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Abstract

Chinar (Platanus orientalis L.) is used in folk medicine against tooth and knee pain, wounds, inflammation, and stomach
discomfort; however, the effects of P. orientalis leaf (PO-leaf) infusion on the liver and kidney are unknown. The aim of
this study was to investigate the phytochemical composition and antioxidant properties of an infusion obtained from dried
P. orientalis leaves against ethanol-induced oxidative stress (OS) in rats. After a toxicity test, thirty male Wistar rats were
divided into five groups: Control, Ethanol 20%, Ethanol 20% + Silymarin (10 mg/kg), Ethanol 20% + PO-20 mg/mL infu-
sion, and Ethanol 20% + PO-60 mg/mL infusion. The PO-leaf infusion doses were given ad libitum during 28 days to test
the biochemical and antioxidant enzyme levels. According to the results, the PO-leaf contained rich compounds such as
benzaldehyde, palmitic acid, 2,4-ditert-butylphenol, stearic acid, octadecanoic acid, linoleic acid, linolenic acid, kaempferol,
and kaempferol derivatives. In the Ethanol group, AST, ALT, LDH, GGT, UA, and urea in the serum and GST and malon-
dialdehyde (MDA) in the liver and erythrocyte tissues showed a significant increase compared to the Control group. AST,
LDH, GGT, UA, and LDL-C levels in the serum and MDA (all tissues) significantly decreased in the Ethanol + PO-60 mg/
mL group compared to the Ethanol group. SOD, GPx, and CAT activities in the kidney tissue of the Ethanol group showed a
significant decrease compared to the Control group, whereas the GPx activity in kidney tissue in all of the treatment groups
increased significantly compared to the Ethanol group. These findings suggest that the administration of the determined
PO-leaf infusion doses might have a protective role against ethanol-induced liver and kidney damage in rats.
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Introduction

Platanus orientalis (Plantanaceae), also known as Chinar or
Oriental plane, is a deciduous, woody and perennial tree that
is a native of south-western Asia [1]. The Platanus genus
consists of nine species, of which two are found in Asia
and Europe and the remaining species are found in North
America to southern Mexico [2]. The species P. orientalis
and P. occidentalis are distributed in Turkey.

Since ancient times, Chinar has been widely used in
many countries for medical purposes, shade, fuel, and
against air pollution, especially in the removal of heavy
metals, polluted air, and ozone gas [3-5]. Additionally,
the leaves, fruit, seeds, and other structures of Chinar are
used in public health. Phytochemical screening revealed the
presence of many metabolites, like kaempferol 3-O-a-L-
rhamnopyranoside, kaempferol 3-O-f-p-glucopyranoside,
caffeic acid [6], platanoside, tiliroside [7], flavonol glyco-
sides [8, 9], proanthocyanidin glycosides [10], fatty acids
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[11], and phytol derivatives [12]. Medicinal use of Chinar is
well-known as its leaf infusion, extracts, and isolated com-
pounds can be directly or indirectly used for the treatment of
different diseases or discomfort, such as anti-HIV and anti-
cancer [13], antiseptic and anti-inflammatory [3], hoarse-
ness and asthma [14], opthalmia, dysentery, toothache, and
dermatological and rheumatic diseases [1, 15].

Reactive oxygen species (ROS), such as superoxide (O,-),
hydroxyl (HO), hydroperoxyl (HOO), lipid (L), lipid peroxyl
(LOO), peroxy (ROO), lipid alkoxyl (LO), nitrogen dioxide
(NO,), nitric oxide (NO), and protein (P) radicals, are highly
reactive molecules that are naturally generated in small
amounts during the body’s metabolic reactions and can
react with and cause damage to various cell compartments
[16, 17]. Ethanol is known to play a role in either the initia-
tion or progression of carcinogenesis by inducing oxidative
stress (OS) in a rodent model. OS is a complicated con-
secution occurring as endogenous and exogenous sources,
playing an important role in the aging processes, increasing
the risk of chronic disease, and causing fatal consequences
[18]. In recent years, there have been significant advances
in the prevention of diseases caused by OS, especially the
role of free radicals and antioxidants [19]. The efforts of
scientists and traditional therapists to clarify the pharma-
cological properties of medicinal plants and to isolate their
possible active ingredients are increasing for the purpose
of their use in complementary medicine [20]. Many studies
have shown that medicinal plants with natural antioxidants,
such as anthraquinones, flavonoids, aromatic acids, tannins
[21, 22], anthocyanins [23, 24] and silymarin and derivatives
[25], have inhibitory effects on ROS and lipid peroxidation.
Silymarin and derivatives have many biological activities
including being hepatoprotective against toxic chemicals,
alcohol-induced fat infiltration, gallbladder diseases, toxin
and fungal poisoning, and snake/insect bites [26, 27].

The aim of this study was to determine the possible pro-
tective or toxic effects of Chinar leaf infusion on the blood,
liver, and kidney tissues of rats with ethanol-induced OS and
to determine the active agents causing these effects.

Materials and methods
Chemicals

In this study, the ethanol, silymarin, thiobarbituric acid
(TBA), butylated hydroxytoluene (BHT), trichloroacetic
acid (TCA), ethylenediaminetetraacetic acid (EDTA),
reduced glutathione (GSH), metphosphoric acid, 5,5'-dith-
iobis-(2-nitrobenzoic acid) (DTNB), trihydroxymethyl ami-
nomethane (Tris), 1-chloro-2,4-dinitrobenzene (CDNB),
oxidized glutathione (GSSG), B-Nicotinamide adenine
dinucleotide phosphate (NADPH), potassium dihydrogen

phosphate (KH,PO,), sodium chloride (NaCl), and sodium
dihydrogen citrate anhydrous (C4H,NaO,) used were of
technical grade and were supplied by Sigma Chemical Co.
(St. Louis, MO, USA). Kits for the antioxidant enzyme anal-
yses were supplied by Randox Laboratories Ltd.

Analysis of volatile and fatty acid compounds

Volatile compounds and fatty acids present in the leaf
material were analysed via gas chromatography mass spec-
trometry (GC-MS) using a head space solid-phase micro
extraction and identified by the fragment ions and relative
retention indices of their peaks with those of the MS library
standards as described previously [18]. The headspace vol-
ume, heating temperature, and time of the extraction were
optimized according to method of Dogan et al. [18].

Analysis of phenolic compounds

The identification and quantification of phenolic compounds
by high-liquid chromatography-diode array-mass spectrome-
try (LC-DAD-MS/MS) analysis was conducted as described
previously with minor modifications [18].

Plant material and preparation of the infusion

The P. orientalis leaves were collected from Haci Hamza
hamlet, district of Dargecit, city of Mardin, in the south-
eastern Anatolian region of Turkey, (GPS coordinates:
37°33'19.7"N; 41°47'43.3"E) in August, 2017. The iden-
tification of the samples was confirmed by Dr. Abdullah
Dalar at the Department of Pharmaceutical Botany, Faculty
of Pharmacy, Van Yuzuncu Yil University, Turkey, and a
voucher specimen was deposited in the university’s herbar-
ium (Herbarium code: 340 and Collector No: A.D-761, Van
Yuzuncu Yil University Faculty of Pharmacy Herbarium).

The fresh P. orientalis leaf samples were washed under
tap water and dried at room temperature in the dark until dry.
The powdered samples were kept in boiling water (100 °C)
for about 2 min. Next, the heating was stopped and the
ground leaves were allowed to remain in the water for about
15 min. Subsequently, the liquid in the container was first
filtered through a gauze cloth (rough-hew) and then through
a 0.45 pm hydrophilic filter (Millipore) using an injector.

Animals

Male Wistar albino rats of approximately 2 months of
age and an average weight of 200 g were provided by the
Experimental Animal Research Centre, Van Yuzuncu Yil
University (Van, Turkey). They were divided into five
groups, with each group containing six rats. The animals
were housed at 25 +2 °C at a daily light/dark photoperiod
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of 10:14. All of the animals were given a wheat-soybean-
based diet and water ad libitum in stainless steel cages, and
received humane care according to the criteria outlined
in the ‘Guide for the Care and Use of Laboratory Ani-
mals’ prepared by the National Academy of Science and
published by the National Institute of Health. The ethic
regulations followed were in accordance with national and
institutional guidelines for the protection of animal welfare
during experiments. This study was approved by the Eth-
ics Committee of Van Yuzuncu Yil University (Protocol
number: 27552122-604.01.02-E.70881).

Acute toxicity test

The study followed the acute oral toxicity method (test
423) described in the Organisation for Economic Co-oper-
ation and Development guidelines. A range of infusions (5,
10, 20, 40, 80, 160, and 320 mg/mL) was orally adminis-
trated to the six rats for 1, 2, 3, 4, 5, 6, and 7 days, respec-
tively. The animals were given food and water ad libitum.
Neither symptoms of toxicity nor mortality were observed
over the period of a week.

Experimental design

The rats were randomly divided into five groups, with each
containing six rats.
Control group The rats received tap water and a
standard pellet diet ad libitum.
The rats received 20% ethanol
water and a standard pellet diet
ad libitum. The dose of ethanol
was selected on the basis of a 20%
concentration that was admin-
istered orally, which caused OS
[28].

The rats received 20% ethanol
water and silymarin (10 mg/kg,
single dose per day) and were
treated orally during the experi-
mental period.

The rats received 20% ethanol
water and P. orientalis (20 mg/
mL) leaf infusion during the
experimental period.

The rats received 20% ethanol
water and P. orientalis (60 mg/
mL) leaf infusion during the
experimental period.

Ethanol group

Ethanol + Silymarin

Ethanol +PO-20 group

Ethanol + PO-60 group
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Preparation of the tissue supernatant
and erythrocyte pellets

At the end of the 28 days experiments, the rats were anes-
thetized via an injection of ketamine (5 mg/100 g of body
weight), intraperitoneally. The blood samples were taken
using a cardiac puncture and put immediately into bio-
chemical and hemogram tubes. Subsequently, the samples
were centrifuged at 4000 xg for 15 min at 4 °C in order to
obtain serum samples for measurement of the biochemical
parameters. The hemogram tubes, with EDTA as an anti-
coagulant, and were centrifuged at 4000 xg for 15 min at
4 °C and erythrocyte pellets were obtained. Next, the pellets
were washed three times with physiological saline (0.9%
NaCl) and finally, the erythrocytes burst when placed in
cold-dH,O water.

The liver and kidney tissues were dissected and put into
Petri dishes. Subsequently, the samples were taken and kept
at — 78 °C until analysis. The tissues were homogenized for
5 min in 50 mM of ice-cold potassium dihydrogen phosphate
(KH,PO,) solution (1:5 w/v) using a stainless steel probe
homogenizer (SONOPULS HD 2200, Bandelin, Berlin,
Germany), and then subsequently centrifuged at 7000 Xg
for 15 min. All of the processes were carried out at 4 °C.
Supernatants were used to determine antioxidant defence
systems (ADS) constituents and malondialdehyde (MDA)
contents as described previously [29].

Measurement of the biochemical parameters

Serum biochemical parameters aspartate aminotransferase
(AST), alanine aminotransferase (ALT), lactate dehydroge-
nase (LDH), alkalane phosphatise (ALP), y-glutamyl trans-
ferase (GGT), glucose (Glu), urea, uric acid (UA), creati-
nine (CREA), total bilirubin (TB), albumin, triglycerides
(TRIGS), cholesterol (CHOL), HDL-cholesterol (HDL-C),
and LDL-cholesterol (LDL-C) were measured using an auto
analyser (ARCHITECT 16,200, Abbott Park, IL 60,064,
USA) and Abbott biochemistry kits (USA).

Measurement of ADS enzymes and lipid
peroxidation

Glutathione-S transferase (GST) was assayed by following
the conjugation of glutathione with 1-chloro-2,4-dinitroben-
zene (CDNB) at 340 nm, as described by Mannervik and
Guthenberg [30]. Glutathione peroxidase (GPx) activity
was measured using a method based on that of Paglia and
Valentine [31]. GPx catalyses the oxidation of glutathione
by cumene hydroperoxide. In the presence of glutathione
reductase and NADPH, the oxidized glutathione is con-
verted to a reduced form with the concomitant oxidation of
NADPH. The resulting decrease in absorbance at 340 nm



Molecular Biology Reports (2019) 46:3049-3061

3053

can be measured by a spectrophotometer. Superoxide dis-
mutase (SOD) activity was measured at 505 nm by calcu-
lating the inhibition percentage of the formazan dye forma-
tion [32]. Catalase (CAT) activity was determined using the
method described by Aebi [33], based on the rate of H,0,
consumption and as the decrease in absorbance at 240 nm.
The erythrocyte and tissue MDA concentrations were deter-
mined using the method described by Jain et al. [34], based
on TBA reactivity. The erythrocyte and tissue reduced glu-
tathione (GSH) concentrations were measured using the
method described by Beutler et al. [35].

Statistical analysis

All of the data were expressed as the mean + standard
deviation (SD). The statistical analyses were made using
the Minitab 13 packet program for Windows. The 1-way
analysis of variance (ANOVA) was used to determine the
differences between the means of the experimental groups
and statistical significance was accepted as P <0.05.

Results

The volatile, fatty acid and chemical compositions
of PO-leaf crude material

The GC-MS analysis revealed that fatty acids were the main
component of the volatile composition of the P. orientalis
leaf (PO-leaf) crude material. Stearic acid (44.23% contri-
bution) was the dominant fatty acid detected in the PO-leaf
crude material, followed by palmitic, octadecanoic, lino-
lenic, and linoleic acids (8.12%, 5.91%, 2.99%, and 1.10%
contributions, respectively). In the PO-leaf crude material,
2,4-ditert-butylphenol, which is a member of the class of
phenols, was determined to have a relative concentration
of 15.58%, while benzaldehyde, the simplest representative
of the aromatic aldehydes, had a relative concentration of
4.15% (Table 1; Fig. 1).

As a result of the high-performance liquid chromatog-
raphy (HPLC) and spectral analyses shown in (Fig. 2), the
major compound in the PO-leaf crude material was deter-
mined as kaempferol. As a result of the acid hydrolysis treat-
ment, the peaks of the compounds in the chromatogram were
lost and the amount of kaempferol compound significantly
increased in the PO-leaf crude material. A kaempferol com-
pound standard was also carried out in the HPLC, which was
compared with the kaempferol in the extract to the spectral
characteristic, co-chromatography, and delivery times. It was
determined that the dominant compound in the extract was
kaempferol and kaempferol derivatives.

Table 1 Representative volatile and fatty acid compositions of P. ori-
entalis leaves

Compounds Volatile and fatty acids composition
Fragment ions Relative
concentration
(%)
Benzaldehyde 35.07 4.15
Palmitic acid 37.12 8.12
2 4-ditert-butylphenol 39.46 15.58
Stearic acid 40.82 44.23
Octadecanoic acid 41.17 591
Linoleic acid 42.57 1.10
Linolenic acid 44.06 2.99

Acute toxicity studies

Toxicity testing of new drugs or herbal substances is impor-
tant for drug development or herbal use processes. The ani-
mals showed good tolerance to the testing of seven (5, 10,
20, 40, 80, 160, and 320 mg/mL) doses of PO-leaf infu-
sion; PO-leaf infusion at a dose as high as 320 mg/mL was
found to be non-lethal. The determined doses of PO-leaf
infusion did not result in any noticeable signs of toxicity
and mortality after ad libitum administration orally for 7
days. Therefore, the PO-leaf infusion is safe for long term
administration.

PO-leaf infusion effects on live body weight
and liquid consumption

As shown in Table 2, the live body weight (LBW) of the
animals in the 3rd week had significantly increased com-
pared to the 2nd and 4th weeks. In the Ethanol + PO-20 mg/
mL group, the LBW in the 2nd and 4th week had decreased
significantly compared to the 1st week. Moreover, in the
Ethanol 4+ PO-60 mg/mL group, the LBW in the 2nd week
had significantly increased compared to the other weeks.
In the ethanol group, fluid consumption in the 3rd and
4th weeks had significantly increased compared to the 1st
and 2nd weeks. In the other groups, changes in the weekly
fluid consumption were not statistically significant.

PO-leaf infusion effects on the biochemical
parameters

Results for the levels of the serum biochemical param-
eters are given in Table 3. The levels of AST, ALT, LDH,
GGT, UA, and urea in the Ethanol group increased sig-
nificantly when compared to the Control group; however,
the CHOL and HDL-C levels exhibited just the opposite
effect in these groups. The LDH, GGT, TB, and LDL-C
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Fig. 1 Volatile and fatty acids
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were markedly lower in the Ethanol 4+ Silymarin group than
the Ethanol group. Two doses of PO-leaf infusion resulted
in a significant preventive role against Ethanol toxicity by
decreasing the levels of AST, LDH, GGT, UA, LDL-C
(Ethanol + PO-60 mg/mL group) ALP, UA, and HDL-C
(Ethanol + PO-20 mg/mL group). Moreover, it was seen that
PO-leaf infusion could be more effective than silymarin (i.e.
GGT and HDL-C).

PO-leaf infusion effects on the MDA and GSH
parameters

As shown in Fig. 3, following exposure in the experimental
groups, the effects of ethanol, silymarin, and PO-leaf infu-
sion on the MDA content and GSH level were evaluated. All
of the groups showed exposure to ethanol in the liver tissue
and erythrocytes. In the Ethanol group, the MDA content
increased significantly compared to the Control, but in the
liver tissue (Ethanol 4+ Silymarin and Ethanol + PO-60 mg/
mL), kidney tissue (Ethanol +PO-leaf infusion) and eryth-
rocytes (Ethanol +PO-60 mg/mL), the MDA was signifi-
cantly decreased in the groups compared to the Ethanol
group. The GSH level in the liver tissue in the Ethanol and
Ethanol + PO-60 mg/mL groups was significantly decreased
compared to the Control, and there was no statistically sig-
nificant difference between groups in the other tissues.

PO-leaf infusion effects on the antioxidant enzymes

Results for the antioxidant enzymes are shown in Table 4.
GST activity in liver tissue showed a significant increase in
the Ethanol group compared to the Control group. Though
the PO-leaf infusion elevated the SOD, GPx, and CAT
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activities, Ethanol significantly reduced levels in the kidney
tissue in general.

Moreover, the GPx activity in the kidney tissues of
the Ethanol +PO-60 mg/mL group was significantly
increased compared to the Ethanol + Silymarin and Etha-
nol +PO-60 mg/mL groups. The GST activity in the eryth-
rocytes showed a significant increase in the Ethanol and all
of the other treated groups compared to the Control group
(Table 4).

Discussion

Platanus orientalis leaves are widely used in folk medi-
cine as a wound-healer and ophthalmologic agent, tooth
and knee pain killer, analgesic, and anti-inflammatory [3,
36], and so on; however, it is possible that positive or nega-
tive effects on some organs or tissues are not known. In this
study, we aimed to determine possible protective or toxic
effects of PO-leaf infusion on the blood, liver, and kidney
tissues of rats with ethanol-induced OS. Our other aim was
to determine the active substances present in PO-leaf infu-
sion. Moreover, silymarin is widely accepted drug used to
against liver damage; therefore, silymarin was used to set a
positive control group.

Ethanol-induced OS is used in experimental animal mod-
els in pre-clinical studies to determine potential protective
or toxic effects of herbal products with drug potential [37,
38]. The liver is the most important organ responsible for
alcohol metabolism in the body. Alcohol dehydrogenase
and Cytochrome P450 Family 2 Subfamily E Member 1
(CYP2EI) are major enzymes that catalyze alcohol into acet-
aldehyde, and then aldehyde dehydrogenase catalyzes acetal-
dehyde to acetic acid [39]. Ethanol consumption causes OS
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by decreasing ATP and NAD*/NADP levels in the cell and
increasing cytokines, tumor necrosis factor alpha (TNFa),
and Kupffer cell activation. Moreover, the ethanol treatments
increase the production of ROS, lower cellular antioxidant
levels, and enhance OS in many tissues, such as the liver,
kidney, blood, and brain [16]. ROS production increased
biochemical damage markers like AST, ALT, LDH, GGT,
CREA, UA, and urea, and MDA levels are increased, while
antioxidant enzyme levels are decreased. A variety of enzy-
matic antioxidants aid in the elimination of ROS, includ-
ing SOD, CAT, GPx, GR, and CAT, and non-enzymatic
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antioxidants, such as GSH, a-tocopherol, ascorbate, vitamin
A, ubiquinone, uric acid, and bilirubin [40].

According to the results of the HPLC and GC-MS,
kaempferol and its derivatives, stearic acid, palmitic acid,
octadecanoic acid, linolenic acid, linoleic acid, 2,4-Ditert-
Butylphenol, and benzaldehyde compounds were deter-
mined in the PO-leaf raw materials. In the leaf, kaempferol
and its derivatives were the major hydrophilic compounds,
while stearic acid, 2,4-Ditert-butylphenol, and palmitic acid
were the major lipophilic compounds detected. In previ-
ous studies, it was determined that P. orientalis plants had
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Table 2 Effects of silymarin and PO-leaf infusion on LBW and liquid consumption against ethanol-induced OS in rats

Weeks  Groups
Control mean+SD  Ethanol mean+SD  Ethanol + Sily- Ethanol + PO- Etil
marin 20 mg/mL alkol +PO-60 mg/
Mean+SD Mean +SD mL Mean +SD
Body weight (g) Ist 267.00+16.24 243.00+25.13 228.67+28.97  254.67+31.21 216.33+10.91
2nd 263.33+12.11 228.59+24.25 215.65+25.18  217.00+27.85* 254.67 +35.32°
3rd 281.00+ 12.70° 233.67+18.52 233.00+28.78  229.33+30.16 209.67 + 18.65°
4th 263.34+12.11¢ 228.66 +24.23 215.64+25.18  208.67+20.30* 188.00+£20.51%
Liquid consumption (mL)  1st 302.86 +66.26 106.43 +8.52 112.86+11.13 130.00+46.55 127.14 +55.89
2nd 262.86+57.65 130.00+42.82 130.23+23.80 135.43+19.65 117.14+12.54
3rd 258.57+35.79 145.71 £52.55%® 178.57+50.47 125.43+21.13 111.43+9.00
4th 248.57+43.75 141.43 +54.29% 180.01 +£52.63 127.57+21.63 118.57+10.11

Data were expressed as the mean + SD. One-way ANOVA followed by the Tukey test, when appropriate (n=6 animals for each of the 5 groups)

*Difference between 1st week with the other weeks in the same column was significant (P <0.05)

"Difference between 2st week with the other weeks in the same column was significant (P <0.05)

‘Difference between 3rd week with the 4th week in the same column was significant (P <0.05)

Table 3 Effects of silymarin and PO-leaf infusion on the biochemical parameters against ethanol-induced OS in rats

Parameters Groups
Control mean +SD Ethanol mean+SD Ethanol +Silymarin ~ Ethanol+PO-20 mg/  Etha-
mean+SD mL mean +SD nol +PO-60 mg/
mL mean + SD
AST (U/L) 98.33+10.82 119.20+16.08* 102.40+16.38 103.67 +10.29 96.83+14.19°
ALT (U/L) 33.50+3.56 45.00+9.75% 40.00+5.43* 41.17+4.83* 44.67+4.55%
LDH (U/L) 740.50+130.79 962.80+ 144.59* 732.80+166.71° 862.67 +£239.92 728.33+108.23°
ALP (U/L) 165.50+37.36 201.00+£19.33 179.60 +38.04 172.00£22.11° 177.83 +£27.14
GGT (U/L) 2.10+0.37 10.27 +1.70° 7.75+1.36™ 11.42+1.87% 6.33+1.323
CREA (mg/dL) 0.54+0.04 0.55+0.04 0.55+0.04 0.51+0.03 0.55+0.06
UA (mg/dL) 1.88+0.42 3.40+0.85? 222+1.58 1.70+0.55° 1.92 +0.46°
Urea (mg/dL) 41.50+£4.04 51.00+4.30° 48.80+8.17 47.83+4.88* 52.00+7.13*
TB (mg/dL) 0.12+0.02 0.10+0.02 0.14+0.02° 0.12+0.02 0.12+0.01
Albumin (g/L) 28.17+3.31 29.80+1.10 30.20+2.17 30.50+1.22 30.33+1.21
Glu (mg/dL) 154.33+40.40 152.80+£29.06 143.60+£19.78 163.17 +28.07 153.17+£23.98
TRIG (mg/dL) 70.33+17.68 82.80+15.87 83.00+16.39 107.17+20.76* 86.83+23.47
CHOL (mg/dL) 62.17+9.56 4520+3.11* 44.40+6.54* 53.00+6.32 51.33+9.03
HDL-C (mg/dL) 47324597 29.90+2.19° 29.80+3.18* 34.73+3.02% 34.77+5.80%
LDL-C (mg/dL) 12.15+1.34 13.98 +2.00 9.96+ 1.82% 11.57+1.88 10.97+£2.21°

Data were expressed as the mean + SD. One-way ANOVA followed by the Tukey test, when appropriate (n=6 animals for each of the 5 groups)

“Difference between the Control group and the other groups was significant (P <0.05)

"Difference between the Ethanol group and the other groups was significant (P <0.05)

“Difference between the Ethanol + Silymarin group and the other groups was significant (P <0.05)
Difference between the Ethanol + PO-20 mg/mL group and the Ethanol +PO-60 mg/mL was significant (P <0.05)

kaempferol and its derivatives, quercetin, nicotiflorin, and
routine and coumaric acid contents [1, 7]. In another study, it
was reported that octadecanoic acid, 2-myristynoyl panteth-
eine, strychane, dodecane, tetradecane, n-hexadecanoic
acid, ursolic aldehyde, B-sitosterol, betulin, and many other

@ Springer

phytochemicals were present in P. orientalis leaves [15]. In
the same study, it was reported that P. orientalis has anti-
oxidant, anti-microbial, anti-septic, analgesic, anti-nocice-
ptive, anti-hepatotoxic, anti-inflammatory, and anti-cancer
activities. This effect of the plant is probably the result of the
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Fig. 3 Effects of silymarin and
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Table 4 Effects of silymarin and PO-leaf infusion on the antioxidant enzymes against ethanol-induced OS in rats

Tissues Enzymes Groups
Control Mean +SD Ethanol Mean +SD Ethanol + Silyma-  Ethanol +PO- Etha-
rin Mean+SD 20 mg/mL nol +PO-60 mg/
Mean +SD mL Mean+SD
Liver SOD U/g 54.58+7.07 46.58+7.99 49.39+11.18 51.34+12.22 48.82+7.40
GPx U/g 8.11+1.76 7.49+0.94 720+1.75 6.67+0.91 727+1.85
CAT nmol/g 18.89+1.70 16.90+2.77 17.55+1.92 17.15+3.25 16.93+1.11
GST nmol/g 47.46+3.29 56.74+6.28% 46.75+8.59 52.04+12.33 53.51+7.28
Kidney SOD U/g 128.06 +18.99 72.95+21.12° 74.85+13.41° 65.33+10.66* 83.04+15.17%
GPx U/g 12.43+2.28 4.45+1.09* 8.24+2.05% 14.85+3.13% 17.24 £0.528¢
CAT nmol/g 29.45+7.68 17.37+2.91% 18.08 +3.77* 13.92+2.48 20.65+3.41
GST nmol/g 18.32+5.89 22.26+5.03 16.80+4.57 18.07£4.41 20.80+3.99
Erythrocyte SOD U/g 57.57+12.34 47.84+11.30 48.78+£8.93 58.26 +12.06 53.84+12.74
GPx U/g 23.39+5.66 19.31+2.31 19.07+3.86 20.58+4.23 19.96+2.42
CAT nmol/g 10.38+1.60 9.04+1.75 11.13+0.93° 10.92+1.65 10.79+0.89
GST nmol/g 1.49+0.29 2.87+0.62* 3.03+0.69* 2.57+0.47* 2.56+0.71°

Data were expressed as the mean + SD. One-way ANOVA followed by the Tukey test, when appropriate (n=6 animals for each of the 5 groups)

“Difference between the Control group and the other groups was significant (P <0.05)

®Difference between the Ethanol group and the other groups was significant (P <0.05)

“Difference between the Ethanol + Silymarin group and the other groups was significant (P <0.05)
Difference between the Ethanol + PO-20 mg/mL group and the Ethanol +PO-60 mg/mL was significant (P <0.05)

active substance content. Hence, as shown in many studies,
the protective effects of the plants are bound to the active
substance content [21, 41, 42].

The present study showed that ingesting the PO-leaf infu-
sion resulted in no toxicity to the liver, kidney, or blood, and
no adverse effects on the growth parameters in rats over the
28 days were observed. According to our results, although
the weekly fluid consumption did not change in the PO-leaf
infusion treatment groups, the LBWs decreased significantly
in the last weeks compared to the first weeks. Although the
mechanism under the body weight reduction is unclear, as
shown in our results, the PO-leaf content may be the result
of the effects of kaempferol and derivatives. In some studies
that support this idea, kaempferol and its derivatives have
been reported to reduce the LBW and plasma lipid levels
[43, 44]. According to the LBW findings, it was concluded
that the PO-leaf infusion could be attempted as a diet strat-
egy for obesity and weight balance due to the weight gain
inhibiting agent contents.

The AST, ALT, LDH, and GGT activities in the serum
are commonly used as biochemical markers/indicators for
hepatic damage. Moreover, leakage of these indicators from
hepatic cells into the blood due to damage to the liver results
in increased enzyme activities. For similar reasons, CREA,
UA, urea, TB, TRIG, LDL-C, HDL-C, and CHOL were also
used as indicators to assess the healthy condition of the liver
or kidney [21, 45]. Our findings showed that serum damage
indicator parameter levels were increased in Ethanol-treated
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rats, which is suppressed by co-treatment with two doses
of PO-leaf infusion, especially at high doses. Reference lit-
erature cannot be provided because no studies exist in the
literature on P. orientalis trees being associated with this
subject. However, some plants, similar to the active ingre-
dient content of the P. orientalis tree, have been reported
to significantly reduce the biomarker parameter levels of
ethanol-induced liver and kidney damage [46—48]. The anti-
oxidant protective properties of P. orientalis leaves might be
responsible for these positive effects of the PO-leaf infusion
on the liver, kidney, and blood.

Alcohol-induced OS is linked to the metabolism of
ethanol, and ethanol consumption leads to increased lipid
peroxidation in the cell membrane and a decrease in anti-
oxidant enzyme activity in the cells [29, 49]. According to
the obtained results, ethanol treatment drastically altered the
MDA content of the model animals, while these alterations
were significantly ameliorated by the PO-leaf infusion in the
experimental group. In addition, the erythrocyte tissue MDA
content showed a significant reduction with PO-leaf 60 mg/
mL compared to all of the other groups. The reasons for
such an effect of ethanol and the PO-leaf infusion treatment
are not understood at present. However, the increased MDA
content might have resulted from an increase of ROS as a
result of stress conditions in the rats by ethanol intoxication.
In many studies, it was concluded that increased ROS pro-
duction and the MDA content of cell or tissue damage were
observed and this damage was suppressed in the treatment
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groups [46, 50, 51]. It can be concluded that PO-leaf infu-
sion prevented lipid peroxidation by clearing the ROS of
kaempferol derivatives and essential fatty acids.

Live cells have important in vivo antioxidant enzyme
activities, such as SOD, GPx, GST, GR, and CAT and/
or non-enzymatic antioxidant compounds, such as GSH,
vitamins, and so forth. These protective structure mecha-
nisms have evolved to protect cells against ROS, including
CAT and GPx, which remove H,0,; SOD, which removes
0,7; GST, which can remove xenobiotics by forming thiol
groups; GR, which converts oxidized glutathione (GSSG)
into reduced GSH (GSH is the cofactor of many antioxidant
enzymes that is found in almost all cells) [16, 29]. Therefore,
the healthy functioning of the antioxidant defence system is
very important to protect the organism against exogenous
and endogenous pests. Studies have reported significant
reductions in antioxidant enzyme activities in rats exposed
to ethanol [49, 52, 53]. On the other hand, there are many
studies that have shown that administration of antioxidants
or antioxidant-rich extracts can prevent or ameliorate the
toxic actions of ethanol [46, 54, 55]. Our findings were in
parallel with previous studies. The positive effects of the PO-
leaf infusion used on the antioxidant enzymes of the kidney
tissue and GST in the other tissues were particularly promi-
nent. The use of a PO-leaf infusion may contribute signifi-
cantly to the prevention of kidney disease and kidney-related
diseases due to its positive effects on antioxidant enzymes
in kidney tissue. Moreover, CREA, which is an indicator of
renal failure, was found to be close to the Control group. The
increased activity of GST in the liver and erythrocytes indi-
cated that it presents as a protective response to the elimina-
tion of xenobiotics [56]. The reasons for such an effect from
the PO-leaf infusion may be due to the presence of various
compounds, such as kaempferol and its derivatives, essential
fatty acids, and benzaldehyde. In various studies, these com-
pounds have been reported to increase antioxidant enzyme
activities against OS and reduce lipid peroxidation [57-60].
In brief, our results indicated that the use of a PO-leaf infu-
sion at determined doses possessed potential antioxidant,
hepatoprotective, and nephroprotective properties, and has
therapeutic potential for the treatment of liver and kidney
diseases.

Conclusion

When all of the data were evaluated, it was determined that
P. orientalis leaves possess antioxidant-rich kaempferol and
its derivatives, benzaldehyde, palmitic acid, 2,4-ditert-butyl-
phenol, stearic acid, octadecanoic acid, linoleic acid, and
linolenic acid. It was revealed for the first time herein that
ingesting a PO-leaf infusion might have positive effects on
weight loss, hepatoprotective, nephroprotective, and various

blood parameters against ethanol-induced OS in rats. As a
further study, PO-leaf infusion should be tested for immu-
notoxicity and norotoxicity in rodent models.
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