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Protective effects of Lycium barbarum polysaccharide
(LBP) on rats with renal ischemia-reperfusion injury (IRI)
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Abstract: Renal ischemia-reperfusion injury (RIRI) is a common issue in clinics. Previous studies showed multiple
pharmaceutical roles of Lycium barbarum polysaccharides (LBP); however very few studies focused on its preven-
tive function on RIRI. This study thus investigated the effect of LBP on renal functions in rat RIRI models and the
protective mechanisms. SD rats were randomly assigned into three groups: sham group, ischemia-reperfusion (IR)
group and IR + LBP group. Serum urea and blood creatine levels were analyzed, along with superoxide dismutase
(SOD) and malondialdehyde (MDA) quantification. Real-time PCR and Western blot were employed to determine
mRNA and protein expression of rat Bcl-2 and Bax. Enzyme linked immunosorbent assay (ELISA) was used to mea-
sure the expression of tumor necrosis factor-alpha (TNF-&) and interleukin-1 beta (IL-1f) in rat serum. IR rats had
significantly elevated serum urea and creatine levels, along with decreased SOD or MDA contents. IR rats also
showed decreased mRNA and protein expression of Bcl-2 yet increased Bax expression, plus enhanced secretion
of TNF-a and IL-1p (P < 0.05 compared to sham group). LBP treatment decreased serum urea or creatine levels in
IR rat, enhanced SOD activity, decreased MDA content, increased mRNA or protein level of Bcl-2 but decreased Bax
expression, and suppressed the secretion of TNF-a and IL-1 (P < 0.05 compared to IR group). In summary, LBP can
exert protective effects on RIRI via improving oxidative stress (0S), suppressing apoptosis, and decreasing secretion
and inflammatory cytokines.
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ing of mitochondria, deformation, decreased
ridges with disrupted regulation, or even mito-
chondrial collapse and vacuole formation, all of
which mostly attack renal tubules and may
underlie acute renal failure [6, 7]. Therefore,
RIRI has become the critical factor that poten-
tially could cause acute renal failure, and fur-
ther impact on acute and chronic rejection
phase of kidney transplantation and the long-
term survival of the disease [8, 9]. Conse-
quentially, the alleviation of RIRI-induced renal
damage and facilitation of kidney function
recovery are both crucial in clinical treatment
[10]. As enhanced oxygen free radical products
by IR can eventually lead to cell apoptosis and

Introduction

Ischemia reperfusion injury (IRl) refers to the
tissue damage caused by ischemia followed by
blood reperfusion, leading to the production of
large amounts of free radicals [1]. Kidney is one
prominent organ with hyper-perfusion and is
thus sensitive to hypoxia and ischemia, leading
to high incidence of renal ischemia reperfusion
ischemia (RIRI), which can occur during trau-
matic shock, surgical operation and organ tr-
ansplantation [2, 3]. During RIRI progression, it
is commonly observed in clinics that aggres-
siveness damage of renal structure and func-
tion can cause multi-organ failure, acute vascu-
lar dysfunction, and in some cases, death [4,

5]. RIRI significantly increases serum creatine
level, indicating severe renal dysfunction. Pa-
thological examination reveals prominent swell-

necrosis, increased oxidative stress (0OS) and
weakened anti-oxidation balance are important
regulatory mechanism of RIRI [11, 12].
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Lycium barbarum polysaccharides (LBP) is a
major active ingredient in wolfberry and is one
group of polysaccharides composed of six mo-
nosaccharides including glucose and galactose
[13]. Previous studies have confirmed that LBP
could protect neurons post hypoxic damage.
More studies have demonstrated multiple ph-
armaceutical roles of LBP [14, 15]. However,
whether it can prevent or treat RIRI has not
been clearly illustrated yet. This study thus
aimed to investigate the effect of LBP on renal
functions in rat model of RIRI and underlying
protective mechanisms.

Materials and methods
Experimental animals

A total of 45 healthy Wistar rats (2 months old,
SPF grade, body weight 250 + 20 g) were pur-
chased from laboratory animal center of Hebei
Medical University and were kept in an SPF
grade animal facility. All animal experiments fol-
lowed approved protocol and were performed
by experienced technicians to minimize animal
pain. The ethical committee of Affiliated Hospi-
tal of Hebei Engineering University has app-
roved this study.

Major reagent and equipment

LBP was purchased from Kangpu Biotech
(China). Rabbit anti-mouse Bcl-2 and Bax mono-
clonal antibody and goat anti-rabbit horserad-
ish peroxidase (HRP) conjugated IgG secondary
antibody were purchased from CST (US). ELISA
kit for TNF-a« and IL-1B was purchased from
R&D (US). RNA extraction kit and reverse tran-
scription kit were purchased from Axygen (US).
SOD assay kit and MDA quantification kit were
purchased from Jiancheng Bio (China). Other
common reagents were purchased from San-
gon (China). Model 7700 Fast fluorescent quan-
titative PCR cycler was purchased from ABI
(US). Labsystem Version 1.3.1 microplate read-
er was purchased from Bio-rad (US). Surgical
instrument was purchased from Suzhou Me-
dicial Instrument (China). Cold centrifuge was
purchased from Sigma (Germany). JY92-IIDN
ultrasonic rupture was purchased from Fanqi
Instrument (China).

Grouping and processing of rats

Those Wistar rats purchased for the study were
randomly assigned into three groups: sham
group, i.e., received surgery to expose renal tis-
sues without RIRI treatment; IR group, i.e.,
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received bilateral ischemia treatment of renal
tissues for 45 min followed by 24 h reperfusion;
and IR + LBP group, i.e., received LBP (10 mg/
kg via gavage for 7 days) on RIRI model [16].

Rat RIRI model preparation

Based on previous literatures [17], rats were
anesthetized by 1% pentobarbital, and were
fixed on the operation table with a supine posi-
tion. A midline incision was made to open the
abdominal cavity for renal tissues exposure.
Bilateral renal arteries were freed on proximal
end and were clapped by non-invasive arterial
clap. After clapping, the change of renal artery
was observed for the purpose of recording arte-
rial pulsation and tissue color. The weakened
pulsation of artery and whitening of renal tis-
sues indicated successful generation of RI
model. 45 min after arterial clapping and detec-
tion of RI, the renal tissue was returned to the
abdominal cavity before suturing the incision.
After 45 min maintenance of RI, the midline
incision was re-opened to expose the renal cav-
ity. The arterial clap was relieved for preparing
reperfusion model. Post re-opening, the red-
dish color change of renal tissues from gray
white indicated successful reperfusion.

Sample collection and processing

A cardiac puncture was performed to collect
blood samples using a negative pressurized
tube. Blood samples were centrifuged at 3600
rom for 10 min at 4°C. The supernatant was
saved at -80°C storage. Renal tissues were
repeatedly rinsed by sterilized saline to remove
residual blood and were kept in liquid nitrogen.

Kidney function analysis

Rat serum urea and blood creatine levels were
quantified as previously described [17].

Real-time PCR for renal expression of Bcl-2
and Bax mRNA

Under sterile conditions, RNA was extracted
from renal tissues using Trizol reagent. Prime-
rs were designed and synthesized by Gimma
Gene (China). cDNA was synthesized based on
relevant primers (Table 1). Quantitative analy-
sis was performed by 2 approach.

Western blot for Bel-2 and Bax protein expres-
sion in renal kidney tissues

Total proteins were extracted from renal tis-
sues on ice. Primary antibody (1:1000 diluted
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Table 1. Primer synthesis sequence

ELISA for rat serum inflamma-

tory factor expression

Gene Forward primer 5’-3’ Reverse primer 5’-3’
GADPH AGTGCCAGCCTCGTCTCATAG  CGTTGAACTTGCCGTGGGTAG

All samples were measured for
Bcl-2 ACCATCAGCCTCAACAC TCTCCCCACTTCCGTGGG serum levels of inflammatory
Bax AGGCTACCATAACACTGATGG GGTTCCCCTCACATGCGTA

factor TNF-a and IL-1B, using
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Figure 1. Protective effects of LBP on RIRI rats. A. Serum urea level; B.
Serum creatine level. *, P < 0.05 compared to sham group; #, P < 0.05

compared to IR group.
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Figure 2. Effects of LBP on oxidative stress indexes of RIRI rats. A. SOD
activity; B. MDA content. *, P < 0.05 compared to sham group; #, P < 0.05

compared to IR group.
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Figure 3. Effects of LBP on serum inflammatory cy-
tokines in RIRI rats. *, P < 0.05 compared to sham
group; #, P < 0.05 compared to IR group.

Bcl-2 and 1:1500 diluted Bax) was added for
incubation, followed by incubation with 1:2000
goat anti-rabbit secondary antibody. Images
were analyzed for band density.

12188

IR group

IR group

ELISA kit as per the manual
instruction of test kit.

Assay for oxidative stress in-
dex

According to the instruction of
test kit, SOD content assay kit,
GSH quantification kit and
MDA assay kit were used for
measuring SOD activity, GSH
content and MDA concentra-
tion, respectively.

IR+LBP group

Statistical processing

SPSS 16.0 statistical software

was used for data analysis.
wit Measurement data were pre-
sented as mean * standard
deviation (SD). The comparison
of means among multiple gro-
ups was employed using one-
way analysis of variance (AN-
OVA). A statistical significance
was defined when P < 0.05.

IR+LBP group

Results

Protective effects of LBP on Rl rats

The study firstly focused on analyzing the pro-
tective effect of LBP on RIRI rats. Results
showed that RI rat model had significantly
enhanced serum urea and creatine levels (P <
0.05 compared to sham rats). LBP treatment
significantly decreased serum urea or creatine
levels in Rl rats (P < 0.05 compared to model
group, Figure 1).

Effects of LBP on oxidative stress indexes of
RIRI rats

We further analyzed the effect of LBP on oxida-
tive stress indexes of RIRI rats. Results showed
that I/R rats had decreased SOD activity and
enhanced MDA content (P < 0.05 compared
to sham group). LBP treatment effectively in-
creased SOD activity and decreased MDA con-

IntJ Clin Exp Med 2019;12(10):12186-12191



Relative mRNA expression of Bcl2 2>

Relative protein expression of Bcl-2 O

Relative mRNA expression of Bax 2>

N

o
@

o
@

o
=

o
~

o

sham group

sham group

sham group

IR group

IR group

IR group

IR+LBP group

IR+LBP group

IR+LBP group

LBP protects rats from renal IRI

sham group IR group

Bel-2 - o e

Practn

IR+LBP group

Figure 4. Effects of LBP on Bcl-2
expression in RIRI rats. A. mRNA ex-
pression analysis of Bcl-2; B. West-
ern blot for analyzing Bcl-2 protein
expression; C. Statistical analysis
for Bcl-2 protein expression. *, P <
0.05 compared to sham group; #, P
< 0.05 compared to IR group.
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Figure 5. Effects of LBP on Bax ex-
pression in RIRI rats. A. Bax mRNA
expression analysis; B. Western blot
for Bax protein expression; C. Bax
protein expression analysis. *, P <
0.05 compared to sham group; #, P
< 0.05 compared to IR group.

that I/R model rats had signifi-
cantly decreased mRNA or
protein levels of Bcl-2 in renal
tissues (P < 0.05 compared to
sham group). LBP treatment
significantly enhanced renal
expression of Bcl-2 mRNA or
protein expression (P < 0.05
compared to IR group, Figure
4).

Effects of LBP on Bax expres-
sion in RIRI rats

We used real-time PCR and
Western blot to analyze the
effect of LBP on Bax mRNA or
protein expression in RIRI ra-
ts. Results showed that I/R
rats had significantly enhan-
ced Bax mRNA or protein
expression (P < 0.05 compa-
red to sham group). LBP treat-
ment remarkably decreased
MRNA or protein expression of
Bax in renal tissues (P < 0.05
compared to IR group, Figure
5).

Discussion

Relative protein expression of Bax (9

sham group IR group IR+LBP group

tentin RIRI rats (P < 0.05 compared to IR group,
Figure 2).

Effects of LBP on serum inflammatory cyto-
kines in RIRI rats

ELISA was employed to analyze the effect of
LBP on serum inflammatory factors of RIRI rats.
Results showed that I/R rats had enhanced
secretion of serum inflammatory cytokines
TNF-a and IL-1B (P < 0.05 compared to sham
group). LBP treatment remarkably inhibited se-
cretion of serum inflammatory cytokines TNF-a
and IL-1B (P < 0.05 compared to IR group,
Figure 3).

Effects of LBP on Bcl-2 or RIRI rats

Real-time PCR and Western blot were used to
analyze the effect of LBP on mRNA and protein
expression of Bcl-2 in RIRI rats. Results showed
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Serum urea and creatine lev-

els are important indexes re-

flecting kidney functions [18].
This study thus prepared rat RIRI model accord-
ingly and measured serum urea and creatine
levels. Results showed significantly elevated
levels of urea and creatine in RIRI model.
Natural extract compounds LBP has fruitful bio-
activities yet minimal teratogenic or carcino-
genic effects. LBP can also facilitate glucose
oxidation in lymphocytes, accelerate tricarbox-
ylic acid cycle and protect DNA damage, thus
has been widely used in clinics [19]. LBP has
been demonstrated to have satisfactory effi-
ciency in treating tumor, diabetes, protecting
neurons and preventing cell apoptosis [20, 21].
This study utilized LBP to study its effect on rat
RIRI, and results showed that LBP significantly
decreased serum urea and creatine levels, indi-
cating protective role of LBP on RIRI rats.

Pathological process of RIRI involves multiple
factors e.g. polymorphonuclear leukocyte, in-
flammatory cytokines, reactive oxygen species
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(ROS), nitric oxide (NO), and complement acti-
vation. Nonetheless, imbalance of oxidation-
reduction process at cellular level is the prima-
ry cause for RIRI pathology [22]. This study
thus further investigated protective role and
mechanism of LBP on RIRI rats. Results showed
that LBP can exert protective roles via enhanc-
ing SOD activity, decreasing MDA content, and
regulating oxidation-reduction balance. Enhan-
ced SOD in endogenous anti-oxidation system
and decreased MDA levels can benefit the
clearance of ROS and help to maintain balance
of body oxidation-reduction system [23]. The
increase of free radicals such as ROS can lead
to enhanced secretion of inflammatory cyto-
kines, imbalance of cell apoptosis/anti-apopto-
sis, and potentiated cell apoptosis [24]. Bcl-2/
Bax is the critical anti-apoptotic/apoptotic pro-
tein modulating cell apoptosis pathway [25].
This study demonstrated decreased Bcl-2
MRNA/protein expression in RIRI model rats,
which also had increased Bax mRNA/protein
expression, plus potentiated secretion of TNF-a
and IL-1B3. LBP treatment enhanced Bcl-2
MRNA and protein expression, decreased Bax
MRNA or protein expression, and suppressed
TNF-a and IL-1B secretion. These studies sug-
gested that LBP can retard IR progression via
modulating oxidative stress homeostasis dur-
ing RIRI process, further leading to decreased
TNF-a and IL-13 secretion, modulating anti-
apoptosis/apoptosis balance. Further studies
can be performed to investigate the protective
effect of LBP on human RIRI, as well as related
mechanisms, in order to provide relevant evi-
dence for clinical application.

Conclusion

LBP can exert protective effects against RIRI in
rats by improving oxidative stress, inhibiting
apoptosis and decreasing secretion of inflam-
matory cytokines.
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