damages induced by
chronic use of MTX is oxidative stress [19]. On the other hand, it has been well known that Panax ginseng had
beneficial active components, saponins known as ginsenosides, especially [20]. In a study investigating the
antihepatotoxic and antioxidant effectiveness of Panax ginseng on chemotherapy-induced hepatotoxicity in
experimental animals, findings demonstrated that PxG and its ginsenosides normalized liver function tests,
improved antioxidant parameters and changed histology of liver of the rats [21]. Jahovig et al. revealed that
MTX-induced liver and kidney damage in rats was ameliorated with the melatonin treatment [22]. In another
study investigating the depletion of GSH and antioxidant enzymes as well as elevation of lipid peroxidation
(LPO) levels in the blood and liver of irradiated rats, it was observed that hydroalcoholic extract of PxG
essentially improved and reduced the yield of LPO [23]. Based on these findings, it has shown that Panax
ginseng is regarded as an alternative preventive agent for lipid peroxidation. Jang et al. (2015), showed
intraperitoneal administration of high-dose ginseng extract improved decreased oxidative damage and
cytokine levels in pulmonary fibrosis caused by high-dose radiation [24]. Consistent with the findings of
previous studies, the current study demonstrated that the MTX increased the MDA level, and PxG
administration decreased the MDA level in all tissues.

Another parameter examined in this study was SOD. SOD is an enzyme with antioxidant properties. It
protects the body against free radicals. MTX usage reduces the SOD activity in the body resulting in the
accumulation of reactive oxygen species [2]. Similar to the previous study, another study stated that silibinin
administration reduced MTX-induced oxidative injury in lung tissue and results showed that SOD activity
increased in the silibinin-treated group [25]. In a study, it was observed that gallic acid improved antioxidant
parameters in MTX-induced liver and kidney toxicities in rats [26]. Song et al. highlighted the potential
protective impacts of turmeric extract on intestinal mucosal barrier function in MTX-treated rats. Curcumin,
primarily in turmeric extract, was explained as beneficial by the activation of the antioxidative mechanism of
SOD [27]. In a previous study, water extract of PxG was studied on age-related oxidative stress and it was
demonstrated that PxG essentially improved the oxidative parameters in aged rats [28]. It has been shown that
PxG decreased the level of MDA and increased the expression of SOD and GPx in a rat model of global
ischemia injury in the hippocampus [29]. In a different in vitro study, chemical profiling and antioxidant
properties of red ginseng were investigated. Findings demonstrated that the root extract of red ginseng with
water showed strong antioxidant activity by improving 2,2-diphenyl-1-picrylhydrazyl (DPPH) and (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) (ABTS) levels [30]. In accordance with the findings of the
other studies, findings of this study confirmed that PxG has an antioxidant effect by scavenging ROS in
animals treated with MTX.

Moreover, in an in vitro study investigating the anti-inflammatory and repair properties of human
keratinocytes, Oh et al. confirmed that ginsenoside Re increased GSH level and SOD activity while decreasing
ROS in HaCaT cells [31]. A different study investigating the effect of dose-dependent ferulic acid
administration on antioxidant parameters has been demonstrated to have beneficial in MTX-induced hepatic
damage in rats [32]. It has been known that MTX can cause pulmonary toxicity. It was observed that MTX
treatment was associated with interstitial pulmonary disease resulting in cough [33]. In a study, it was shown
ginsenosides protected pulmonary endothelium against ROS toxicity in rabbits [34]. In another study,
examining the protective effect of ginsenoside-Rd in animals with acute renal failure, findings highlighted that
SOD and CAT activities increased and MDA, BUN and serum creatinine levels decreased in nephrotoxic rats
by the use of ginsenoside-Rd [35]. Similar to the obtained findings of other studies, observed results of the
current study reported the possible antioxidant effect of PxG that improved GSH levels in animals with MTX-
induced toxicities.

It was indicated that the primary mechanism of MTX-related oxidative distress is the augmentation of
free radical content. GST is an enzyme with an antioxidant property that can scavenge free radical species. In
the hepatotoxicity model induced by MTX in rats, it was determined that Ginkgo biloba increased the GSH level
and GST activity, which were decreased by MTX administration [36]. Olayinka et al. showed the effectiveness
of gallic acid on hepatorenal impairments caused by MTX in oxidative biomarkers in rats. It was reported that
while hepatic GST activity was reduced in the MTX-treated rats when compared to the control group, pre-
treatment and co-treatment of gallic acid improved GST activity in MTX-treated rats [26]. MTX causes
pulmonary injury in the treatment of rheumatologic diseases [37, 38]. Ali et al. revealed that polydatin showed
anti-oxidant, anti-inflammatory and anti-fibrotic effects in rats with MTX-induced pulmonary fibrosis [39]. In
a study investigating the effect of Korean PxG on global and focal ischemia models in rats, it was demonstrated
that Korean PxG reversed and improved GST, GPx and SOD activities in brain tissue [40]. In another study
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conducted to investigate the effectiveness of PxG on hepatic antioxidant enzyme activities in cholesterol-fed
rabbits, GST, GPx, CAT and SOD activities were examined. The findings indicated that the Ginseng
administration reversed and improved the GST and SOD activities in animals [41]. Consistent with the
observed findings of studies, the findings of the current study demonstrated that PxG normalized the activity
of GST as well as other antioxidant markers in all examined tissues.

TF, also known as thromboplastin or Factor I1I, is an essential coagulation factor that starts the extrinsic
blood coagulation cascade with factor VII. Because TF is not a stabile protein some alterations lead to changes
in its activity such as heating or the lipid peroxidation of the membrane due to oxidative stress [42]. In a
previous study investigating the alpha-ketoglutarate effect on MTX-induced hepatic injury in animals, TF
activity was reduced by alpha-ketoglutarate administration [43]. In another in vitro study, PxG was stated to
possess an anti-coagulation effect [44]. In addition, the effectiveness of PxG herbal tablets was examined. The
findings demonstrated that tablets have both protective properties and anti-oxidative effects on vascular
endothelial cells, resulting in removed blood stasis syndrome [45, 46]. In a different study investigating the
hepatoprotective effect of PxG, the oxidative radical scavenging effect of PxG was shown [47]. In rats with
ischemia-induced renal damage, oral ginsenoside-Rd administration caused increases in the SOD, CAT and
GPx activities and a decrease in the MDA, urea nitrogen, and creatinine concentrations in kidney tissue [48].
It was suggested that PG and its contents also have an antioxidant effect. In other studies related to the
protective effect of PxG in cancer therapy, G-Rh2 administration was shown to prevent neoplastic cell
migration and decrease tumor volume in rats treated with chemotherapeutic agents [49, 50]. In addition,
previous studies showed that Rg-3 and Rg-2, major constituents of PxG, inhibited platelet aggregation and
clotting factor FXa, and exhibited anti-coagulatory activities [51, 52, 53]. In the present study, MTX
administration decreased TF activity of the lung tissue; this finding can be correlated to the bleeding tendency
or the prevent embolism formation in the lung. PxG treatment increased the TF activity to normal levels. On
the other hand, tissue factor activity increased in the liver of MTX-treated animals.

In a study investigating the antioxidant and organ protective effects of Aralia taibaiensis, it was
demonstrated that the anti-oxidant effect was related to the saponin content of the plant, similar to PxG. In
addition, it effectively improved organ injury in in vivo experiments [54]. In a different study, the anti-
inflammatory and anti-oxidant effects of saikosaponin-d, an active ingredient extracted from Bupleurum
falcatum, was investigated and it was reported that it has a hepatoprotective effect in liver injury by
suppressing inflammatory responses, and acting as an anti-oxidant [55]. Parallel with the findings of oxidative
stress parameters, histological findings showed that MTX-induced multi-organ damage was ameliorated with
the antioxidant properties of the saponins in PxG

4. CONCLUSION

In conclusion, obtained data from this study support the hypothesis that PxG extract had potential anti-
oxidant properties on MTX-induced tissue damage in rats. Findings demonstrated that while MTX treatment
impaired oxidant-antioxidant balance, administration of PxG extract to MTX-induced rats significantly
improved and normalized. Obtained results of the present study suggest that Panax gingseng can be considered
a supportive therapeutic agent in preventing hepatorenal, pulmonary, and intestinal toxicities in patients
under methotrexate treatment.

5. MATERIALS AND METHODS
5.1. Experimental Animals

All experimental protocols were approved by the Istanbul Medeniyet University, Science and Advanced
Technologies Research Center (BILTAM), Laboratory Animal Care Unit (DEHAL) [25.03.2022 (2022/2-2)].
Twenty-four male Sprague Dawley rats (250-300 g, 3 months old) were obtained from BILTAM. Rats were
kept at a constant temperature (22 £ 1°C), relative humidity (50-60%), and 12 h light-dark cycles. They were
acclimatized with free access to tap water and regular chow. The rats were housed in the BILTAM and when
working with experimental animals, it was studied in accordance to the institutional animal care and use
committee guidelines.

5.2. Experimental Groups

Twenty-four animals were randomly assigned to the three groups (8 rats in each): Control, MTX and
MTX+PxG. MTX was administered intraperitoneally at 20 mg/kg as a single dose to MTX and MTX+PxG
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groups. Red Korean ginseng (Panax ginseng) root powder was obtained from Casel Ila¢ Sanayi and it was
dissolved in saline [56]. PxG (100 mg/kg) was administered to the MTX+PxG group by oral gavage for five
days [56, 57]. Saline was also given to the control and MTX groups orally, for 5 days [42, 43]. At the end of the
fifth day, rats were decapitated followed by collecting the liver, lung, ileum and kidney tissue samples.
Positive control group (PxG-treated healthy animals) was not included due to the results of previous studies
[42, 56].

5.3. Biochemical Analysis
5.3.1. Glutathione determination

GSH level was determined by modifying Ellman's procedure (Beutler, 1975) [58]. Tissue homogenate on which
deproteinization solution was added was centrifuged at 1500xg for 10 min. 0.5 mL of the supernatant was
added to 2 ml of 0.3 mol/L Na,HPO;-2H>O solution. 0.2 mL dithiobisnitrobenzoate (0.4 mg/mL, 1% sodium
citrate) was added and incubated for 5 minutes. The absorbance was measured at 412 nm. GSH levels were
calculated using an extinction coefficient of 1.36 x 105 M-! cml. Results were expressed in pmol GSH/ g tissue.

5.3.2. Glutathione S-Transferase activity determination

GST activity was determined according to the method of Habig et al. (1981) [59]. Glutathione and 1-chloro-
2,4-dinitro-benzene conjugation product was measured at 340 nm. The GST activity was calculated using the
extinction coefficient (9.6 mM-1 cm) obtained for the compound produced by the conjugation of glutathione
and 1-chloro-2,4-dinitrobenzene. The results were expressed in U/ g tissue.

5.3.3. Lipid peroxidation determination

Lipid peroxidation (LPO) in tissue homogenates was analyzed by the method of Ledwozyw (1986) [60]. A
solution containing 0.375 g TBA and 15% TCA (prepared in 0.25 N HCl) was added to 0.5 mL homogenate.
The samples were kept in a boiling water bath for 15 minutes followed by cooling and centrifuging. Then, the
absorbance of samples was read at 532 nm. Results were expressed in nmol malondialdehyde (MDA)/mL
tissue.

5.3.4. Superoxide dismutase activity determination

SOD activity in tissue homogenates was analyzed by the method of Mylorie and colleagues (1986) [61]. The
absorbance of the color formed in the buffer prepared using 50 mM potassium phosphate buffer-EDTA, 0.2
mM riboflavin and 6 mM o-dianisinide and in the samples kept at 37 °C was read at 460 nm. Results were
expressed as U/ g tissue.

5.3.5. Tissue factor activity

Tissue Factor (TF) activities of liver, lung, and kidney tissues were evaluated according to Quick’s one-stage
method using normal plasma [62]. This was performed by mixing 0.1 mL liver homogenate with 0.1 mL of
plasma, with the clotting reaction being started with the addition of 0.02 M CaCl,. All reagents were in the
reaction temperature (37°C) before admixture. TF activity was expressed as seconds.

5.3.6. Total protein

Total protein levels were measured according to the Lowry method (Lowry et al., 1951) [63] in experimental
groups. The principle of this test is based on the measurement of the colored complex formed by the reduction
of the Folin reagent by the Cu*2 ions in the alkali protein solution in a spectrophotometer at 500 nm.

5.4. Histological Analysis

For the light microscopic evaluation of ileum, liver, lung, and kidney samples, tissues were fixed with 10%
formaldehyde, dehydrated in ascending alcohol series, cleared in toluene and embedded in paraffin.
Approximately 5 pm-thick paraffin sections were stained with hematoxylin and eosin (H&E) and examined
under an Olympus BX51 photomicroscope (Tokyo, Japan).

5.5. Statistical Analysis

GraphPad Prism 5.0v. (GraphPad Software, San Diego, CA, USA) was used for analysis and findings were
given as mean + SD (Standard Deviation). One-way Analysis of variance (ANOVA) followed by a post-hoc
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Tukey test was performed to compare the multiple groups with each other. p< 0.05 was considered statistically
significant.
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