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The nephrotoxicity mechanisms caused by cisplatin (CP), which is used in the
treatment of different types of cancer, include several processes, such as DNA
damage, apoptosis, inflammation, and oxidative stress. This study investigated the
protective effects of Rhododendron luteum leaf extract (RLE) in a rat model of CP-
induced nephrotoxicity. Dimethyl sulfoxide extract of RLE was prepared, and its
contents were clarified using liquid chromatography-mass spectrometry (LC-MS-
MS). Thirty female Wistar Albino rats were divided into five different groups and
sacrificed on the seventh day. Biochemical and histopathological analyses were
then performed. The presence of quercitrin, quinic acid, chlorogenic acid,
protocatechic acid, isoquercitrin, and quercetin was detected in the RLE. While CP
significantly increased the levels of oxidative stress, inflammation, and apoptosis
markers in the rat kidney tissue and blood samples, treatment with RLE
significantly reversed the levels of these parameters in a dose-dependent manner.
Total antioxidant status (TAS) values and glutathione (GSH) levels increased
significantly in the serum samples from the treatment group compared to the CP
group, while blood urea nitrogen (BUN), creatinine, oxidative stress index (OSlI),
tumor necrosis factor-alpha (TNF-a), malondialdehyde (MDA) and total oxidant
status (TOS) values decreased significantly. GSH levels increased significantly in
the treatment group compared to the CP group, while TNF-a, caspase-3 (Casp-3),
8-hydroxy-2'-deoxyguanosine (8-OHdG), OSI, TOS, MDA levels, and damage
scores decreased significantly at histopathological examination. In conclusion,
RLE exhibited strong protective effects against nephrotoxicity and oxidative
damage caused by CP in rats.

To Cite This Article: Turan I, Canbolat D, Demir S, Kerimoglu G, Colak F, Alemdar NT, Mentese A, Aliyazicioglu
Y, 2023. An investigation of the protective effect of Rhododendron luteum extract on cisplatin-induced DNA damage and
nephrotoxicity, and biochemical parameters in rats. Pak Vet J, 43(3): 442-448. http://dx.doi.org/10.29261/pakvetj/2023.047

INTRODUCTION

are complex and include several processes, such as DNA
damage, apoptosis, inflammation and oxidative stress

Cancer is one of the greatest public health problems
worldwide  (Demir et al, 2018). Numerous
chemotherapeutic agents are used in cancer treatment,
including cisplatin (CP), which causes various side-effects,
such as nephrotoxicity (Jacob and Lavakumar, 2016). The
mechanisms involved in the nephrotoxicity caused by CP
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(Elsherbiny et al., 2016). Herbs have represented an
important part of traditional medicine since ancient times.
The medicinal value of plants used for medicinal purposes
generally depends on their phytochemical contents. The
most important of these phytochemicals are alkaloids,
flavonoids, tannins, and phenolic compounds (Padmavathi,
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2013). Phenolic compounds, secondary metabolites of
plants, can exhibit numerous medicinal properties (anti-
inflammatory, antioxidant, antimicrobial, anticancer,
anti-aging effects, etc.). Phenolic compounds or natural
products containing these are therefore used as potential
agents for the treatment and prevention of such as aging,
diabetes, cardiovascular diseases and cancer (Pandey and
Rivzi, 2009; Li et al., 2014). Rhododendron luteum, a
natural product, is a member of the Ericaceae family, from
the genus Rhododendron, which consists of more than
800 species. Members of the genus Rhododendron genus
are used in the treatment of several diseases, such as
diarrhea, spasm, arthritis, eczema, bronchitis,
hypertension, and gonorrhea (Li et al., 2014; Demir et al.,
2016; Demir et al., 2018; Turan et al., 2022). The extract
obtained from R. luteum flowers and leaves is reported to
possess powerful antioxidant properties, to exhibit
selective cytotoxicity against colon and liver cancer cells
and to inhibit various enzymes, such as
acetylcholinesterase, butyrylcholinesterase, tyrosinase and
a-glucosidase (Demir et al., 2016; Demir et al., 2018;
Mahomoodally et al., 2020).

The present study investigated the in-vivo protective
effect of R. luteum leaf extract (RLE), with its powerful
antioxidant properties, against damage such as DNA
injury, increased oxidative stress, apoptosis, inflammation,
and nephrotoxicity caused by CP.

MATERIALS AND METHODS

Chemicals: CP, HsPO., TBA, acetic acid, 1,1,3,3-
tetramethoxypropane, dimethyl sulfoxide (DMSO), HCI,
and H2SO4 were purchased from Sigma (St. Louis, MO,
USA). Pierce BCA Protein Assay kits were obtained from
Thermo Scientific (Waltham, MA, USA), SOD, CASP3,
TNF-0 8-OHdG and GSH ELISA kits from USCN
(Wuhan, China), and TAS-TOS analysis kits from Rel
Assay (Gaziantep, Turkiye).

Extract preparation: R. luteum leaves collected from
Artvin province in Turkiye were dried at room temperature
and converted into powder (IKA, Staufen, Germany). One
gram of powder was then mixed with 20 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
supernatant was then lyophilized (Xianou-12N, China). In
the experimental stages, the extracts were dissolved with
DMSO (Demir et al., 2016).

LC-MS/MS analysis: Chromatographic separation was
achieved on an Inertsil C18 column (100 mm x 2.1 mm, 2
pm). The column temperature was kept at 35°C throughout
the analysis. The mobile phase consisted of water (A, 10
mM ammonium formate-0.1% formic acid) and methanol
(B). The applied gradient profile was 5-20% B (0-10 min),
20% B (10-22 min), 20-50% B (22-36 min), 95% B (36-
40), and 5% B (consisting of 40-50 min). The injection
volume was 4 pL and the flow rate 0.25 mL/min. The
optimal ESI parameters for mass spectrometry are 350°C
interface temperature, 250°C DL temperature, 400°C
heatsink temperature, and nebulizer and desiccant gas (N2)
flow rates of 3 L/min and 15 L/min, respectively (Yilmaz
etal., 2018).
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Experimental design: Eight-week-old female Wistar
Albino rats weighing 200-250 g were used in the study.
The experiments were compliant with the World Medical
Association Declaration of Helsinki, and the animal
experiment was approved by the Karadeniz Technical
University animal experiments local ethics committee.
All rats were housed under optimum conditions
(appropriate ventilation system, relative humidity 50-
60%, light cycle 12-h light/12-h dark, and temperature
23+2°C). The rats 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 1, the control group, received 0.5 mL saline solution
intraperitoneally (i.p.) for six days.
Group II, the CP group, received 0.5 mL CP (7.5 mg/kg)
on the first day and saline for the next five days.
Group 11, the DMSO group, received DMSO for six days.
Group 1V, the RL-1 group, received CP (7.5 mg/kg) on the
first day and RLE (12.5 mg/kg) for five days.
Group V, the RL-2 group, received CP (7.5 mg/kg) on the
first day and RLE RL (25 mg/kg) for five days
(Jamshidzadeh et al., 2016; Kukner et al., 2016). On the
seventh day, deep anesthesia was applied to all the
experimental group rats, and blood and kidney tissues
were collected.

Biochemical analysis: One hundred milligrams of tissue
sample was homogenized at 9500 rpm in 2 mL of
phosphate buffer (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, IL, USA). The malondialdehyde
(MDA) levels of the tissue samples were determined
according to the method developed by Mihara and
Uchiyama (1978). 1,1,3,3-tetramethoxypropane was used
as a standard, and tissue MDA levels were expressed as
nmol/ mg protein. Tissue total antioxidant status (TAS) and
total oxidant status (TOS) values were determined using
commercial colorimetric Kkits (Rel Assay Diagnostics,
Gaziantep, Turkey) according to the producer’s
recommendations. The TOS/TAS ratio was used as the
oxidative stress index (OSI) and was calculated using the
formula (Demir et al. 2020).

TOS (pmol hydrogen peroxide equivalent/L)

OSI (arbitrary unit) — o
TAS (pmol trolox equivalent/L)

x 100

Superoxide dismutase (SOD), GSH, 8-OHdG, caspase-3,
and TNF-a levels were measured using ELISA Kits
(USCN, Wuhan, ChinaThe creatinine and blood urea
nitrogen values in serum samples were determined using an
autoanalyzer (Beckman Coulter AU5800, Brea, CA, USA).

Histological analysis: Kidney tissues were subjected to
routine histological tissue processing. Serial sections 5 um
in thickness were then taken from the paraffin-embedded
blocks. (Leica RM 2255, Leica Instruments, Nussloch,
Germany). The slides were dyed with hematoxylin-eosin
(H&E) and appraised 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 formation, and vascular
congestion and/or interstitial edema were determined as
three indicative criteria of kidney damage. Each preparate
was scored between 0 and 3 (0: no damage, 1: mild damage,
2: moderate damage, 3: severe damage) for each criterion,
with a total score of 0-9 (lIseri et al., 2007).

Statistical Analysis: Normality 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.

RESULTS

LC-MS/MS findings: The LC-MS/MS analysis results are
given in Fig. 1. Protocatechuic acid (0.122 mg/g extract),
quinic acid (28.014 mg/g extract), chlorogenic acid (2.003
mg/g extract), isoquercitrin (1.829 mg/g extract), quercitrin
(1.449 mg/g extract), and quercetin (0.027 mg/g extract)
were determined in the DMSO extract.

Biochemical findings: The biochemical findings of the
tissue samples are shown in Table 1. MDA, TOS, OSl,
caspase-3, TNF-a, and 8-OHdG levels increased
significantly in tissue samples from the CP group compared
to the control group (P<0.05). Tissue MDA, caspase-3, and
TNF-a levels were significantly lower in the RLE groups
compared to the CP group (P<0.05). Tissue GSH levels
were significantly lower in the CP group compared to the
control group (P<0.05). Significant increases were also
observed in the RLE groups compared to the CP group
(P<0.05).

The biochemical findings of the blood samples are
shown in Table 2. MDA, TOS, OSI, 8-OhdG, BUN, and
creatinine levels increased significantly in serum samples
from the CP group compared to the control group (P<0.05).
Serum TOS, OSI, BUN, and creatinine levels were
significantly lower in the RLE groups compared to the CP
group (P<0.05). While serum TAS and GSH levels
decreased significantly in the CP group compared to the
control group (P<0.05), they were significantly higher in
the RLE groups (P<0.05).

Histological findings: Histopathological images from the
experimental groups are shown in Fig. 2. The glomeruli
exhibited a normal structure in sections from the Control
Group (A) and the DMSO Group (B), and no pathological
finding was observed. Degeneration of tubules (double
arrow), caste formation in tubule lumen (four arrows),
apoptotic cells and bodies (chevrons), vascular congestion
(arrowhead) (H&E X400) were observed in kidney
sections from CP Group 1l (C), CP+12.5 mg/kg/day Group
(D), and CP+25 mg/kg/day (E) (H&E X400). Histological
damage scores for the kidney tissue samples from the
experimental groups are given in Table 3.

Damage scores in the CP and RLE groups were
significantly higher compared to those in the control group
(P<0.05), while damage scores in the RLE groups were
significantly lower than in the CP group (P<0.05).
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DISCUSSION

Although the mechanisms underlying the toxic effect
of CP, an agent widely used in chemotherapy, are not fully
understood, one possible mechanism may involve an
increase in oxidative stress through increased ROS
(Elsherbiny et al., 2016). Increasing ROS cause lipid
oxidation by affecting the fatty acids in the cell membrane.
MDA levels rise as a result, while antioxidant enzymes
such as SOD, CAT and GSH are inhibited. ROS have a
short half-life, making direct measurements difficult. The
measurement of oxidative stress markers is therefore
generally preferred (Hassan et al., 2017; Yulug et al.,
2019). R. luteum, popularly known as yellow
rhododendron, has been reported to exhibit anticancer and
powerful antioxidant properties in the flower and leaf
(Demir et al., 2016; Demir et al., 2018; Turan et al., 2022).
The present study represents the first report of the effect of
R. luteum on MDA, SOD, GSH, TAS, TOS, and OSI levels
in an experimental kidney injury model.

Quinic acid (28,014 mg/g extract), protocatechuic acid
(0.122 mg/g extract), chlorogenic acid (2,003 mg/g
extract), isoquercitrin (1,829 mg/g extract), quercitrin
(1,449 mg/g extract), and quercetin (0,027 mg/g extract)
were determined in the RLE in this study by means of
phytochemical analysis using the LC-MS-MS method.
Mahomoodally et al. (2020) analyzed the content of R.
luteum extracts obtained using different solvents and
determined the presence of catechin and its derivatives,
caffeoyl quinic acids, myricetin, and quercetin glycosides
(Mahomoodally et al., 2020). Yesil and Akgul identified
isoquercetin in their study of the main components of R.
luteum leaves (Yesil and Akgul, 2022). In another study,
performed LC-ESI-MS/MS characterization of the
fractions obtained from R. luteum leaves, and identified
five hydroxybenzoic acids, four hydroxycinnamic acids, 12
flavonoid aglycones, and seven flavonoid glycosides, with
quercetin, one of these flavonoids, being detected in
significant amounts. The present study is also compatible
with other publications reporting that quercetin and its
glycosides are commonly found in Rhododendron species
(Oyko et al., 2022).

Our scan of the literature revealed no previous studies
of the effect of Rhododendron species on nephrotoxicity.
Consistent with previous studies, TOS and MDA levels in
serum and tissue samples increased significantly in the CP
group compared to the control group in this study.
However, in the R. luteum groups, MDA and TOS levels
decreased significantly, in a dose-dependent manner,
compared to the CP group. The significant increase in TOS
levels in the CP group compared to the control group
suggests that oxidative damage contributes to CP-induced
nephrotoxicity. A comparison of TAS values in tissue
samples revealed no significant difference between the
groups. This may be due to the intraperitoneal
administration of R. luteum. TAS values in serum samples
increased in the RLE groups compared to CP group. OSI
values calculated using TAS and TOS in tissue and serum
samples decreased significantly in the RLE groups
compared to the CP group. Levels of SOD, one of the
antioxidant enzymes, increased significantly in tissue
samples from the CP and RLE groups compared to the
control group. We attribute the increase in the CP group to
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Table I: Biochemical parameter results in tissue samples
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Control DMSO CP (7.5 mg/kg) CP (7.5 mgl/kg) CP (7.5 mgl/kg)
R. luteum (12.5 mg/kg/day) R. .luteum (25 mg/kg/day)

MDA 17.5 182 20.4° 17.5° 17.8°
(nmol/mg protein) (16.2-19.2) (17.3-19.1) (18.1-21.7) (p=0.025) (14.8-18.1) (°p=0.013) (16.3-18.7) (°»p=0.039)
TOS 14.6 15.5 18.6* 16 13.8°
(MM H20; equivalent) (13.6-16.5) (15.1-15.7) (16.0-21.5) (®p=0.037) (13.9-16.7) (11.4-18.1) (>p=0.042)
TAS 0.80 0.62 0.57 0.54 0.67
(mM trolox equivalent)  (0.55-0.93) (0.54-0.74) (0.51-0.69) (0.45-0.68) (0.51-0.78)
oSl 2.00 2.50 3.50* 2.70 2.10°
(arbitrary unit) (1.53-2.90) (2.10-2.75) (2.30-4.00) (“p=0.036) (2.23-3.60) (1.58-2.98) (°p=0.041)
SOD 0.052 0.083 0.133* 0.133* 0.094
(ng/mg protein) (0.038-0.071)  (0.072-0.090) (0.087-0.280) (*p=0.0/6)  (0.097-0.160) (°p=0.006) (0.086-0.117) (°p=0.016)
Caspase-3 0.27 0.39 0.53* 0.34° 0.29*
(ng/mg protein) (0.18-0.47) (0.32-0.41) (0.49-0.62) (“p=0.006) (0.22-0.41) (°p=0.016) (0.21-0.34) (*»p=0.004)
TNF- a 102.7 102 167.7¢ 106.9° 69.3°
(pg/mg protein) (34.7-127.5)  (59.1-109) (147.1-190.1) (°p=0.004)  (58.8-124.7) (°»p=0.004) (40.9-115.5) (°p=0.006)
GSH 3.53 4.30 248 9.08° 5.33°
(ug/mg protein) (3.07-7.46) (3.94-5.17) (2.11-3.00) (°p=0.025) (3.04-11.1) (*p=0.01) (3.15-11.5) (°p=0.016)
8-OHdG 68.9 62.8 95.9 85.1 72.9°
(pg/mg protein) (62.2-72.0) (56.5-72.4) (87.9-118.2) (°p=0.004) (69.7-99.8) (57.5-84.3) (>p=0.01)

Data were expressed as median and 25%-75% quartiles (interquartile range (IQR). P<0.05 was considered statistically significant. * Significantly different

compared with the negative control group (P<0.05), ® Significantly different compared with the CP group (P<0.05).

Table 2: Biochemical parameter results in serum samples

Control DMSO CP (7.5 mg/kg) CP (7.5 mglkg) CP (7.5 mg/kg)
R. luteum (12.5 mg/kg/day) R. luteum (25 mg/kg/day)

MDA 1.30 1.35 3.55 1.51 1.47°
(nmol/mL) (1.11-1.80) (1.28-1.48) (1.68-5.70) (°p=0.016) (1.22-2.27) (1.18-1.82) (*p=0.037)
TOS 14.8 13.7 282° 14.8° 16.7°
(MM H20; equivalent)  (7.15-17.2) (12.5-17.7) (23.2-35.1) (°p=0.004) (12.6-23.0) (®p=0.016) (14.0-25.4) (*p=0.025)
TAS 0.98 0.99 0.73* 0.9%° 1.17°
(mM trolox equivalent) (0.88-1.08) (091-1.24) (0.61-0.80) (°p=0.004) (0.88-1.11) (®p=0.006) (0.89-1.30) (°p=0.041)
oSl 1.46 1.29 4.18 1.53% 1.65°
(arbitrary unit) (0.78-1.82) (1.14-1.78) (2.77-5.49) (°p=0.004) (1.15-2.26) (*p=0.01) (1.15-2.44) (*p=0.01)
SOD 0.45 0.36 0.19 0.35 0.40
(ng/mL) (0.26-1.11) (0.22-0.67) (0.095-0.61) (0.13-0.54) (0.36-0.56)
Caspase-3 1.59 1.60 6.90 229 1.81
(ng/mL) (1.21-1.65) (1.46-1.80) (0.97-12.8) (0.87-5.30) (0.58-4.94)
TNF-a 34.1 30.7 134.1 420 30.3°
(pg/mL) (13.8-484) (25.4-45.0) (37.0-333.3) (23.2-67.3) (15.2-44.4) (°p=0.025)
GSH 2139 2123 175.0° 205.4° 2109°
(ug/mL) (196.5-217.2) (208.1-219.3)  (164.2-179.0) (p=0.004)  (199.5-235.9) (*p=0.004) (188.4-228.5) (*p=0.004)
8-OHdG 1086.9 10772 2563.2° 1805.2 15102
(pg/mL) (771.7-1407.4) (780.9-1266.7) (1838.9-2741.3) (°p=0.004) (745.8-3052.8) (952.8-2351)
BUN 17.5 19.0 255.5° 186> 20.0%¢
(mg/dL) (16.0-21.0) (17.0-21.0) (235-280) (®p=0.0001) (166-212) (®p=0.0001) (p=0.002) (14.0-35.0) (>p=0.0001) (=0.0001)
Creatinine 0.285 0.320 346 249* 0.2515¢
(mg/dL) (0.270-0.350)  (0.170-0.370)  (3.40-3.79) (p=0.0001)  (1.35-3.23) (°p=0.0001) (*p=0.002) (0.210-0.350) (>»=0.0001) (p=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 CP group (P<0.05). ¢, Significantly different (P<0.05)

compared with the R. luteum 12.5 mg/kg/day group.

Table 3: Histological damage scores in kidney tissue samples

Control  DMSO CP (7.5 mgl/kg)
Damage scores 3.00 3.50 9.00*

(2.00-3.25) (3.00-4.00) (9.00-9.00) (p=0.002) (6.25-8.00) (°p=0.003) (*p=0.002)

CP (7.5 mg/kg) R. luteum (12.5 mg/kg/day) CP (7.5 mg/kg) R. luteum (25 mg/kg/day)
7.50%° 7.00°

(6.00-7.00) (°p=0.003) (*p=0.002)

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 CP group (P<0.05).

the antioxidant defense mechanism. When the levels of
GSH, another antioxidant enzyme, were compared in tissue
and blood samples, significant increases were observed in
the R. luteum groups compared to the CP group. No
previous studies have been conducted with R. luteum
extract in this area, and similar results were obtained in
studies involving natural product extracts and phenolic
compounds. The previous study investigated the protective
effect of quercetin on cisplatin nephrotoxicity and reported
a decrease in kidney tissue MDA levels and an increase in
GSH levels in groups receiving quercetin, a finding
consistent with the results of the present study (Sanchez-
Gonzalez et al., 2011). In another study, examined the
protective effects of myricetin against CP-induced

nephrotoxicity in mice and observed that MDA levels
decreased in the myricetin group, while GSH levels
increased (Hassan et al., 2017). The results of the our study
were compatible with the active ingredients of R. luteum
described in the literature. The damage caused by CP was
reduced by R. luteum leaf extract, an effect we attributed to
the secondary metabolites detected in the plant content.
CP causes DNA double helix damage by forming
cross-links in DNA (Goodsell, 2006). The most familiar
of the base mutations occurring in DNA is known as 8-
OHdG, and this mutation is used for the quantification of
DNA damage (Kroese and Scheffer, 2014; Ozcan et al.
2015). 8-OHdG levels were measured to determine DNA
damage in blood and tissue samples in the present study,



446

Pak Vet J, 2023, 43(3): 442-448.

T T
20

Fig. I: Quantitative determination of 37 phytochemicals (mg analyte/g extract) was performed in DMSO of leaf parts of R. luteum. Compounds obtained
from R. luteum leaves were a: Quinic acid (28.014 mg/g extract), b: Protocatechuic acid (0.122 mg/g extract), c: Chlorogenic acid (2.003 mg/g extract),
d: Isoquercitrin (1.829 mg/g extract), e: Quercitrin (1.449 mg/g extract), f: Quercetin (0.027 mg/g extract).

Fig. 2: Hematoxylin-eosin stained histopathological images of kidney tissue samples Control group (A), DMSO group (B), CP group (C), CP+12.5
mg/kg/day (D) and CP+25 mg/kg/day (E). Glomeruli (G), Tubular degeneration (double arrow), caste formation in the tubule lumen (four arrows),
apoptotic cells and bodies (chevrons), vascular congestion (arrowhead), Bowman's space and degeneration in the glomeruli (bow).

and these increased significantly in the CP group compared
to the control group. While no significant difference was
observed between the CP and RLE groups in the serum
samples the 8-OHdG level in tissue samples from the 25
mg/kg R. luteum group decreased significantly compared
to the CP group (P<0.05). Ozyurt and co-workers,
investigated the protective properties of quercetin on
radiation-induced DNA damage in rat bladder and kidney
tissues. Those authors reported that 8-OHAG levels
increased in the radiation group, but decreased in the group
in which quercetin was administered together with
radiation, a finding consistent with our results (Ozyurt et
al., 2014). The protective effects achieved occur due to the
active substances in R. luteum and are compatible with the
results in the previous literature.

The nephrotoxicity mechanism of CP is generally
attributed to oxidative stress and DNA damage. CP is also
capable of inducing the release of pro-inflammatory
cytokines (Sharma et al., 2017). In the present study, TNF-
a levels increased in the CP group compared to the control
group, and were lower in the RLE groups than in the CP

group. Hassan and co-workers analyzed the protective
effect of myricetin on CP-induced nephrotoxicity. Those
authors reported that TNF-a, an inflammatory marker,
increased in the CP group and decreased in the group in
which myricetin was used with CP (Hassan et al., 2017). In
another study, lipopolysaccharide-induced inflammation
was created in the RAW264.7 cell line, and the anti-
inflammatory properties of Rhododendron molle leaf
extract were then investigated. The authors reported that
TNF-a levels decreased significantly in the groups
receiving R. molle, and that R. molle exhibited powerful
anti-inflammatory activity (Luye et al., 2020). Faddah et
al. (2012) investigated the role of quercetin on
nephrotoxicity and reported that TNF-a levels decreased
after quercetin treatment, a finding consistent with our own
results. The molecular mechanism involved the protective
role of quercetin on nephrotoxicity was examined by Peng
and co-workers (Peng et al., 2021). We think that that the
inflammation caused by the use of CP is reduced by the
active substances we detected in R. luteum, with its known
antioxidant properties.



Caspases play a role in both apoptotic pathways. In
the intrinsic apoptosis pathway, caspase-9 is activated, and
caspase-dependent apoptosis begins. In the extrinsic
pathway, apoptosis is initiated by caspase-8 activity as a
result of ligand binding to the death receptor (Pabla and
Dong, 2008). In the present study, serum caspase-3 levels
in the CP group increased significantly compared to those
in the control group. Tissue caspase-3 levels decreased
significantly in the treatment groups compared to the CP
group. Previously, it has been found that the protective
effect of myricetin on CP-induced nephrotoxicity. Those
authors reported that levels of caspase-3, one of the
apoptosis markers, increased in the CP group and
decreased in the group in which myricetin was used with
CP (Hassan et al., 2017). In the light of the results from
the previous literature, we concluded that the regulation of
apoptotic markers is caused by the active substances
detected in our RLE.

Nephrotoxicity, one of the most important side-effects
of CP, causes a rapid deterioration in kidney functions and
increases in plasma urea and creatine levels (Jacob and
Lavakumar, 2016). In the present study, BUN and creatine
levels in serum samples decreased significantly in the RLE
groups compared to the CP groups. The previous study
investigated the effect of Rhododendron arboreum on
inflammatory parameters and reported that BUN and
creatine levels increased in the lipopolysaccharide group
and decreased in the group receiving R. arboreum (Ahmad
et al., 2020). In another study, determined that quercetin
exhibited a protective effect on rats with gentamicin-
induced nephrotoxicity (Pinar et al., 2020). Our result
showed that BUN and creatine levels, which increased with
the use of CP, decreased with the use of R. luteum extract,
a finding in accordance with the previous literature. We
think that the quercetin detected in our content analysis
may have contributed to this.

Histological examination in this study revealed
damage in the kidney tissues from the CP-applied group.
This damage decreased significantly in the treatment
groups. Sanchez-Gonzalez et al. (2011) examined the
protective effect of quercetin on CP nephrotoxicity and
reported a decrease in kidney tissue damage in the groups
administered quercetin (Sanchez-Gonzalez et al., 2011).
Cetinavci et al. (2022) performed a histological
examination of the effects of quercetin on kidney damage
caused by CP. Those authors reported decreased kidney
tissue damage in the groups administered quercetin, a
finding consistent with the results of the present study
(Cetinavci et al., 2022). The potential nephroprotective
effect of Rhododendron groenlandicum in a diet-induced
obese mouse model was investigated in another study,
which concluded that impaired kidney functions due to
obesity could be improved by means of R. groenlandicum
(Li et al., 2016). Quercetin, which is contained in RLE, has
been found to have a renoprotective effect by reducing
kidney tissue cytotoxicity in a STZ-induced diabetes model
(Gomes et al., 2014). Mangiferin, a flavonoid contained in
Mangifera indica, has been reported to improve CP-
induced nephrotoxicity and to reduce the induction of
oxidative stress (Sadhuchan et al., 2018) Another study
evaluating the effect of curcumin on CP-induced
nephrotoxicity in rats concluded that this could be used to
reduce chemotherapy-induced nephrotoxicity (Ugur et al.,
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2015). The results in the literature are consistent with our
own study data.

Conclusions: In conclusion, the results of current study
show, for the first time in the literature, that RLE may
potentially protect against CP-induced nephrotoxicity. Our
results also suggest that the suppression of oxidative stress,
inflammation, and apoptosis by RLE reduced CP-induced
kidney damage. R. luteum may be regarded as a potential
resource for obtaining novel and promising therapeutic
agents against CP-induced nephrotoxicity.
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