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a b s t r a c t

Cisplatin (CDDP) is an important chemotherapeutic agent, accumulation of which in kidney tissue causes
nephrotoxicity and renal failure. The aim of this study was to evaluate, for the first time in the literature,
the protective effect of dimethyl sulfoxide (DMSO) extract of Primula vulgaris leaf (PVE) against CDDP-
induced nephrotoxicity in rats.
The PVE content was characterized using liquid chromatography-mass spectrometry. Nephrotoxicity

was induced with a single dose of CDDP (7.5 mg/kg). Thirty female Wistar-Albino rats were divided into
five groups (control, DMSO, CDDP (7.5 mg/kg), CDDP + PVE (25 mg/kg), and CDDP + PVE (50 mg/kg)).
Biochemical and histopathological analyses were then performed.
Rutin, gallic acid, p-coumaric acid and protocatechuic acid were identified as major components of PVE.

Total antioxidant status and glutathione (GSH) values increased significantly in the serum samples from
the treatment group compared to the CDDP group, while blood urea nitrogen, creatinine, oxidative stress
index, malondialdehyde (MDA), tumor necrosis factor-alpha (TNF-a), total oxidant status, and 8-hydro
xy-20-deoxyguanosine (8-OHdG) values decreased significantly. GSH levels increased significantly in
the treatment group compared to the CDDP group, while TNF-a, caspase-3, 8-OHdG, MDA levels and
damage scores decreased significantly.
In conclusion, PVE exhibited strong protective effects through its anti-apoptotic, antioxidant, and anti-

inflammatory activities against nephrotoxicity and oxidative damage caused by CDDP in rats.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is excessive cell proliferation caused by reduced apopto-
sis and/or loss of cell cycle control mechanisms (Turan et al., 2018).
The treatment of most cancers usually involves the use of
chemotherapy and radiotherapy (Demir et al., 2018). Although cis-
platin (CDDP) is an important pharmaceutical agent used in the
treatment of solid tumors, side-effects such as nephrotoxicity limit
its use (Sayed, 2009; Kandhare et al., 2017). The mechanisms
involved in the nephrotoxicity caused by CDDP are complex and
include several processes, such as CDDP-induced epithelial cell
death, mitochondrial dysfunction, DNA damage, apoptosis, inflam-
mation, and oxidative stress. Consequences of impaired kidney
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Table 1
Results of phytochemical characterization of PVE with LC-MS/MS.

Analyte lg/g sample

Pyrogallol ND
Gallic acid 60.58
Protocatechuic acid 28.42
Protocatechuic aldehyde 0.64
Sesamol ND
Catechin ND
Gentisic_acid ND
Epicatechin ND
Caffeic acid ND
Vanillin 2.44
Syringic acid ND
Syringaldehyde ND
Taxifolin 14.56
p Coumaric acid 23.36
Sinapic_acid ND
Salicylic acid ND
Ferulic acid ND
4-Hydroxybenzoic acid 0,4
Rosmarinic acid ND
Oleuropein ND
Rutin 385.28
Resveratrol 2,06
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function in a decrease in glomerular filtration rate, hypokalemia,
decreased renal blood flow, increased blood creatinine levels and
hypomagnesemia (Elsherbiny et al., 2016; Miller et al., 2010). More
than 8000 polyphenols and polyphenol-derived compounds
exhibiting antioxidant activity have been identified in plants
(Chang et al., 2023). Natural products containing these are there-
fore used as potential agents for the treatment and prevention of
conditions such as aging, cardiovascular diseases, diabetes, and
cancer (Li et al., 2014). The use of herbal medicines has recently
increased due to their protective effects against organ toxicities
(Dogan et al., 2022). Primula vulgaris belongs to the Primulaceae
family, which contains more than 400 species (Demir et al.,
2019). Primula species are rich in saponins, tannins, alkaloids, ter-
penes, and phenolic compounds, and their antigenotoxic, wound-
healing, anti-inflammatory and antiproliferative properties have
been described in various studies (Demir et al., 2018, 2019;
Turan et al., 2017, 2018). Our study investigated the in vivo protec-
tive effect of P. vulgaris leaf extract (PVE), with its powerful antiox-
idant properties, against damage such as apoptosis, DNA injury,
increased inflammation, oxidative stress, and nephrotoxicity
caused by CDDP.
Ellagic acid 8,28
Cinnamic_acid ND
Naringenin ND
Quercetin 14.14
Kaempferol ND
Galangin ND
Flavone 20.92
2. Materials and methods

2.1. Chemicals

Cis-diamminedichloroplatinum (II) (CDDP), H3PO4, thiobarbi-
turic acid (TBA), acetic acid, dimethyl sulfoxide (DMSO, 99.5%),
1,1,3,3-tetramethoxypropane, HCl, and H2SO4 were purchased
from Sigma (St. Louis, MO, USA). Pierce BCA protein assay kits were
obtained from Thermo Scientific (Waltham, MA, USA), glutathione
(GSH), caspase3- (CASP3), 8-hydroxy 20 deoxyguanosine (8-OHdG),
and tumor necrosis factor alpha (TNF-a) enzyme-linked
immunosorbent assay (ELISA) kits from USCN (Wuhan, China),
and total oxidant status (TOC) and total antioxidant status (TAC)
analysis kits from Rel Assay (Gaziantep, Türkiye).

2.2. Extract preparation

P. vulgaris leaves collected from Trabzon province in Türkiye
were dried at room temperature and converted into powder (IKA,
Staufen, Germany). Next, 0.5 g of powder was mixed with 10 mL
of DMSO and left to incubate for 24 h at 45 �C with continuous
shaking (Shell Lab, Cornelius, USA) at 150 rpm. The resulting super-
natant was then lyophilized (Xianou-12 N, China). In the experi-
mental stages, the extracts were dissolved with DMSO (Demir
et al., 2018).

2.3. Identification and quantitation of phenolic compounds

Liquid chromatography – triple quadrupole mass spectrometry
(LC-MS/MS) analyses were conducted using a Dionex Ultimate
3000 model Thermo Scientific UHPLC coupled to a tandem MS
(TSQ Quantum Access Max) instrument. A liquid chromatography
device consisting of an autosampler, column chamber, dual pump,
and degasser was used. A C18 reversed-phase Inertsil ODS Hypersil
(250 mm � 4.6 mm, 5 lm) analytical column used for chromato-
graphic separation, the temperature being fixed at 30 �C. The elu-
tion gradient consisted of mobile phase A (water with 0.1%
formic acid) and mobile phase B (methanol). The program was
fixed as follows: 0–1 min, 0% B; 1–22 min, 95% B; 22– 25 min,
95% B; 25–30 min, 100% B. The total evaluation time was set to
34 min with conditioning time. The solvent flow rate and injection
volume were adjusted to 0.7 mL/min and 20 lL, respectively. The
mobile phase employed for this study was selected after a combi-
2

nation of several trials to determine the optimal ionization and
separation of the molecules. The compounds listed in Table 1 were
analyzed using LC MS/MS (Kayir et al., 2023).
2.4. Experimental design

Eight-week-old female Wistar-Albino rats weighing 200–250 g
were used in the study (Abdel Moneim et al., 2014). The experi-
ments were conducted with the World Medical Association Decla-
ration of Helsinki and approved by the Karadeniz Technical
University animal experiments local ethical committee (protocol
no. 2019/64). All rats were housed under optimum conditions (ap-
propriate ventilation system, light cycle 12-h light/12-h dark, rela-
tive humidity 50–60% and temperature 23 ± 2 �C) and were given
water ad libitum and pellet feed (Palipoch et al., 2013).

The rats were divided into five groups and housed in cages with
six animals in each group;

Group I, the control group, received 0.5 mL saline solution
intraperitoneally (i.p.) for six days.

Group II, the CDDP group, received 0.5 mL CDDP (7.5 mg/kg) on
the first day and saline for the following five days.

Group III, the DMSO group, received 0.5 mL DMSO for six days.
Group IV, the PVE-1 group, received CDDP (7.5 mg/kg) on the

first day and PVE (25 mg/kg) for five days.
Group V, the PVE-2 group, received CDDP (7.5 mg/kg) on the

first day and PVE (50 mg/kg) for five days (Jamshidzadeh et al.,
2016; Korkmaz et al., 2017). On the seventh day, blood and kidney
tissues were collected from all the experimental group rats under
deep anesthesia. After the experimental period, all rats were sacri-
ficed by removing blood from the left ventricle under deep anaes-
thesia with ketamine (90 mg/kg) + xylazine (10 mg/kg). Animals
under deep anesthesia blood samples were taken. Blood samples
taken in biochemistry tubes with separator gel were kept at room
temperature for 20 min for clotting. After clotting, they were cen-
trifuged at 4000 rpm for 10 min. After centrifugation, the serum
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portions were carefully transferred to micro-volume tubes and
stored at �80 �C until the study. (Baltaci et al., 2016).

2.5. Biochemical analysis

One hundred milligrams of tissue sample was homogenized at
9500 rpm in 2 mL of phosphate buffer (PBS) (pH: 7.4) (IKA, Staufen,
Germany). The protein content of the samples was measured using
a commercial kit (Thermo Scientific Pierce BCA Protein Assay Kit,
Rockford, lL, USA). Malondialdehyde (MDA) levels were deter-
mined using the method developed by Uchiyama and Mihara
(Uchiyama and Mihara, 1978). Tissue MDA levels were expressed
as nmol/mg protein. Tissue TAC and TOC values were determined
using colorimetric kits (Rel Assay Diagnostics, Gaziantep, Türkiye)
in line with the producer’s recommendations. The TOC/TAC ratio
was adopted as the oxidative stress index (OSI) using the formula
(Demir et al., 2020)

OSIðarbitrary unitÞ ¼ TOS ðl mol hydrogen peroxide equivalent=LÞ
TAS ðlmol trolox equivalent=LÞ

� 100

GSH, 8-OHdG, caspase-3, and TNF-a levels were measured
using ELISA kits (USCN, Wuhan, China). Creatinine (Crea) and blood
urea nitrogen (BUN) values were determined using an autoana-
lyzer (Beckman Coulter AU5800, Brea, CA, USA).

2.6. Histological analysis

Kidney tissues were subjected to routine histological tissue pro-
cessing. Serial sections 5 lm in thickness were then taken from the
paraffin-embedded blocks (Leica RM 2255, Leica Instruments, Nus-
sloch, Germany). The slides were stained with hematoxylin-eosin
(H&E), evaluated under a light microscope (Olympus BX �51;
Olympus Co., Tokyo, Japan), and photographed (Olympus DP 71
Olympus Co., Japan). Degeneration of the Bowman’s space and/or
glomeruli, proximal and distal tubule degeneration and/or cast for-
mation, and vascular congestion and/or interstitial edema were
determined as three indicative criteria of kidney damage. Each pre-
Table 2
Biochemical parameter results from the tissue samples.

Control DMSO CDDP (7

MDA (nmol/mg protein) 17.5 (16.2–19.8) 18.2 (17.3–19.4) 20.4a

(19.3–2
ap = 0.0

TOC (lM H2O2 equivalent) 14.6
(13.6–16.6)

15.5
(15.1–15.8)

18.6a

(16.0–2
ap = 0.0

TAC (mM trolox equivalent) 0.80
(0.54–0.93)

0.62
(0.53–0.74)

0.57
(0.51–0

OSI (arbitrary unit) 2.10
(1.53–2.68)

2.40
(2.13–2.93)

3.50a

(2.28–4
ap = 0.0

Caspase-3 (ng/mg protein) 0.27
(0.18–0.47)

0.40
(0.32–0.42)

0.53a

(0.49–0
ap = 0.0

TNF- a (pg/mg protein) 67.1
(32.0–113.6)

84.2
(35.6–103.2)

166.7a

(138.9–
ap = 0.0

GSH (lg/mg protein) 3.53
(3.07–8.82)

4.30
(3.58–5.17)

2.48a

(2.12–3
ap = 0.0

8-OHdG (pg/mg protein) 69.0
(62.2–73.1)

62.8
(56.5–72.4)

95.9a

(87.3–1
ap = 0.0

Data were expressed as median and 25%-75% quartiles (interquartile range (IQR). p < 0.05
negative control group (p < 0.05), b Significantly different compared with the CDDP gro
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parate was scored between 0 and 3 (0: no damage, 1: mild damage,
2: moderate damage, 3: severe damage) for each criterion, with
total possible scores of 0–9 (Iseri et al., 2007).

2.7. Statistical analysis

Normality of distribution of the study data was evaluated using
the Kolmogorov-Smirnov test. Non-normally distributed data were
first evaluated using Kruskal-Wallis analysis of variance and then
with the Mann-Whitney-U test. Data were expressed as median
and 25–75% quartiles (interquartile range). p values < 0.05 were
considered statistically significant.
3. Results

3.1. LC-MS/MS findings

The LC-MS/MS analysis results are shown in Table 1. Gallic acid
(60.58 lg/g sample), protocatechuic acid (28.42 lg/g sample), pro-
tocatechuic aldehyde (0.64 lg/g sample), vanillin (2.44 lg/g sam-
ple), taxifolin (14.56 lg/g sample), p coumaric acid (23.36 lg/g
sample), 4-Hydroxybenzoic acid (0.020 lg/g sample), rutin
(385.28 lg/g sample), resveratrol (2.06 lg/g sample), ellagic acid
(8.28 lg/g sample), quercetin (14.14 lg/g sample), and flavone
(20.92 lg/g sample) values were determined in the PVE.

3.2. Biochemical findings

The biochemical results from the tissue samples are shown in
Table 2. MDA (p = 0.047), TOC (p = 0.037), OSI (p = 0.047),
caspase-3 (p = 0.01), TNF-a (p = 0.01), and 8-OHdG (p = 0.004) val-
ues increased significantly in tissue samples from the CDDP group
compared to the control group. Tissue MDA (p = 0.004), caspase-3
(p = 0.016), TNF-a (p = 0.01), and 8-OHdG (p = 0.01) levels were
significantly lower in the P. vulgaris groups compared to the CDDP
group. Tissue GSH levels (p = 0.025) were significantly lower in the
CDDP group compared to the control group. However, significant
increases in tissue GSH levels (p = 0.037) were observed in the P.
.5 mg/kg) CDDP (7.5 mg/kg) P. vulgaris
(25 mg/kg/day)

CDDP (7.5 mg/kg) P. vulgaris
(50 mg/kg/day)

1.7)
47

17.3b

(16.4–18.3)
bp = 0.019

15.0b

(13.8–16.0)
bp = 0.004

1.5)
37

16.4
(14.8–18.0)

16.3
(13.7–18.7)

.71)
0.64
(0.55–0.86)

0.73
(0.69–0.77)

.00)
47

2.65
(1.78–3.23)

2.20
(1.85–2.53)

.62)
1

0.43
(0.34–0.60)

0.30b

(0.22–0.45)
bp = 0.016

190.0)
1

100.5b

(49.3–136.6)
bp = 0.033

64.5b

(42.3–115.4)
bp = 0.01

.13)
25

4.67
(1.90–6.56)

4.46b

(2.86–5.89)
bp = 0.037

18.2)
04

74.3
(47.5–97.8)

60.2b

(55.8–83.8)
bp = 0.01

was considered statistically significant. a Significantly different compared with the
up (p < 0.05).



Table 3
Biochemical parameter results from the serum samples.

Control DMSO CDDP (7.5 mg/kg) CDDP (7.5 mg/kg) P. vulgaris
(25 mg/kg/day)

CDDP (7.5 mg/kg) P. vulgaris
(50 mg/kg/day)

MDA (nmol/mL) 1.30
(1.11–1.84)

1.35
(1.18–1.48)

3.55a

(1.65–5.70)
ap = 0.025

1.35b

(0.99–1.68)
bp = 0.033

1.12b

(0.89–2.17)
bp = 0.020

TOC (lM H2O2 equivalent) 15.3
(7.2–17.7)

13.7
(11.7–17.7)

28.2a

(22.0–35.1)
ap = 0.016

17.8
(14.0–22.7)

16.8b

(11.0–18.8)
bp = 0.025

TAC (mM trolox equivalent) 0.98
(0.86–1.08)

0.99
(0.89–1.24)

0.73a

(0.61–0.84)
ap = 0.016

0.88
(0.74–0.93)

0.89b

(0.82–0.95)
bp = 0.045

OSI (arbitrary unit) 1.46
(0.84–1.98)

1.36
(1.07–1.95)

4.38a

(2.74–5.29)
ap = 0.013

2.28b

(1.58–2.62)
bp = 0.047

1.71b

(1.24–2.36)
bp = 0.016

Caspase-3 (ng/mL) 1.59
(1.21–1.70)

1.50
(1.46–1.80)

6.90
(0.87–12.8)

1.69
(0.73–2.87)

1.80
(0.82–2.50)

TNF-a (pg/mL) 44.7
(23.1–58.4)

38.1
(29.2–51.8)

134.1
(36.4–333.3)

51.1
(35.7–68.0)

25.8b

(20.5–40.7)
bp = 0.016

GSH (lg/mL) 213.9
(192.3–217.2)

208.9
(205.9–219.6)

175.0a

(164.2–185.2)
ap = 0.016

198.6b

(188.7–214.8)
bp = 0.032

205.6b

(189.3–219.6)
bp = 0.025

8-OHdG (pg/mL) 1086.9
(855.6–1407.4)

1077.2
(894.4–1266.7)

2563.2a

(1522.2–2741.3)
ap = 0.047

1906.3a

(1748.7–2048.2)
ap = 0.011

1287.7
(908.6–1824.4)

BUN (mg/dL) 21.5
(21.0–24.0)

20.5
(18.0–22.0)

268.0 a

(255.0–281.0)
(ap = 0.0001)

187.0 a,b

(157.0–220.0)
(ap = 0.0001)
(bp = 0.0001)

19.5b,c

(18.0–20.0)
(bp = 0.0001)
(cp = 0.0001)

Creatinine (mg/dL) 0.345
(0.340–0.370)

0.320
(0.240–0.370)

3.65 a

(3.40–4.57)
(ap = 0.0001)

2.59 a

(1.35–4.16)
(ap = 0.0001)

0.295b,c

(0.250–0.520)
(bp = 0.0001)
(cp = 0.0001)

Data were expressed as median and 25%-75% quartiles (interquartile range (IQR). p < 0.05 was considered statistically significant. a, Significantly different compared with the
negative control group (p < 0.05), b, Significantly different compared with the CDDP group (p < 0.05). c, Significantly different (p < 0.05) compared with the P. vulgaris 25 mg/
kg/day group.

I. Turan, D. Canbolat, S. Demir et al. Saudi Pharmaceutical Journal 31 (2023) 101730
vulgaris groups compared to the CDDP group. The biochemical
results from the blood samples are shown in Table 3. MDA
(p = 0.025), TOC (p = 0.016), OSI (p = 0.013), 8-OhdG (p = 0.047),
Fig. 1. Hematoxylin-eosin stained histopathological images of kidney tissue samples from
kg/day) (D), and CDDP + PV group (50 mg/kg/day) (E). Glomeruli (G), tubular degeneratio
and bodies (chevrons), vascular congestion (arrowhead), Bowman’s space and degenera

4

BUN (p = 0.0001), and creatinine (p = 0.0001) values increased sig-
nificantly in serum samples from the CDDP group compared to the
control group. Serum MDA (p = 0.020), TOC (p = 0.025), OSI
the control group (A), DMSO group (B), CDDP group (C), CDDP + PV group (25 mg/
n (double arrow), cast formation in the tubule lumen (four arrows), apoptotic cells
tion in the glomeruli (bow).



Table 4
Histological damage scores in the kidney tissue samples.

Control DMSO CDDP (7.5 mg/kg) CDDP (7.5 mg/kg) P. vulgaris (25 mg/kg/day) CDDP (7.5 mg/kg) P. vulgaris (50 mg/kg/day)

Damage Scores 2.50
(2.00–3.25)

4.00
(3.00–4.00)

9.00a

(8.50–9.00)
ap = 0.003

7.00a, b

(6.25–8.50)
ap = 0.009
bp = 0.047

6.50a, b

(6.00–7.75)
ap = 0.003
bp = 0.009

Data were expressed as median and 25%-75% quartiles (interquartile range (IQR). p < 0.05 was considered statistically significant. a, Significantly different compared with the
negative control group (p < 0.05), b, Significantly different compared with the CDDP group (p < 0.05).
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(p = 0.016), TNF-a (p = 0.016), 8-OhdG (p = 0.011), BUN
(p = 0.0001), and creatinine (p = 0.0001) were significantly lower
in the P. vulgaris groups compared to the CDDP group. While serum
TAC (p = 0.016) and GSH (p = 0.016) levels decreased significantly
in the CDDP group compared to the control group, significant
increases in tissue TAC (p = 0.045) and GSH (p = 0.025) levels were
observed in the P. vulgaris groups compared to the CDDP group.
3.3. Histological findings

Histopathological images from the experimental groups are
shown in Fig. 1. Glomeruli exhibited a normal structure in slides
from the control group and the DMSO group, and no pathological
findings were observed. Degeneration of tubules (double arrow),
cast formation in the tubule lumen (four arrows), apoptotic cells
and bodies (chevrons), vascular congestion (arrowhead) (H&E
X400) were observed in kidney sections from the CDDP group,
CDDP + 25 mg/kg/day PVE group (D), and CDDP + 50 mg/kg/day
PVE group (H&E X400). Histological damage scores for the kidney
tissue samples from the experimental groups are given in Table 4.
Damage scores in the CDDP and control groups were significantly
higher compared to those in the control group (p = 0.003), and sig-
nificantly lower in the PVE groups than in the CDDP group
(p = 0.009).
4. Discussion

The main functions of the kidney include the metabolism and
excretion of substances administered for the treatment and diag-
nosis of diseases. CDDP accumulates in renal tissue, increases reac-
tive oxygen species (ROS), and inhibits the activity of antioxidant
enzymes, and severe renal damage has been reported in several
studies as a result. Anticancer drugs are reported to cause renal
tubular damage. (Iseri et al., 2007; Yilmaz et al., 2013; Sindhu
et al., 2015). Oxidative stress is involved in CDDP-induced acute
kidney injury. ROS directly disrupt the structures of cellular com-
ponents, such as DNA, lipids and proteins. They also activate tumor
necrosis factor alpha, which causes a series of inflammatory
changes that mediate kidney damage. While MDA levels rise,
antioxidant enzymes, such as, GSH, superoxide dismutase (SOD),
and catalase (CAT) are inhibited (Sayed, 2009; Miller et al., 2010;
Hassan et al., 2017). Traditional medicine, including treatment
using medicinal plants, is used by 80% of the world population,
and antioxidants have been proven to be effective in preventing
CDDP-induced toxicities. Primulacea species have also been
reported to be capable of reducing nephrotoxicity and hepatotoxi-
city (Shabbir et al., 2022; Gilani et al., 2022; Junming et al., 2019).
P. vulgaris has been reported to exhibit anticancer and powerful
antioxidant properties in the leaf part (Demir et al., 2018, 2019;
Turan et al., 2017). The present study represents the first report
of the effect of PVE on DNA damage, and MDA, GSH, TAC, TOC,
and OSI levels in blood and kidney tissues in CDDP-induced exper-
imental kidney injury in rats. The findings showed that PVE signif-
icantly reversed these deleterious effects caused by CDDP.
5

Rutin (385.28 lg/g. sample), gallic acid (60.58 lg/g. sample),
protocatechuic acid (28.42 lg/g. sample) and p-coumaric acid
(23.36 lg/g. sample) were identified as major compounds in PVE
as a result of screening 29 different polyphenolic compounds and
compound groups by means of LC-MS-MS analysis in this study.
In their flower content analysis of P. vulgaris, Ozkan et al. identified
rutin and p-coumaric acid as major phenolics, with gallic acid,
vanillic acid, protocatechuic acid, catechin, and caffeic acid also
being reported (Ozkan et al., 2017). The results of present study
are similar to those of Ozkan et al. Content analysis of PVE in the
existing literature is limited. Colombo et al. reported kaempferol
in 2014, and Harborn gossypin in 1968 (Colombo et al., 2014;
Harborne, 1968). The inconsistencies between the results of the
present study and previous research may be due to the investiga-
tion of more polyphenolic compounds in this study, the use of dif-
ferent solvents, and differences in location.

Within this study, nephrotoxicity was induced by single injec-
tion of CDDP (7.5 mg/kg). MDA, TOC, Casp-3, TNF-a, and 8-OHdG
increased significantly in the CDDP group compared to the control
group, and the histological changes observed confirmed the pres-
ence of renal damage and nephrotoxicity. The DMSO group results
confirmed that the P. vulgaris extract solvents were not toxic or at
high enough doses to affect the experimental results.

MDA and TOC levels in blood and tissue samples increased sig-
nificantly in the CDDP group compared to the control group in this
study. However, MDA levels in blood and tissue samples decreased
significantly and in a dose-dependent manner in the PVE groups
compared to the CDDP group. TOC levels in serum samples
decreased significantly in the PVE group compared to the CDDP
group. A comparison of TAC values in the various tissue samples
revealed no significant difference between the groups. TAC values
in serum samples increased in the PVE groups compared to CDDP
group. Additionally, OSI values in serum samples decreased signif-
icantly in a dose-dependent manner in the PVE groups compared
to the CDDP group. No previous studies have been conducted with
PVE in the context of nephrotoxicity, although similar results have
been obtained in research involving natural product extracts and
phenolic compounds. Kamel et al. reported that rutin, one of the
major compounds of PVE, exhibited a protective effect by reducing
MDA levels in kidney tissues in a CDDP-induced nephrotoxicity
model in rats. (Kamel et al., 2014) Akdemir et al. investigated the
protective efficacy of p-coumaric acid against CDDP-induced renal
damage in rats and reported that it significantly lowered renal tis-
sue MDA levels that were raised by CDDP (Akdemir et al., 2017). In
another study, Hakyemez et al. reported that p-coumaric acid ame-
liorated gentamicin-induced nephrotoxicity and reduced renal tis-
sue OSI levels. (Hakyemez et al., 2022). In addition, Demir et al.
reported that gallic acid administration significantly reduced ovar-
ian tissue MDA, TOC, and OSI values in CDDP-induced ovarian
damage. (Ayazoglu Demir et al., 2023). Dogan et al. reported that
MDA levels, which increased in renal tissues due to CDDP toxicity,
decreased in a gallic acid-treated group in their study of CDDP-
induced nephrotoxicity in rats. (Dogan et al., 2022). The protective
properties of polyphenolic compounds found in PVE against
nephrotoxicity described in the previous literature are consistent
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with our results. The protective effect of PVE against lipid peroxi-
dation and oxidative stress caused by CDDP may be due to the syn-
ergistic antioxidant properties of the phenolic compounds in its
content.

Levels of GSH, one of the antioxidant enzymes, in tissue and
blood samples decreased significantly in the CDDP group com-
pared to the control group. However, GSH levels in tissue and
blood samples increased significantly in the PVE group compared
to the CDDP group. Kamel et al. reported that rutin increased the
lowered GSH levels observed in kidney tissues in CDDP-induced
nephrotoxicity in rats (Kamel et al., 2014). Similarly, Eslamifar
et al. reported that gallic acid ameliorated CDDP-induced nephro-
toxicity and GSH levels, which were low in the CDDP group but
increased in the gallic acid group. (Eslamifar et al., 2021). In Savci
et al.’s study, in which 2,3,7,8-tetracholorodibenzo-p-dioxin
(TCDD)-induced nephrotoxicity was reduced by protocatechuic
acid, TCDD-suppressed GSH levels were reported to be increased
by protocatechuic acid (Savci and Ozdemir, 2020).

Oxidative stress is the primary mediator of chemotherapeutic
nephrotoxicity. ROS forming as a result of oxidative stress exert
adverse effects on cellular macromolecules, such as DNA (Amini
etal., 2022; Turan et al., 2015). 8-OHdG is used as a biomarker
for the measurement of oxidative damage (Valavanidis et al.,
2009). In the present study, 8-OHdG levels were measured to
assess DNA damage in blood and tissue samples, and these
increased significantly in the CDDP group compared to the control
group. 8-OHdG levels in tissue samples from the PVE group were
significantly compared to the CDDP group (p < 0.01). Dogan et al.
reported that gallic acid significantly reduced 8-OHdG levels in
kidney tissues compared to a CDDP group in their CDDP-induced
nephrotoxicity study (Dogan et al., 2022). Similarly in Sener
et al.’s study of CDDP-induced nephrotoxicity, the authors found
that quercetin significantly lowered renal tissue 8-OHdG levels
compared to the CDDP group (Sener at al., 2020). The protective
effects achieved in the present study are attributable to the active
substances in P. vulgaris and are compatible with the results from
the previous literature.

TNF-a is important in CDDP-induced nephrotoxicity (Kumar
et al., 2017). In the present study, TNF-a levels increased in the
CDDP group compared to the control group, and were also lower
in the PVE groups than in the CDDP group. In their study of
CDDP-induced nephrotoxicity, Alhoshani et al. reported that TNF-
a expressions increased in the CDDP group and decreased signifi-
cantly in the CDDP + rutin group (Alhoshani et al., 2017). Similarly,
in Rafiee et al.’s study of doxorubicin-induced nephrotoxicity, the
authors reported that TNF-a levels increased in the doxorubicin
group and decreased in the doxorubicin + p-coumaric acid group
(Rafiee et al., 2020). We think that the inflammation caused by
the use of CDDP is reduced by the active substances we detected
in P. vulgaris, with its known antioxidant properties.

Apoptosis of renal cells has been the focus of investigation in
CDDP-nephrotoxicity. The intrinsic apoptosis pathway is particu-
larly prominent in CDDP nephrotoxicity. Activation of caspases 3,
8 and 9 occurs 12 h after CDDP interaction with renal epithelial
cells. Inhibition of caspase activity suppresses CDDP-induced cell
death (Miller et al., 2010; Pabla and Dong, 2008). In the present
study, serum caspase-3 levels in the CDDP group increased signif-
icantly compared to those in the control group. Tissue CASP3 levels
also decreased significantly in the treatment groups compared to
the CDDP group. These results suggest that PVE suppresses apopto-
sis to prevent damage in kidney tissue as a result of its potent
antioxidant content. Arjumand et al. reported that rutin exhibited
an inhibitory effect on caspase-3-mediated tubular cell apoptosis
and provided histopathological restoration. (Arjumand et al.,
6

2011). Demir et al. reported that gallic acid exhibited a protective
effect against apoptosis by reducing renal tissue caspase-3 levels
in CDDP-induced ovarian toxicity (Ayazoglu Demir et al., 2023).

CDDP nephrotoxicity causes a decrease in the glomerular filtra-
tion rate (GFR) and increased serum BUN and creatinine levels in
the kidneys (Elsherbiny et al., 2016; Sanchez-Gonzalez et al.,
2011). In the present study, BUN and creatinine levels in serum
samples decreased significantly in the PVE groups compared to
the CDDP groups. Kamel et al. reported that rutin prevented kidney
damage by significantly lowering blood BUN and creatinine levels
in their CDDP-induced nephrotoxicity study (Kamel et al., 2014).
Bencheikh et al. reported significantly lower blood BUN and crea-
tinine levels than in a gentamicin group, in their study of
gentamicin-induced nephrotoxicity with Zizyphus lotus L. extract,
with its similar polyphenolic compound content to that of PVE
(Bencheikh et al., 2021). Similarly, Hakyemez et al. reported that
p-coumaric acid significantly reduced serum creatinine and urea
levels compared to the gentamicin group in gentamicin-induced
nephrotoxicity (Hakyemez et al., 2022). In agreement with the pre-
vious literature, the polyphenolic compounds found in PVE appear
to inhibit chemotherapeutic toxicity.

CDDP accumulation at high concentrations in the kidneys
causes nephrotoxicity through necrosis, apoptosis, tubular inflam-
mation and vascular factors (Elsherbiny et al., 2016). Histological
examinations in the present study revealed damage in the kidney
tissues from the CDDP-treated group. This damage was signifi-
cantly ameliorated in the PVE treatment groups. Prasad et al. exam-
ined the effect of rutin on CDDP-induced toxicity in mice. Those
authors reported that CDDP treatment caused severe changes in
the histoarchitecture, such as tubular congestion and glomerular
degeneration, while this condition improved in the rutin + CDDP
group, and concluded that rutin exhibited a nephroprotective
effect (Prasad and Prasad, 2021). Yamabe et al. reported that proto-
catechuic acid improved the histological appearance of CDDP-
treated rat kidneys and reduced tubular cell damage (Yamabe
et al., 2015). Similarly, Rafiee et al. reported that p-coumaric acid
significantly reversed doxorubicin-induced nephrotoxicity by
improving histopathological scores (Rafiee et al., 2020). The results
in the literature are consistent with our own study data.
5. Conclusion

It is known that oxidative stress, inflammation and apoptosis are
the main mechanisms involved in the etiopathogenesis of CDDP-
induced nephrotoxicity. (Hassan et al., 2017) In our study, the
changes in oxidative stress, inflammation and apoptosis parameters
in the CDDP group are consistent with this literature. As a result of
the chemical characterization study of PVE, it was determined that it
is rich in phenolic compounds such as gallic acid, protocatechuic
acid, taxifolin, p-coumaric acid, rutin and quercetin. Phenolic com-
pounds have strong antioxidant activity due to their chain breaking,
hydrogen donating, metal chelating and radical scavenging poten-
tials. (Pereira et al., 2009) In this study, it is thought that the protec-
tive effect of PVE against CDDP-induced kidney damage is mainly
due to the antioxidant properties of the phenolic compounds it con-
tains. However, future studies need to evaluate the renoprotective
effect of PVE by including cell signaling.7
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Doğan, D., Meydan, I., Kömüroğlu, A.U., 2022. Protective effect of silymarin and
gallic acid against cisplatin-induced nephrotoxicity and hepatotoxicity. Int. J.
Clin. Pract. 2022, 1–10.

Ekinci Akdemir, F.N., Albayrak, M., Çalık, M., Bayir, Y., Gülçin, _I., 2017. Sisplatinin
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