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Objective: Gentamicin (GM) is a commonly used aminoglycoside antibiotic, however, renal toxicity has
limited its usage. The present study was designed to evaluate the ameliorative effect of Cistanche deser-
ticola on GM-induced nephrotoxicity in rats.
Methods: The nephrotoxicity in rats was induced by intraperitoneal administration of GM (100 mg/kg)
for 10 consecutive days. Glomerular filtration rate, blood urea nitrogen, creatinine and kidney
histopathology were detected to assess the GM-induced nephrotoxicity. The oxidative stress (catalase,
superoxide dismutase, glutathione and malondialdehyde) was assessed. The inflammatory response (tu-
mor necrosis factor-a, interleukin-6, myeloperoxidase and nuclear factor-kappa B) and apoptotic marker
(Bax and Bcl-2) were also evaluated.
Results: The results showed that water and 75% ethanol extracts of C. deserticola (named CDW and CDE,
respectively) (100, 200 and 400 mg/kg) in combination with GM could recover the reduction of glomeru-
lar filtration rate and enhance the renal endogenous antioxidant capability induced by GM. The increase
in the expression of renal inflammatory cytokines (tumor necrosis factor-a and interleukin-6), nuclear
protein of nuclear factor-kappa B (p65) and the activity of myeloperoxidase induced by GM was signif-
icantly decreased upon CDW or CDE treatment. In addition, CDW or CDE treatment could decrease the
Bax protein expression and increase the Bcl-2 protein expression in GM-induced nephrotoxicity in rats
significantly.
Conclusion: The study demonstrated that C. deserticola treatment could attenuate kidney dysfunction and
structural damage in rats induced by GM through the reduction of inflammation, oxidative stress and
apoptosis.

� 2022 Editorial Board of Chinese Herbal Medicines Published by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gentamicin (GM) is one of the aminoglycoside antibiotics and
used for the treatment of gram-negative bacterial infection
(Nabavi et al., 2012). However, it’s reported that about 10%–30%
of patients receiving GM treatment will develop nephrotoxicity
(Rodrigues et al., 2014). It’s widely recognized that oxidative stress
occurred in the GM-induced nephrotoxicity, which appears as the
increase of lipid peroxidation level and decrease of antioxidant
enzyme activities (Lee et al., 2012). Studies have also found that
renal inflammation is involved in this process, which is character-
ized by release of pro-inflammatory cytokines, infiltration of
inflammatory cells and activation of nuclear factor-kappa B (NF-
jB) signal pathway (Ansari, Raish, Ahmad, Fayaz, et al., 2016). Fur-
thermore, GM can induce the apoptosis of renal tubular epithelial
cells as well (El Gamal et al., 2014).

Cistanche deserticola Y. C. Ma (Roucongrong in Chinese), gener-
ally referred to as ‘‘Ginseng of the deserts”, belongs to the Oroban-
chaceae family (Yang et al., 2019). C. deserticola is widely used in
China to treat cure renal disorders and infertility. The phenyletha-
noid glycosides and polysaccharides are major active components
isolated from C. deserticola (Yuan et al., 2018; Zhi et al, 2021).
Recent studies have shown that C. deserticola have potential
antioxidant (Liu et al., 2018), anti-inflammatory (Jia et al., 2014),
anti-osteoporotic (Zhang et al., 2019), hypoglycemia (Xiong et al.,
2013), anti-tumor (Yuan et al., 2018) and immunomodulatory
(Zhang et al., 2018) effects. However, to the best of our knowledge,
the protective effect of C. deserticola against GM-induced nephro-
toxicity has not been studied. Therefore, in this study, the protec-
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tive effects of C. deserticola extracts on GM-induced nephrotoxicity
in rats are assessed by glomerular filtration rate (GFR), blood urea
nitrogen (BUN) and creatinine. The possible mechanisms are
explored through oxidative stress, inflammation levels and renal
tubular cell apoptosis.
2. Materials and methods

2.1. Plants and materials

Dried Cistanche deserticolawas collected from Qingtuhu, Minqin
County (Gansu Province, China). A voucher specimen was identi-
fied by Xicang Yang, Department of Pharmacy, Affiliated Hospital
of Gansu University of Chinese Medicine. A voucher specimen (ac-
cession number LZU-Y-CD-20190426) of the retained material was
preserved at the herbarium of Chinese Medicine and Natural Med-
icine Research Institute, School of Pharmacy, Lanzhou University.

GM sulfate was obtained from Beijing Solarbio Science & Tech-
nology Co., ltd. (Beijing, China); Blood urea nitrogen (BUN), crea-
tinine, superoxide dismutase (SOD), catalase (CAT), glutathione
(GSH), malondialdehyde (MDA), myeloperoxidase (MPO) assay kits
were purchased from Nanjing Jiancheng Biotechnology Co., ltd.
(Nanjing, China); Antibodies against Bax, a-tublin and HRP conju-
gated secondary antibody were purchased from ImmunoWay
Biotechnology Company (Plano, TX, USA). Antibodies against Bcl-
2, nuclear factor-kappa B (NF-jB) and b-actin were purchased from
GENETEX, Inc (CA, USA). All other reagents used were analytical
grade.

2.2. Extracts preparation

The dried succulent stem of C. deserticolawas crushed into pow-
der and sieved through 850 lmmesh. C. deserticola powder (500 g)
was extracted thrice by 5 L 75% ethanol and concentrated to obtain
ethanol extract, named as CDE. C. deserticola powder (500 g) was
extracted thrice by 5 L distilled water and concentrated to obtain
water extract, named as CDW. Then the extracts were frozen at
�80 ℃ and lyophilized. The yield of CDW and CDE were 66.29%
and 58.91%, respectively.

2.3. Chemical characterization analysis

The carbohydrates content of CDW or CDE was measured using
the phenol–sulfuric acid method using D-glucose as the standard
(Bai et al., 2018). The contents of echinacoside and verbascoside
in CDW or CDE were determined by high performance liquid chro-
matography (HPLC). The HPLC systems (Agilent 1260, Santa clara,
CA, USA) were connected with an autosampler and a diode array
detector. Agilent ZORBAX C18 column (250 mm � 4.6 mm, 5 lm)
was used to perform analysis with following chromatographic con-
ditions: A mobile phase consisting of 0.2% phosphoric acid solution
(A) and 50% methanol–acetonitrile (B) in the ration of 75:25 (vol-
ume percentage) was run at a flow rate of 1 mL/min for 20 min.
The injection volume was 10 lL. Detection was performed at a
wavelength of 330 nm at 25 �C.

2.4. Experimental animals

Adult male Wistar rats weighing between 180 and 250 g were
obtained from Experimental Animal Center in Lanzhou University,
China (the license number SCXK (Gan) 2018–0002). Animals were
housed under controlled environmental conditions at room tem-
perature [(25 ± 2) �C] with a 12 h light–dark cycle and humidity
of 55%�60%, and maintained on a basal diet and water ad libitum.
All animal experiments were carried out ethically approved by the
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Ethics Committee of School of Pharmacy, Lanzhou University (LZU-
Y-CD-20190426), and conformed to the ethical standards for the
use of animals in research.

2.5. Experimental design

After one-week adaptive feeding, 80 rats were randomly
divided into 10 groups (A � J) of eight rats for each:

Group A, normal group (NC): Rats were intraperitoneally (i.p.)
injected with 0.9% sodium chloride saline from the 6th d and
lasted for 10 consecutive days.
Group B, model group (GM): Rats were treated with GM
100mg/kg.bw (i.p.) from the 6th d and lasted for 10 consecutive
days.
Groups C and D, CDW or CDE groups (Negative): Rats were trea-
ted orally with 200 mg/kg.bw CDW or CDE for 16 consecutive
days.
Groups E, F and G, CDW + GM groups (GCDW 100, 200, 400):
Rats were treated orally with CDW 100, 200 and 400 mg/kg.
bw for 16 d and treated with GM 100 mg/kg.bw (i.p.) from
the 6th d and lasted for 10 consecutive days.
Groups H, I and J, CDE + GM groups (GCDE 100, 200, 400): Rats
were treated orally with CDE 100, 200 and 400 mg/kg.bw for 16
d and treated with GM 100 mg/kg.bw (i.p.) from the 6th d and
lasted for 10 consecutive days.

The dose of Cistanche extracts were selected according to liter-
ature reports (Zhang et al., 2019). At the end of the study, whole
blood samples were collected using abdominal aortic blood collec-
tion to obtain serum for identification of serum-specific renal func-
tion parameters (BUN and creatinine). The right kidney tissue was
harvested for histological studies. Another kidney was frozen in
liquid nitrogen and stored at �80 ℃ for other studies.

2.6. Glomerular filtration rate (GFR) measurement

In this study, a novel device was used for the transcutaneous
measurement of the elimination kinetics of the fluorescent-
labeled exogenous GFR marker fluorescein isothiocyanate (FITC)-
sinistrin in freely moving rats (Schock-Kusch et al., 2011; Ellery
et al., 2015; Cunningham et al., 2018). Briefly, after intraperitoneal
injection of GM on the 16th d, rats were anesthetized and all of the
hair on the upper back below the ears were shaved and removed to
reduce interference or auto-fluorescence of sinistrin. The determi-
nation of GFR was performed on a miniaturized device (NIC-
Kidney, Mannheim Pharma & Diagnostics, Mannheim, Germany)
composed of 2-light-emmiting diodes that can transcutaneously
excite and measure the clearance of FITC-sinistrin. The baseline
fluorescence was collected for 2–3 min, followed by a bolus injec-
tion of FITC-sinistrin (5 mg/100 g body weight in 0.2 mL of 0.9%
irrigation saline). Continuous fluorescence was measured for 2 h
and clearance curves were analyzed using the MPD Lab Ver
1.0RC3 software. The half-life (t1/2) for the clearance of FITC-
sinistrin was determined after the injection of 120 min using
one-compartment model. The t1/2 value was converted to GFR
(mL/min/100 g body weight) using the following semi-empirical
equation developed and validated by the manufacturer:
GFR = 31.26 [mL/100 g body weight]/t1/2 [min] (Cunningham
et al., 2018; Weber et al., 2018; Pastor-Arroyo et al., 2018).

2.7. Histological analysis

Renal tissues were fixed with 4% paraformaldehyde. They were
then dehydrated with 75% alcohol and embedded in paraffin. The
blocks were cut into 4-lm-thick sections, stained with hema-
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toxylin and eosin (H&E), and observed under a light microscope
(�200).

2.8. Measurement of oxidative stress markers

Kidneys were homogenized in phosphate-buffered saline using
tissue homogenizer (Shanghai Onebio Technology Co., Ltd., Shang-
hai, China) and then centrifuged at 10 000 rpm for 10 min. The pre-
cipitate was discarded and protein content was measured in the
supernatant using a Coomassie Brilliant Blue assay kit (Nanjing
Jiancheng Biotechnology, Nanjing, China). Supernatant aliquots
were used to determine oxidative markers, including glutathione
(GSH), malondialdehyde (MDA), superoxide dismutase (SOD) and
catalase (CAT). The measurements were performed according to
the instruction of each commercial kit attached.

2.9. Myeloperoxidase (MPO) levels

MPO is an enzyme expressed in neutrophils that usually is used
as an indirect indicator of lipid peroxidation in tissue samples
(Ansari, Raish, Ahmad, Fayaz, et al., 2016). MPO concentrations in
kidney tissue samples were estimated using commercial kit (Nan-
jing Jiancheng Biotechnology, Nanjing, China).

2.10. Determination of inflammatory cytokines gene expression

The total RNA was extracted from spleen using the Trizol
reagent. The resulting RNA was reverse transcribed using a HifairTM

Ⅱ 1st Strand cDNA Synthesis SuperMix Kit (Yeasen, China). The RT
reaction was performed at 42 �C for 15 min and 85 �C for 2 min to
prepare cDNA which was then stored at �80 �C for use. Real-time
PCR was carried out using an LightCycle 480 real-time PCR system
(Roche, Munich, Germany) and a real-time PCR master mix (SYBR
Green) reagent kit (Yeasen, China). Custom-made primers included
the following:

tumor necrosis factor-a (TNF-a), 50-CAGCAGATGGGCTG
TACCTT-30 (forward) and 50-
AAATGGCAAATCGGCTGACG’(reverse);
interleukin-6 (IL-6), 50-CTCTCCGCAAGAGACTTCCA-30 (forward)
and 50-TGGTCTGTTGTGGGTGGTATC-30 (reverse);
GAPDH, 50-AGTGCCAGCCTCGTCTCATA-30 (forward) and 50-
GAGAAGGCAGCCCTGGTAAC �30 (reverse).

The conditions for real-time PCR were 95 �C for 5 min, then 40
cycles at 95 �C for 10 s, 60 �C for 30 s, and 95 �C for 15 s, 60 �C for
1 min, 95 �C for 15 s. Relative expression was calculated by the
2�44CT method (Livak & Schmittgen, 2001).

2.11. Western blot assay

The kidney from each group frozen at � 80 �C were homoge-
nized in an ice bath with lysis buffer for 5 min and centrifuged
(12 000 g for 30 min). The concentration of protein was determined
by BCA method. The denatured proteins were loaded onto 12%
SDS-PAGE by electrophoresis, transferred to PVDF membranes
and probed with primary antibody against Bax (1:1000), Bcl-2
(1:000), NF-jB (p65) (1:1000) according to the manufacturer’s
instructions. 5% BSA (prepared in TBST containing 0.1% Tween
20) was used to block the membranes at 4 �C with gentle shaking,
overnight. After washing with TBST, the membranes were incu-
bated at room temperature for 1 h with secondary antibody
(1:5000). The signals were analyzed by ECL Western Blotting Sub-
strate and quantified by Tanon 5200 Chemiluminescence imaging
system (Tanon Science & Technology Co., Ltd., Shanghai, China).
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2.12. Statistical analysis

Results were expressed as means ± SD. All data were analyzed
by one-way ANOVA with Tukey post-test. Significance was defined
as P < 0.05.
3. Results

3.1. Chemical characterization of CDW and CDE

Total carbohydrates contents of CDW and CDE were 72.13% and
62.00%, respectively. The contents of echinacoside and verbas-
coside in CDW were 3.80 mg/g and 0.17 mg/g, respectively. The
contents of echinacoside and verbascoside in CDE were 3.90 mg/
g and 0.78 mg/g, respectively. The HPLC chromatogram of CDW
and CDE were shown in Fig. 1.

3.2. Effect of C. deserticola on GM-induced renal dysfunction

Compared to normal rats, GM induced a significant reduction
(P < 0.01) in GFR (Fig. 2A). Compared to GM group rats, rats treated
with CDW or CDE at 100, 200, 400 mg/kg doses along with GM sig-
nificantly increased GFR (CDW: 100, 200, 400 mg/kg, P < 0.01; CDE:
100 mg/kg, P < 0.05; 200, 400 mg/kg, P < 0.01). In addition, the
levels of serum specific renal function parameters such as BUN
(Fig. 2B) and creatinine (Fig. 2C) were significantly (P < 0.01)
increased in GM group rats than normal rats. Compared with GM
administered rats, co-administration of CDW or CDE at all doses
(100, 200 and 400 mg/kg) with GM have significantly decreased
serum levels of BUN (CDW: 100 mg/kg, P < 0.05; 200, 400 mg/kg,
P < 0.01; CDE: 200, 400 mg/kg, P < 0.05) and creatinine (CDW:
200, 400 mg/kg, P < 0.01; CDE: 200, 400 mg/kg, P < 0.01). CDW
showed better potent protective effects against GM-induced
nephrotoxicity than CDE (GFR: 100, 400 mg/kg, P < 0.01; BUN:
200 mg/kg, P < 0.01; 400 mg/kg, P < 0.05; creatinine: 200 mg/kg,
P < 0.05). The differences in GFR and serum BUN and creatinine
levels in negative groups (CDW and CDE groups) were insignificant
(P > 0.05) when compared to normal rats.

3.3. Histopathological examination

As shown in Table 1 and Fig. 3, light microscopic examination
of kidney tissue in NC group (Fig. 3A) showed normal tubular and
glomerular structures. GM-intoxicated rats displayed many struc-
tural changes (Fig. 3B). Renal tubules showed necrosis and vacuo-
lation with occasional desquamation appeared on epithelial cells
of the proximal convoluted tubules. The interstitium showed mild
inflammatory cell infiltration, edema, and extravasated red blood
corpuscle. Kidney sections of mice given CDW (Fig. 3C–E) or CDE
(Fig. 3F–H) simultaneous with GM showed alleviation of GM-
induced changes as indicated by the reduction of epithelial vac-
uolization, tubular necrosis and extravasated red blood
corpuscles.

3.4. Effect of C. DESERTICOLA on GM-induced catalase (CAT) activity

Compared to normal rats, GM administration caused a signifi-
cant decrease of 17.10% on catalase levels [(20.58 ± 1.03) to (17.0
6 ± 1.07) U/mg port, P < 0.05)], which was shown in Fig. 4A. Com-
pared to GM alone group, addition of CDW at the dose of 200 mg/
kg body weight to GM significantly restored the levels of catalase
with an increase of 16.45% (P < 0.05). However, addition of CDE
treatment at doses of 100, 200 and 400 mg/kg body weight to
GM all had no significant change of the activity of catalase
(P > 0.05).



Fig. 1. HPLC chromatographic profile of water and 75% ethanol extracts of C. deserticola (CDW and CDE). peak1, echinacoside; peak2, verbascoside.

Fig. 2. Effect of C. deserticola on gentamicin (GM)-induced changes in glomerular filtration rate (GFR, A) and serum specific renal function parameters of blood urea nitrogen
(BUN, B) and creatinine (C). Values are the means ± SD (n = 8). NC, group of rats treated with normal saline daily; GM, group of rats treated with GM (100 mg/kg, i.p.);
Negative, group of animals treated with CDW (water extract of C. deserticola) or CDE (ethanol extract of C. deserticola) (200 mg/kg, p.o.) and normal saline (i.p.); 100, 200, 400,
group of animals treated with both CDW or CDE (100, 200, 400 mg/kg, p.o.) and gentamicin (100 mg/kg, i.p.); **P < 0.01 vs NC group, #P < 0.05 and ##P < 0.01 vs GM control
group, DP < 0.05 and DDP < 0.01 vs GCDE group.
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3.5. Effect of C. deserticola on GM-induced superoxide dismutase (SOD)
activity

Compared to normal rats, GM administration caused a signifi-
cant reduction of 26.77% in SOD levels [(75.49 ± 2.51) to (55.28 ±
2.24) U/mg port, P < 0.05], which was shown in Fig. 4B. Compared
with the GM group, when the oral administration of CDW to rats
with GM-induced nephrotoxicity was 100, 200, 400 mg/kg, it could
significantly increase the SOD activity of GM-induced rats by
20.34%, 36.00% and 25.67%, respectively (100, 200 mg/kg,
P < 0.01, 400 mg/kg, P < 0.05). Compared to GM group rats, CDE
105
(100, 200 and 400 mg/kg) pretreatment of GM-induced rats could
significantly increase the SOD level of GM-induced rats by 20.34%,
36.00% and 25.67% (200 mg/kg, P < 0.01, 100, 400 mg/kg, P < 0.05).
Furthermore, CDW presented significantly stronger effect than CDE
at a dose of 200 mg/kg (P < 0.05).

3.6. Effect of C. deserticola on GM-induced malondialdehyde (MDA)
content

The magnitude of lipid peroxidation as measured by the forma-
tion of MDA was shown in Fig. 4C. Compared with the normal rats,



Table 1
Effect of C. deserticola on kidney histology scores in all experimental groups
(Mean ± SD, n = 3).

Experimental groups Histopathological rating (mean ± SD)

NC 1.27 ± 0.12
GM 4.32 ± 0.93##

GCDW100 3.42 ± 0.28*
GCDW200 2.15 ± 0.37*
GCDW400 2.96 ± 0.45*
GCDE100 3.64 ± 0.62*
GCDE200 2.27 ± 0.42*
GCDE400 2.43 ± 0.29*

Note: ##P < 0.01vs NC group, *P < 0.05 vs GM group, 1.0, normal; 1.5, very mild, no
remarkable lesions noted; 2.0, mild tubular degeneration on the cortex and
medulla; 2.5, mild tubular degeneration on the cortex and medulla with very mild
fibroblasts proliferation; 3.0, moderate degeneration on the cortex and medulla
with mild fibroblasts proliferation; 3.5, moderate to severe tubular degeneration on
the cortex and medulla; 4, severe tubular degeneration on the cortex and medulla.

Fig. 3. Representative microscopic images of Hematoxylin & Eosin-stained kidney tissu
GCDW100, (D) GCDW200, (E) GCDW400, (F) GCDE100, (G) GCDE200, (H) GCDE400.
inflammation containing infiltration of inflammatory cells; Blue arrow: the tubular lum

Fig. 4. Effect of C. deserticola on GM-induced nephrotoxicity with respect to kidney lipid p
(SOD) activity, (C) malondialdehyde (MDA) content, and (D) glutathione (GSH) content. *P
group.
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the MDA content of GM-induced nephrotoxicity rats increased sig-
nificantly by 18.55% [(0.27 ± 0.02) to (0.32 ± 0.02) nmol/mg port,
P < 0.05], resulting in oxidative stress. Compared with GM group
rats, CDW pretreatment at 100, 200 and 400 mg/kg doses resulted
in significant reduction of 35.39%, 32.83% and 19.82% respectively
in GM-induced oxidative stress in terms of MDA levels (100,
200 mg/kg, P < 0.01, 400 mg/kg, P < 0.05); CDE pretreatment at
200 and 400 mg/kg resulted in significant reduction of 29.50%
and 23.15% respectively in GM-induced oxidative stress in terms
of MDA levels (200 mg/kg, P < 0.01, 400 mg/kg, P < 0.05). In addi-
tion, CDW presented significantly stronger effect than CDE at a
dose of 100 mg/kg (P < 0.05).

3.7. Effect of C. deserticola on GM-induced glutathione (GSH) content

As shown in Fig. 4D, GM-treated rats showed significant
decrease in GSH content of 17.65% [(0.51 ± 0.04) to (0.42 ± 0.03)
e sections. Light microscopic examination of kidney tissue in (A) NC, (B) GM, (C)
White arrow: tubular degeneration; Yellow arrow: massive necrosis and foci of
en filled with pink color fluid accumulation. Magnification, �200.

eroxidation (means ± SD, n = 8). (A) catalase (CAT) activity, (B) superoxide dismutase
< 0.05 vs NC group, #P < 0.05 and ##P < 0.01 vs GM control group, DP < 0.05 vs GCDE
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mg/g port, P < 0.05] in comparison with normal rats. In comparison
with GM group rats, CDW (100, 200, 400 mg/kg) pretreatment of
GM-induced rats could significantly increase GSH content by
approximately 18.51%, 28.35% and 25.82% (200 mg/kg, P < 0.01,
100, 400 mg/kg, P < 0.05); CDE (100, 200 mg/kg) pretreatment of
GM-induced rats could significantly increase GSH content by
approximately 19.06% and 16.16% (100, 200 mg/kg, P < 0.05). In
addition, CDW presented significantly stronger effect than CDE at
a dose of 400 mg/kg (P < 0.05).

3.8. Effect of C. deserticola on GM-induced myeloperoxidase (MPO)
levels

As depicted in Fig. 5A, MPO levels increased significantly by
30.99% [(0.71 ± 0.08) to (0.93 ± 0.09) U/g, P < 0.05] in the kidneys
of GM group rats compared to normal rats. Compared with the GM
group rats, CDW (100, 200, 400 mg/kg) pretreatment of GM-
induced rats significantly prevented the elevations in MPO levels
by approximately 35.63%, 44.58% and 48.06%, respectively
(100 mg/kg, P < 0.05, 200, 400 mg/100 g, P < 0.01); CDE (100,
200, 400 mg/kg) pretreatment of GM-induced rats significantly
prevented the elevations in MPO levels by approximately 26.27%,
43.63% and 46.41%, respectively (100 mg/kg, P < 0.05, 200,
400 mg/kg, P < 0.01). These results indicated that CDE and CDW
had anti-inflammatory activity.

3.9. Effect of C. deserticola on GM-induced renal inflammation

As shown in Fig. 5B and C, GM administration significantly
upregulate the mRNA levels of TNF-a and IL-6 (P < 0.01) when
compared to normal rats. CDW or CDE treatment (100, 200,
400 mg/kg) along with GM significantly decreased the TNF-a
mRNA (CDW: 100, 200, 400 mg/kg, P < 0.01; CDE: 100 mg/kg,
P < 0.05, 200, 400 mg/kg, P < 0.01) and IL-6 mRNA (CDW:
100 mg/kg, P < 0.05, 200, 400 mg/kg, P < 0.01; CDE: 100, 200 mg/
kg, P < 0.05, 400 mg/kg, P < 0.01) levels in comparison with GM
group rats. CDW presented significantly stronger effects than
CDE at the dose of 400 mg/kg (P < 0.05).

In addition, GM significantly increased expression of the
nuclear protein NF-jB (p65) (Fig. 5D and E) which compared to
Fig. 5. Effect of C. deserticola on GM-induced changes in inflammatory markers in kidney
tumor necrosis factor-a (TNF-a) and (C) relative mRNA expression of interleukin-6 (IL-6)
B (NF-jB) (p65) expression in the kidney tissue (means ± SD, n = 3). *P < 0.05 and **P < 0.0
vs GCDE group.
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normal rats (P < 0.01). Compared to GM group rats, CDW or CDE
treatment significantly reduced nuclear NF-jB (p65) protein
expression (CDW: 100 mg/kg, P < 0.05, 200, 400 mg/kg, P < 0.01;
CDE: 100, 200, 400 mg/kg, P < 0.01). CDW presented significantly
stronger effects than CDE (100, 200, 400 mg/kg, P < 0.05).

3.10. Effect of C. deserticola on GM-induced renal apoptosis

As shown in Fig. 6, GM administration significantly increased
the renal protein expression of Bax (P < 0.01) and decreased Bcl-
2 (P < 0.01) in comparison with normal rats. Compared to GM
group rats, addition of CDW or CDE (100, 200, 400 mg/kg) treat-
ment along with GM effectively reduced the GM-induced renal
expression of Bax (CDW: 200, 400 mg/kg, P < 0.01; CDE: 100,
200, 400 mg/kg, P < 0.01) and increased Bcl-2 (CDW: 100, 200,
400 mg/kg, P < 0.01; CDE: 100, 200, 400 mg/kg, P < 0.01)
expression.
4. Discussion

The serious nephrotoxicity limits the use of GM (Nafiu et al.,
2019). Thus, it is of great clinical value to seek a therapeutic
approach to reverse or protect GM-induced kidney injury. In recent
years, many natural plants have been proved to have protective
effects against GM-induced nephrotoxicity (Boozari &
Hosseinzadeh, 2017). For instance, the gingerol fraction from Zin-
giber officinale had been proved to promoted the protective effect
on GM-mediated nephropathy by inflammatory processes, oxida-
tive stress and renal dysfunction (Rodrigues et al., 2014). Red gin-
seng extract treatment significantly attenuated tubular damage,
renal dysfunction and cell apoptosis and decreased ROS production
in GM-induced rats (Ansari et al., 2016). C. deserticola is an impor-
tant traditional Chinese herbal for renal dysfunction treatment
(Chao et al., 2019). Decoction or medicinal liquor of this plant have
been widely used. However, the protective effect of C. deserticola
on kidney injury caused by GM has not been studied yet. In this
study, we aimed to study the renal protective effects of CDW and
CDE on GM-induced nephrotoxicity in rats.

GFR is an important index in detecting kidney function (Endre
et al., 2011). To determine whether kidney function decline in
tissues of rats. (A) Myeloperoxidase (MPO) activity, (B) relative mRNA expression of
(means ± SD, n = 8) (D) and (E) Western blot analysis of nuclear nuclear factor-kappa
1 vs NC group, #P < 0.05 and ##P < 0.01 vs GM control group, DP < 0.05 and DDP < 0.01



Fig. 6. Effect of C. deserticola on GM-induced changes in apoptotic markers in kidney tissues of rats (means ± SD, n = 3). (A) Western blot analysis of Bax and Bcl-2 protein
expression in the kidney tissue of rats, a-tublin expression was used as a loading control. (B) and (C) representative bar diagram showing quantitative results for relative
levels of Bax and Bcl-2 proteins. **P < 0.01 vs NC group, ##P < 0.01 vs GM control group, DP < 0.05 vs GCDE group.
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GM-treated rats, we injected FITC-sinistrin into the femoral vein of
anesthetized rats and connected a detector to transcutaneously
measure the efficiency of FITC-sinistrin filtered by the kidney
(Eriguchi et al., 2018). GM administration at the dose of 100 mg/
kg (i.p.) for 10 consecutive days produced a significant reduction
of GFR, which indicated that GM reduced kidney function as
reported (Lee et al., 2019). At the same time, the levels of BUN
and creatinine in the blood of rats were increased in GM-treated
rats, and renal tubules were degenerated with a large amount of
necrosis, pink fluid accumulation and infiltration of inflammatory
cells, which further proved that GM has serious nephrotoxicity.
Compared with the GM-alone treated rats, addition of CDW or
CDE (100, 200, 400 mg/kg) treatment to GM significantly reduced
the BUN and creatinine levels, increased GFR and produced appar-
ently normal histoarchitecture with slight inflammatory infiltra-
tion and tubular degeneration. Because there were no significant
differences in GFR, serum levels of BUN and creatinine and kidney
histomorphology between normal and negative (CDE and CDW)
groups of rats, we excluded negative groups (CDW and CDE) for
further biochemical analysis.

Oxidative stress plays a crucial role in GM-induced nephrotox-
icity (Veljković et al., 2017). MDA is the marker of oxidative stress
and the final product of lipid peroxidation (Rodrigues et al., 2014).
In this study, GM-induced renal injury rats showed a significant
elevation of MDA content indicating the increase of lipid peroxida-
tion. Pretreatment with CDW or CDE at doses of 100, 200 and
400 mg/kg greatly reduced the GM-induced MDA level. Reactive
oxygen species generated during normal cellular processes are
instantly detoxified by endogenous antioxidant enzymes, such as
catalase and SOD and non-enzymatic antioxidant glutathione
(Wang et al., 2011). However, in the GM-induced renal injury
model, the content of reactive oxygen species were increased, such
as hydroxyl free radicals and superoxide anion free radicals, lead-
ing to excessive consumption of catalase, SOD and glutathione,
which exacerbated the deterioration of renal structure (Cao et al.,
2019). In the present study, addition of CDW or CDE treatment
(100, 200, 400 mg/kg) along with GM significantly recovered the
GM-induced decrease in SOD and glutathione levels in comparison
with GM treated alone rats. However, only addition of CDW at a
dose of 200 mg/kg body weight along with GM could increase
the catalase activity in comparison with GM treated alone rats.
Our results confirmed the results of earlier studies that the
enhancement of oxidative stress played a major role in the nephro-
toxicity induced by GM (Randjelović et al., 2017).

Earlier studies reported that renal damage caused by GM could
stimulate inflammatory events and enhance the migration of
monocytes (Lopez-Novoa et al., 2011). By regulating the secretion
of pro-inflammatory cytokines, the nuclear translocation of acti-
vated NF-jB in oxidative stress responses is a key process in the
progress of renal inflammation (Quiros et al., 2011). In the present
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investigation, there were significant increases of mRNA level of
renal cytokines (TNF-a and IL-6) and nuclear protein expression
of NF-jB in GM-induced rats compared with normal rats. Pretreat-
ment of CDW or CDE to GM-treated rats significantly reduced the
expression of renal nuclear protein of NF-jB and mRNA levels of
pro-inflammatory cytokines (TNF-a and IL-6) compared to GM-
treated rats. MPO activity in is an indicator of neutrophil accumu-
lation and an increase in MPO activity reveals the inflammatory
infiltration of tissue injury sites (Abd-Elhamid et al., 2018). This
study showed that MPO activity in rat kidney tissue increased after
GM action, suggesting neutrophil infiltration and inflammatory
response occurred. CDW and CDE (100, 200, 400 mg/kg) combined
with GM can inhibit the activity of MPO in kidney tissues of rats
and improve the histological characteristics of kidneys. The above
findings indicated that C. deserticola could improve GM-induced
nephrotoxicity through its anti-inflammatory effect.

Apoptosis plays an important role not only in the physiological
processes of the kidney, but also in nephrotoxicity caused by vari-
ous kidney diseases and drugs (El Gamal et al., 2014). Prolonged
GM treatment may lead to renal injury with acute tubular apopto-
sis. It is well known that during apoptosis, Bax acts as a proapop-
totic protein, whereas Bcl-2 acts as an anti-apoptotic protein
(Chen & Huang, 2017). In this study, GM administration upregu-
lated the protein expression of Bax and down regulated Bcl-2
expression. The CDW or CDE (100, 200, 400 mg/kg) treatment to
GM treated rats significantly prevented renal tubular apoptosis
compared with GM treated alone rats. Previous reports suggested
that NF-jB activation promoted GM-induced renal tubular apopto-
sis in rats (Gong et al., 2012). NF-jB may directly activate apoptotic
proteins such as Bax or down-regulate of anti-apoptotic proteins
such as Bcl-2 (Z. Yuan et al., 2017) (Fan et al., 2017). Our results
indicated that the combination of CDW and CDE with GM signifi-
cantly reduced the expression of NF-jB in the kidney, thereby
inhibiting renal tubular apoptosis/necrosis due to GM. These find-
ings were also in agreement with previously reported literatures
(Ansari, Raish, Ahmad, Fayaz, et al., 2016). However, further study
of the biochemical basis of its therapeutic potentials (particularly
at a molecular level) is expedient in order to properly elucidate
the extract’s mechanism of action. Also, further studies are needed
to identify and characterize the phytoconstituents from C. deserti-
cola and explore the exact mechanism to act as nephroprotective,
before being established it in clinical setting.
5. Conclusion

In summary, this study indicated that the water and 75% etha-
nol extracts of C. deserticola had a protective effect on kidney, and
its protective effect on GM-induced nephrotoxicity could be attrib-
uted to its anti-apoptotic, anti-inflammatory and antioxidant prop-



R. Bai, J. Fan, Y. Wang et al. Chinese Herbal Medicines 15 (2023) 102–109
erties. Thus, C. deserticola might be a promising drug for the treat-
ment of nephrotoxicity caused by GM.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

This work was supported by the National Key Research and
Development Program of China (2018YFC1706300,
2018YFC17063003), the Key Research and Development Project
of GanSu Province (20YF2FA019), the People’s Livelihood Special
Project from Technical Innovation Guide Plan of Gansu Province
(20CX4FK014), the Key Talent Project of Organization Department
of Gansu Provincial Party Committee ([2022] Gan-71), the Talent
Innovation and Entrepreneurship Project of Lanzhou (2017-
RC115, 2020-RC-41).

References

Abd-Elhamid, T. H., Elgamal, D. A., Ali, S. S., Ali, F. E. M., Hassanein, E. H. M., El-
Shoura, E. A. M., & Hemeida, R. A. M. (2018). Reno-protective effects of
ursodeoxycholic acid against gentamicin-induced nephrotoxicity through
modulation of NF-jB, eNOS and caspase-3 expressions. Cell and Tissue
Research, 374(2), 367–387.

Ansari, M. A., Raish, M., Ahmad, A., Ahmad, S. F., Mudassar, S., Mohsin, K., ... Bakheet,
S. A. (2016). Sinapic acid mitigates gentamicin-induced nephrotoxicity and
associated oxidative/nitrosative stress, apoptosis, and inflammation in rats. Life
Sciences, 165, 1–8.

Bai, R., Li, W., Li, Y., Ma, M., Wang, Y., Zhang, J., & Hu, F. (2018). Cytotoxicity of two
water-soluble polysaccharides from Codonopsis pilosula Nannf. var. modesta
(Nannf.) L.T.Shen against human hepatocellular carcinoma HepG2 cells and its
mechanism. International Journal of Biological Macromolecules, 120, 1544–1550.

Boozari, M., & Hosseinzadeh, H. (2017). Natural medicines for acute renal failure: A
review. Phytotherapy Research, 31(12), 1824–1835.

Cao, L., Zhi, D., Han, J., Kumar Sah, S., & Xie, Y. (2019). Combinational effect of
curcumin and metformin against gentamicin-induced nephrotoxicity:
Involvement of antioxidative, anti-inflammatory and antiapoptotic pathway.
Journal of Food Biochemistry, 43(7), 1–9.

Chao, C. L., Huang, H. W., Huang, H. C., Chao, H. F., Yu, S. W., Su, M. H., ... Lin, H. C.
(2019). Inhibition of amyloid beta aggregation and deposition of Cistanche
tubulosa aqueous extract. Molecules, 24(4), 1–12.

Chen, L., & Huang, G. (2017). Antitumor activity of polysaccharides: An overview.
Current Drug Targets, 19(1), 89–96.

Cunningham, M. W., Castillo, J., Ibrahim, T., Cornelius, D. C., Campbell, N., Amaral, L.,
... LaMarca, B. (2018). AT1-AA (angiotensin II type 1 receptor agonistic
autoantibody) blockade prevents preeclamptic symptoms in placental
ischemic rats. Hypertension, 71(5), 886–893.

El Gamal, A. A., Alsaid, M. S., Raish, M., Al-Sohaibani, M., Al-Massarani, S. M., Ahmad,
A., Hefnawy, M., Al-Yahya, M., Basoudan, O. A., & Rafatullah, S. (2014). Beetroot
(Beta vulgaris L.) extract ameliorates gentamicin-induced nephrotoxicity
associated oxidative stress, inflammation, and apoptosis in rodent model.
Mediators of Inflammation, 2014, 983952.

Ellery, S. J., Cai, X., Walker, D. D., Dickinson, H., & Kett, M. M. (2015). Transcutaneous
measurement of glomerular filtration rate in small rodents: Through the skin
for the win? Nephrology, 20(3), 117–123.

Endre, Z. H., Pickering, J. W., & Walker, R. J. (2011). Clearance and beyond: The
complementary roles of GFR measurement and injury biomarkers in acute
kidney injury (AKI). American Journal of Physiology-Renal Physiology, 301(4),
697–707.

Eriguchi, M., Lin, M., Yamashita, M., Zhao, T. V., Khan, Z., Bernstein, E. A., ... Giani, J. F.
(2018). Renal tubular ACE-mediated tubular injury is the major contributor to
microalbuminuria in early diabetic nephropathy. American Journal of Physiology-
Renal Physiology, 314(4), 531–542.

Fan, D., Yang, Z., Yuan, Y., Wu, Q. Q., Xu, M., Jin, Y. G., & Tang, Q. Z. (2017). Sesamin
prevents apoptosis and inflammation after experimental myocardial infarction
by JNK and NF-jB pathways. Food & Function, 8(8), 2875–2885.

Gong, X., Celsi, G., Carlsson, K., & Norgren, S. (2012). Protective effects of N-
acetylcysteine amide (NACA) on gentamicin-induced apoptosis in LLC-PK1 cells.
Renal Failure, 34(4), 487–494.

Jia, Y., Guan, Q., Jiang, Y., Salh, B., Guo, Y., Tu, P., & Du, C. (2014). Amelioration of
dextran sulphate sodium-induced colitis in mice by echinacoside-enriched
extract of cistanche tubulosa. Phytotherapy Research, 28(1), 110–119.
109
Lee, I. C., Kim, S. H., Lee, S. M., Baek, H. S., Moon, C., Kim, S. H., ... Kim, J. C. (2012).
Melatonin attenuates gentamicin-induced nephrotoxicity and oxidative stress
in rats. Archives of Toxicology, 86(10), 1527–1536.

Lee, M. C., Cheng, K. J., Chen, S. M., Li, Y. C., Imai, K., Lee, C. M., & Lee, J. A. (2019). A
novel preventive mechanism of gentamicin-induced nephrotoxicity by
atorvastatin. Biomedical Chromatography, 33(11), e4639.

Liu, Y., Wang, H., Yang, M., Liu, N., Zhao, Y., Qi, X., ... Yu, J. (2018). Cistanche
deserticola polysaccharides protects PC12 cells against OGD/RP-induced injury.
Biomedicine & Pharmacotherapy, 99, 671–680.

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression data
using real-time quantitative PCR and the 2-DDCT method. Methods, 25(4),
402–408.

Lopez-Novoa, J. M., Quiros, Y., Vicente, L., Morales, A. I., & Lopez-Hernandez, F. J.
(2011). New insights into the mechanism of aminoglycoside nephrotoxicity: An
integrative point of view. Kidney International, 79(1), 33–45.

Nabavi, S. F., Nabavi, S. M., Moghaddam, A. H., Naqinezhad, A., Bigdellou, R., &
Mohammadzadeh, S. (2012). Protective effects of Allium paradoxum against
gentamicin-induced nephrotoxicity in mice. Food & Function, 3(1), 28–29.

Nafiu, A. O., Akomolafe, R. O., Alabi, Q. K., Idowu, C. O., & Odujoko, O. O. (2019).
Effect of fatty acids from ethanol extract of Moringa oleifera seeds on kidney
function impairment and oxidative stress induced by gentamicin in rats.
Biomedicine & Pharmacotherapy, 117 109154.

Pastor-Arroyo, E. M., Gehring, N., Krudewig, C., Costantino, S., Bettoni, C., Knöpfel, T.,
... Rubio-Aliaga, I. (2018). The elevation of circulating fibroblast growth factor
23 without kidney disease does not increase cardiovascular disease risk. Kidney
International, 94(1), 49–59.

Quiros, Y., Vicente-Vicente, L., Morales, A. I., López-Novoa, J. M., & López-
Hernández, F. J. (2011). An integrative overview on the mechanisms
underlying the renal tubular cytotoxicity of gentamicin. Toxicological
Sciences, 119(2), 245–256.
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