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Lycium barbarum polysaccharide (LBP) as one of the main bioactive constituents of the fruit of Lycium barbarum L. (LBL.) has
many pharmacological activities, but its antihyperglycemic activity is not fully understood yet. This study investigated the
hypoglycemic and renal protective effects of LBP on high-fat diet/streptozotocin- (HFD/STZ-) induced diabetic nephropathy
(DN) in mice. Blood glucose was assessed before and after 8-week administration of LBP, and the homeostasis model
assessment-insulin resistance (HOMA-IR) index was calculated for evaluating the antidiabetic effect of LBP. Additionally,
serum creatinine (sCr), blood urea nitrogen (BUN), and urine microalbumin were tested to evaluate the renal function. HE
and PAS stainings were performed to evaluate the morphology and injury of the kidney. The results showed that LBP
significantly reduces the glucose level and ameliorates the insulin resistance of diabetic mice. Importantly, LBP improves renal
function by lowering the levels of sCr, BUN, and microalbumin in diabetic mice and relieves the injury in the renal glomeruli
and tubules of the DN mice. Furthermore, LBP attenuates renal inflammation as evidenced by downregulating the mRNA
levels of TNFα, IL1 β, IL6, and SAA3 in the renal cortex, as well as reducing the elevated circulating level and protein
depositions of SAA3 in the kidney. In addition, our western blot results showed that NF-κB p65 nuclear translocation and the
degradation of inhibitory κB-α (IκBα) occurred during the progress of inflammation, and such activated signaling was
restrained by LBP. In conclusion, our findings suggest that LBP is a potential antidiabetic agent, which ameliorates the
inflammation in DN through inhibiting NF-κB activation.

1. Introduction

Diabetic nephropathy (DN) is one of the most common
complications of diabetes mellitus, and it develops in approx-
imately 40% of diabetic patients [1]. The established therapeu-
tic strategies may slow the progression of renal damage but
provide imperfect protection [2]. Identifying new therapeutic
targets and treatments that affect the pathogenesis of diabetic
nephropathy is of great clinical importance [3].

There has been increasing enthusiasm for using herbal
medicines as therapeutic agents for the treatment of diabetes

mellitus and its complication DN [4, 5]. LBL., a solanaceous
defoliated shrubbery, is widely distributed in arid and semi-
arid regions of northwestern China [6]. The fruit of LBL.,
called wolfberry, has been documented in several traditional
Chinese medicine (TCM) books to treat Xiaoke Bing [7, 8].
This syndrome is characterized by excessive drinking, eating,
emaciation, polyuria, or turbidity and sweetness of urine;
thus, diabetes is considered belonging to the scope of Xiaoke
Bing by TCM [9, 10]. Several Chinese proprietary medicines
(final dosage forms of traditional Chinese medicine) that
contain the fruit of LBL. have been produced and approved
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to be used in the treatment of diabetes in China, such as
Xiaoke Ling tablet, Xiaoke Ping tablet, Yangyin hypoglyce-
mic tablet, and Tangniaole capsule [11].

Lycium barbarum polysaccharide (LBP) is one of the main
bioactive constituents of LBL., and it has multiple biological
activities, such as antioxidant, hypoglycemic, hypolipidemic,
and anticancer effects, as well as hepatoprotection, immune-
modulation, and neuroprotection [12, 13]. Among them, the
hypoglycemic effect of LBP has been widely studied both in
research and clinical trials [14–16]. An increasing number of
studies have evidenced the capacity of crude or purified LBP
extracts to influence the blood glucose homeostasis and the
inflammatory status responsible for diabetic complications [17].

The pathogenesis of DN is complex, and inflammation is
an important player in the pathophysiology of DN [18–20].
The relationships between inflammation and the progres-
sion of diabetic nephropathy involve complex molecular
networks [21]. Nuclear factor-κB (NF-κB), a transcription
factor, serves as a major regulator of inflammatory factors,
leading to the overproduction of cytokines in inflammation
[22–24]. It is activated in both experimental models and
patients of DN, associating with proteinuria and renal inter-
stitial inflammatory cell infiltration [3, 21].

Serum amyloid A (SAA) is a family of acute phase-
reactants that exert numerous proinflammatory actions in
many cells and tissues including the kidney [25–27]. In mice,
SAA isoform 3 (SAA3) is primarily expressed in the kidney,
which is most comparable to the isoforms found in humans
[28]. SAA has been considered a potential biomarker and
therapeutic target of DN [29].

Here, we show the hypoglycemic and renal protective
effects of LBP in diabetic mice. LBP significantly reduces
the glucose level and insulin resistance in mice and attenu-
ates renal inflammation by suppressing NF-κB activation
and the overexpression of inflammatory cytokines and the
potential biomarker of DN, SAA3. Our findings suggest that
LBP could be an alternative therapy to prevent DN.

2. Materials and Methods

2.1. Materials. The fruit of LBL. was harvested from the coteau
of Jingyuan, Gansu Province, China. Quality control of them
was identified by Jiaxin Wu in the School of Pharmacy, Lan-
zhou University, according to the identification standard of
Pharmacopoeia of China [11]. Voucher specimens of the fruit
of LBL. were deposited at the School of Pharmacy, Lanzhou
University, for further reference. LBP was obtained from the
fruits of LBL. by the method of water extraction and ethanol
precipitation in our laboratory. Chemical analysis indicated
that LBP was composed of arabinose, galactose, glucose, galac-
turonic acid, mannose, and rhamnose at a molar ratio of
12.25 : 8.66 : 7.66 : 2.86 : 1.70 : 1.00 (Figure S1) [30].

The following reagents were employed in this study: met-
formin (Squibb & Merck Serono, China); streptozotocin
(Sigma, USA); glucose, sCr, BUN, and urine microalbumin kits
(Nanjing Jiancheng, China); mouse insulin ELISA kit (Qiaoyu
Biotechnology Co., China); SAA3 ELISA kit (J&l Biological
Co., China); total RNA extractor (Trizol) and qRT-PCR kits

(Takara, Japan); BCA/Bradford protein quantitation kit,
hematoxylin-eosin staining kit, and periodic acid-Schiff stain-
ing kit (Solarbio, China); immunohistochemistry kit (MXB
Biotechnology, China); rat anti-SAA3 (abcam, USA); rabbit
anti-NF-κB p65 and mouse anti-IκBα (Cell Signaling Tech-
nology, USA); rabbit anti-GAPDH, rabbit anti-Lamin B1,
biotin-conjugated goat anti-rat IgG, HRP-conjugated goat
anti-rabbit IgG, and HRP-conjugated goat anti-mouse IgG
(proteintech, USA); and enhanced chemiluminescence kit
(meilunbio, China).

2.2. Animals. C57BL/6 male mice (18-23 g) were purchased
from Lanzhou University. Animals were acclimatized to
the new environment for a week; then, they were fed with
a free intake of water and maintenance diets. All the animal
protocols were approved by the Animal Research Commit-
tee of Lanzhou University Second Hospital (No. D2019-
069, Lanzhou, China).

2.3. Induction of DN Mouse Model and Treatments. To eval-
uate the hypoglycemic activity of LBP, the diabetic mouse
model was established in a similar way as previously
described [5, 19, 31, 32]. Briefly, the mice were randomized
into two groups including the control group (fed with nor-
mal diet, n = 10) and the HFD group (fed with high-fat diet
from Research Diets, D12492, the formulation is showed in
Table S1). After 3 months of feeding, streptozotocin (STZ;
40, 40, 40, and 40mg/kg body weight; dissolved in 0.1M
citrate buffer (pH4.5), final volume 0.1mL/100 g body
weight) was administrated intraperitoneally to HFD mice
once every 2 days (8 days in total) to induce the diabetic
mouse model. Blood glucose was measured from tail vein
blood samples using an ACCU-CHEK Active glucometer
(Roche, Hoffmann, Germany). Animals with blood glucose >
11:1mM were considered diabetic [33–35]. Then, the diabetic
mice from the HFD group were subdivided into five groups:
diabetic group (fed with HFD and equal amount of normal
saline, oral gavage; n = 10), MET group (positive group, fed
with HFD and metformin, the effective dose of 400mg/kg
body weight assayed by preexperiment (Figure S2), dissolved
in saline, oral gavage; n = 10), and LBP groups (low: 40,
medium: 80, and high: 160mg/kg body weight, dissolved in
saline, oral gavage; n = 10 of each group, total 30). The body

Table 1: Primer sequences of genes.

Name Sequences (5′-3′)
TNFα-F(mus) CCCTTTACTCTGACCCCTTTATTGT

TNFα-R(mus) TGTCCCAGCATCTTGTGTTTCT

IL1β-F(mus) TCCAGGATGAGGACATGAGCAC

IL1β-R(mus) GAACGTCACACACCAGCAGGTTA

IL6-F(mus) CCACTTCACAAGTCGGAGGCTTA

IL6-R(mus) CCAGTTTGGTAGCATCCATCATTTC

SAA3-F(mus) GACATGTGGCGAGCCTACTCTG

SAA3-R(mus) CTCCATGTCCCGTGAACTTCTG

β-Actin-F(mus) GTGCTATGTTGCTCTAGACTTCG

β-Actin-R(mus) ATGCCACAGGATTCCATACC
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Figure 1: Continued.
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weight of the control and experimental groups was monitored
every one or two weeks during the whole process. After 8 weeks
of administration, 24h urinary samples were collected. Then,
all the mice were sacrificed after starvation overnight. Blood
and tissue samples of the kidney were collected as follows:
Leaving the blood samples undisturbed at room temperature
for 30min, the serum and plasma (heparin anticoagulant
tubes) were separated by centrifuging at 3000 rpm for 10min
at 4°C. Urine was centrifuged at 3000 rpm for 20 minutes at
4°C, and the supernatant was collected. Serum, plasma, and
urine samples were stored at -80°C until the assays were
performed using commercial kits. The longitudinal section of
the kidney was fixed in 10% neutral buffered formalin and
embedded in paraffin for histopathological examination, and
the remaining part was stored in liquid nitrogen for further
molecular assay. The procedure is summarized in Figure S3.

2.4. Biochemical Indexes. Fasting plasma blood glucose-8 weeks
(FBG-8w) was measured by a glucose diagnostic kit, and the
fasting plasma insulin level was assayed by an ELISA kit. A
homeostasis model assessment-insulin resistance (HOMA-IR)
was used to evaluate insulin resistance with the following for-
mulae: HOMA − IR = fasting plasma glucose ðmMÞ × fasting
plasma insulin ðmU/LÞ/22:5 [36]. Serum creatinine and BUN,
plasma SAA3, and urinemicroalbumin weremeasured by com-
mercial kits according to the manufacturer’s instructions.

2.5. Histopathological Examination of the Renal Tissue. Tis-
sue embedded in wax was cut into 4μm thick sections, and
the sections were put in a 55°C oven heating for 3 h. They
were routinely dewaxed to hydrate and stained with hema-
toxylin and counterstained with eosin using standard histo-
logical techniques [37]. For periodic acid-Schiff (PAS)
staining, the sections were stained with periodic acid-Schiff
using standard histological techniques [38].

2.6. Immunohistochemistry of the Kidney Tissue. The immu-
nostaining for mouse SAA3 was followed by the immuno-
histochemistry (IHC) procedures. The deparaffinized and
hydrated tissue sections were subjected to antigen retrieval
for 10 minutes at 97°C in citrate buffer (pH6.0). Kidney
sections were incubated overnight at 4°C with anti-SAA3
(1 : 50, cat No. ab231680, abcam). The primary antibody
was detected using the goat anti-rat biotinylated antibody
and visualized with 3,3′ diaminobenzidine (DAB). Sections
were counterstained with hematoxylin, and images were
captured on an Olympus microscope (BX53, Japan). SAA3
immunostaining abundance and intensity were assessed by
a blinded observer (pathologist). Scoring of glomerular and
tubulointerstitial compartments was based on staining of
the area (0, 25, 50, 75, and 100%) and intensity (0: none, 1:
light, 2: medium, and 3: dark). The immunostaining score
was a product of area and intensity scores [29].

2.7. Quantitative Real-Time Polymerase Chain Reaction (qRT-
PCR). The total RNA of the kidney cortex was extracted using
the Trizol reagent. RNA concentration and quality were
assessed using the spectrophotometers (Nanodrop 2000,
Thermo Fisher) and 1.5% agarose gel electrophoresis. Accord-
ing to the manufacturer’s instruction, reverse transcription was
performed on 700ng of total RNA using the cDNA kit. Primers
used are shown in Table 1, and qRT-PCRwas performed in the
instrument of Rotor-Gene. The thermocycling conditions were
as follows: initial denaturation at 95°C for 30 sec, 40 cycles of
annealing at 95°C for 10 sec, and extension at 60°C for 30 sec.
mRNA levels of all genes were normalized to the internal refer-
ence gene β-actin according to the 2-ΔΔCT method [39].

2.8. Western Blotting Assay.Western blotting was performed
as previously described [40]. Kidneys were homogenized in
radioimmunoprecipitation assay buffer (RIPA) and then
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Figure 1: Effects of LBP on blood glucose and insulin resistance of diabetic mice: (a) fasting glucose level before gavage, (b) fasting glucose
level after 8 weeks of treatment, (c) random glucose level before gavage, (d) random glucose level after 8 weeks of treatment, (e) fasting
insulin level after 8 weeks of treatment; (f) homeostasis model assessment-insulin resistance (HOMA-IR) index after 8 weeks of
treatment; (g) body weight monitoring. Data represent the mean ± SD (n = 6-9 mice per group). ∗Control vs. other groups, ∗p < 0:05, ∗∗p
< 0:01; #diabetic vs. other groups, #p < 0:05, ##p < 0:01; $MET vs. LBP-80, $p < 0:05, $$p < 0:01; ns means no significance.
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centrifuged at 12,000 rpm at 4°C to extract the proteins. The
nuclear and cytoplasmic proteins were separated using the
Active Motif’s Nuclear and Cytoplasm Extraction kit accord-
ing to the manufacturer’s protocol. A total of 50μg protein/lane
was loaded onto 12% SDS-PAGE and then transferred to
polyvinylidene fluoride membranes. The membranes were then
blocked for 1h at room temperature with 5% skim milk and
incubated with anti-NF-κB p65 (1 : 1000, cat. No.8242T, CST),
anti-IκBα (1 : 1000, cat No. 4814T, CST), anti-Lamin B1
(1 : 1000, cat No. 12987-1-AP, proteintech), and anti-GAPDH
(1 : 10000, cat. No. 10494-1-AP, proteintech) overnight at 4°C.
After washing with Tris-buffered saline containing Tween 20
(TBST), membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies (1 : 5000) for 1h
at room temperature. The immunoreactivity in protein bands
was visualized via enhanced chemiluminescence, and the
intensity of the bands was measured by ImageJ software. Each
experiment was performed at least in triplicate.

2.9. Statistical Analysis. All the data were expressed as the
mean ± standard deviation (SD). Statistical significance was
determined by one-way analysis of variance (one-way
ANOVA), and post hoc Tukey’s or Dunnett’s multiple com-
parisons test was used. All data were analyzed with Graph-

Pad Prism (Version 7), and the differences were considered
significant at p < 0:05.

3. Results

3.1. LBP Decreased Blood Glucose Levels of Diabetic Mice.
The diabetic mouse model was successfully established with
a fasting blood glucose level (FBG) of 11.4~23.8mM (mean,
17:4 ± 3:0mM) and random blood glucose level (RG) of
13.3~33.3mM (mean, 24:1 ± 4:8mM) after streptozotocin
injection (Figures 1(a) and 1(c)). It revealed that the 8-
week administration of LBP modulated the blood glucose
level significantly and the medium concentration (80mg/kg
body weight) showed the best effect, and the levels of FBG
and RG decreased significantly compared with the diabetic
group (FBG: 34.1%, RG: 27.3% reductions). Compared to
the MET group (FBG: 51.7%, RG: 42.6% reductions), there
was no significant difference in the random blood glucose
level but a significant difference in the fasting blood glucose
level of the LBP group (p < 0:05, Figures 1(b) and 1(d)).
Additionally, only the level of insulin in the diabetic group
(1.2-fold) was significantly higher than in the control group,
which was eliminated by LBP and MET treatment
(Figure 1(e)). All three doses of LBP significantly reduced
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Figure 2: Effects of LBP treatment on creatinine, blood urea nitrogen, and microalbumin in diabetic mice: (a) creatinine in serum; (b) urea
nitrogen in serum; (c) microalbumin (24 h) in urine. Data are expressed as the mean ± SD (n = 6-9 mice per group). ∗Control vs. other
groups, ∗p < 0:05, ∗∗p < 0:01; #diabetic vs. other groups, #p < 0:05, ##p < 0:01; $MET vs. LBP, $p < 0:05, $$p < 0:01; ns means no
significance.
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the HOMA-IR indexes compared to the diabetic group
(19.2%, 39.3%, and 31.9% reductions, respectively, p < 0:01),
while MET showed the strongest effect on relieving insulin
resistance (54.1% reduction, p < 0:01, Figure 1(f)). The high-
fat diet caused a significant increase in body weight during
the modeling period in a time-dependent manner (0-12
weeks), and it was obviously decreased under STZ-induced
diabetic conditions. The medium concentration LBP, as well
as MET administration, significantly slowed down weight loss
during the 8 weeks of gavage compared with the diabetic mice
(Figure 1(g)). Collectively, these data indicated that LBP treat-
ment significantly improves glucose metabolism disorder by
decreasing blood glucose and alleviating insulin resistance.
Among the individual doses of LBP groups, the medium one
was found to be the best effective dosage and used in further
experiments to evaluate its renal protective effect.

3.2. Effects of LBP on Renal Dysfunction of Diabetic Mice.
Serum creatinine (sCr) and blood urea nitrogen (BUN) are
important factors of renal dysfunction, and their levels can
reflect the damage degree of the glomerular filtration functions
[32]. They were increased remarkably by 1.7- and 1.3-fold,
respectively, in the diabetic group compared to those in the
control group (p < 0:01). However, treatment with LBP and
MET caused a significant reversal in these biochemical param-
eters (sCr: 32.0%, BUN: 16.1% reductions for LBP treatment;
sCr: 40.6%, BUN: 17.9% reductions for MET treatment;
Figures 2(a) and 2(b)). Albuminuria, considered the hallmark
for diabetic nephropathy [31, 41, 42], strikingly increased by
4.6-fold in diabetic mice compared to the control group. A

significant decrease of the microalbumin level was observed
after 8 weeks of LBP and MET treatments in diabetic mice
(41.7%, 57.1% reductions, respectively; Figure 2(c)).

3.3. Effects of LBP on Renal Histopathological Changes in
Diabetic Mice. HE staining showed that the control group
exhibited intact glomerular and tubular morphology,
whereas the diabetic group exhibited glomerular hypertro-
phy, enlarged glomerular capsule, edema, and vacuolar
degeneration of renal tubule accompanying with intense
inflammatory cell infiltration. In contrast to the diabetic
group, these histopathological alterations were ameliorated
both in the LBP and MET groups (Figures 3(a) and 3(b)).
The PAS staining results showed that comparing with the
control group, the thickening of glomerular basement mem-
branes and tubular atrophy was distributed throughout the
analyzed sections in the diabetic group. These changes were
eliminated after the administrations of LBP and MET, indi-
cating that they have the potential ability to protect against
diabetes-related kidney injury (Figures 3(c) and 3(d)).

3.4. The Anti-inflammatory Effects of LBP on Diabetic Mice.
Hyperglycemia leads to kidney damage associated with the
inflammation characterized by the release of multiple
inflammatory factors [43]. In our study, hyperglycemic con-
ditions resulted in significant upregulation of TNFα, IL1 β,
IL6, and SAA3 gene expressions in the kidneys cortex as
compared to the control (p < 0:01). The administration of
LBP significantly decreased all of them and downregulated
the elevated expressions of the abovementioned cytokines

(a)

(b)

(c)

(d)

Control Diabetic MET LBP

Figure 3: Histopathological changes in the kidney were analyzed through HE and PAS staining (bar = 20 μm, n = 6-9 mice per group). (a)
HE staining, (b) enlarged sections from (a), (c) representative sections of the thickening of glomerular basement membranes, and (d)
representative sections of the tubular atrophy.
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by 51.1%, 22.8%, 35.6%, and 42.4%, respectively (p < 0:05,
Figure 4(a)). Similarly, as compared to the control group,
the plasma concentration of SAA3 was remarkably elevated
to 1.3-fold and its extensive protein depositions in the tubu-

lointerstitium and glomerulus were also exhibited in the dia-
betic mice (p < 0:05). Conversely, those abnormal high levels
were obviously reduced by 20.7%, 37.3%, and 45.6%, respec-
tively, in the LBP-treated group (Figures 4(b)–4(d)).
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Figure 5: LBP inhibited NF-κB signaling pathway in DN mice. (a) The protein level of IκBα in the kidney and (b) the translocation of NF-
κB p65. Data are expressed as the mean ± SD (n = 6-9 mice per group). ∗Control vs. other groups, ∗p < 0:05, ∗∗p < 0:01; #diabetic vs. other
groups, #p < 0:05, ##p < 0:01; $MET vs. LBP, $p < 0:05, $$p < 0:01; ns means no significance.
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3.5. LBP Inhibited Inflammation through Suppressing NF-κB
Activation in DN Mice. In order to determine whether the
cytokines stimulated by hyperglycemia could activate the
NF-κB signaling pathway, the degradation of IκBα and inhi-
bition of p65 nuclear translocation in kidneys were analyzed
by the western blot assay. As shown in Figure 5, the expres-
sion of IκBα significantly decreased in the untreated diabetic
mice, which was largely restored by LBP or MET treatment.
Moreover, NF-κB p65 expression was obviously increased in
nuclear but decreased in cytoplasmic fraction in the diabetic
group, suggesting that the nuclear translocation of NF-κB
p65 occurred. As expected, LBP, as well as MET, obviously
reverted the nuclear translocation. Thus, the data suggested
that LBP played the anti-inflammatory effect via inhibiting
NF-κB activation.

4. Discussion

Antidiabetic effects of LBP were studied extensively, and the
capacity of LBP to influence blood glucose homeostasis has
been reported in a number of literatures. These beneficial effects
of LBP probably work through alleviating insulin resistance,
increasing glucose utilization by peripheral tissues, inhibiting
glucose uptake of intestines, and protecting pancreatic beta-
cell proliferation [12, 17, 44]. Our data demonstrated that
LBP obviously ameliorated glucose homeostasis and insulin
resistance of the HFD/STZ-induced diabetic mice. Addition-
ally, it exerted a renal protective effect by improving the renal
function and histological features of DN. Moreover, it down-
regulated the levels of proinflammatory cytokines in the kidney
via inhibiting NF-κB nuclear activation. All these results suggest
its therapeutic implication for preventing renal inflammation.

In previous studies, LBP reduced the levels of monocyte
chemotactic protein 1 (MCP-1), intercellular cell adhesion
molecule 1 (ICAM-1), IL2, IL6, TNFα, and interferon α
(IFNα) by restraining the expression of NF-κB p65 in the
kidney cortex or inhibiting NF-κB p65 phosphorylation in
diabetic rabbit and rat models [45, 46]. Our study character-
ized NF-κB p65 activation by its translocation from the
cytoplasm into the nucleus in HFD/STZ-induced diabetic
mice. NF-κB contains a nuclear localization signal (NLS),
which is masked by IκB in unstimulated cells. Upon cell acti-
vation, IκB is phosphorylated and degraded, and the NLS is
unmasked, leading to the nuclear transport of NF-κB. The
translocation in the nucleus is thought to contribute to the
inflammatory gene expressions [47, 48]. The levels of inflam-
matory factors such as IL2, IL6, TNFα, IFNγ, MCP-1,
ICAM-1, vascular adhesion molecule 1 (VCAM-1), and toll-
like receptor 4 (TLR-4) are reported to be downregulated by
the inhibition of NF-κB p65 nuclear translocation [23, 49].
In the present study, LBP significantly inhibited the transloca-
tion of NF-κB p65 from the cytoplasm into the nucleus and
reduced the circulating SAA3 and the expressions of TNFα,
IL6, IL1 β, and SAA3 in the kidney of DN mice.

SAA plays a biologically mechanistic role in DN by
triggering proinflammatory cascades through the activation
of transcription factors such as NF-κB [29]. Previous studies
have reported that high circulating concentration and great
amount of SAA in the kidney were found both in the

patients with DN and the corresponding mouse models,
and its protein deposition was present both in tubulointer-
stitium and glomerulus [29, 50]. In order to well elucidate
the anti-inflammatory effect of LBP on DN, we highlighted
its effect on SAA3. Based on our data, LBP decreased the ele-
vated circulating SAA3 and reduced its protein deposition
both in tubulointerstitium and glomerulus of DN mice.
Future studies using human DN samples will further verify
the correlation between SAA deposition and kidney injury.

It has been mentioned that LBP-1, LBP-2, LBP-3, LBP-4,
and LBP-5 fractions were purified from the crude LBP, and
the structure features were investigated in our recent study
[51]. In order to find out which fraction of LBP is mainly
responsible for preventing DN and the detailed mechanism
of it, purified LBP will be used in future research, expecting
to provide more scientific data on its pharmacological activity.

5. Conclusion

In conclusion, the evidence for the antidiabetic and renal
protective effects of LBP was demonstrated in the present
study. It significantly reduced the blood glucose level and
ameliorated the insulin resistance of HFD/STZ-induced dia-
betic mice. Renal dysfunction and injury were also relieved
by the supplement of LBP, as it was able to reduce the abnor-
mally elevated serum creatinine, blood urea nitrogen, and
urine microalbumin levels. Additionally, it ameliorated the
histopathological changes of the renal glomeruli and tubules,
which are associated with renal dysfunction and the bio-
chemical indicators mentioned above. We also showed that
LBP downregulated proinflammatory cytokines (TNFα, IL1
β, IL6, and SAA3) and inhibited NF-κB p65 activation,
which demonstrated its anti-inflammatory activity. Thus,
our findings suggest that LBP can be used as an antidiabetic
and anti-inflammatory agent to treat diabetic nephropathy.

Abbreviations

LBP: Lycium barbarum polysaccharides
DN: Diabetic nephropathy
HOMA-IR: Homeostasis model assessment-insulin resistance
sCr: Serum creatinine
BUN: Blood urea nitrogen
HE: Hematoxylin and eosin
PAS: Periodic acid-Schiff
SAA3: Serum amyloid A3
TNFα: Tumor necrosis factor α
IL1 β: Interleukin 1 β
IL6: Interleukin 6.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

9Analytical Cellular Pathology



Authors’ Contributions

The main experiments and drafting the manuscript were
performed by Fengqi Wan. Fulin Ma and Minxue Chen
made their contribution to the animal experiments. LBP
used in this study was extracted and purified by Jiaxin Wu.
Xinyu Qiao did parts of the molecular biological experi-
ments. Liang Ma and Wenjian Li guided the overall content.

Acknowledgments

We thank Professor Jing Yang (Cuiying Biomedical
Research Center of Lanzhou University Second Hospital)
and Professor Dejuan Zhi (School of Pharmacy of Lanzhou
University) for their helpful comments on the manuscript
and linguistic assistance. This work was supported by the
project of Gansu Province Science and Technology
(18JR3RA333), Gansu Province Education Program
(2019B-020), Cuiying Scientific and Technological Innova-
tion Program of Lanzhou University Second Hospital
(CY2018-QN10), and Cuiying Scientific Training Program
for undergraduates of Lanzhou University Second Hospital
(CYXZ-05).

Supplementary Materials

Figure S1: HPLC chromatograms of monosaccharide
composition of Lycium barbarum polysaccharide (LBP) (1:
mannose, 2: rhamnose, 3: galacturonic acid, 4: glucose, 5:
galactose, and 6: arabinose). PMP (1-phenyl-3-methyl-5-
pyrazolone) derivatives of six standard monosaccharides
(a) and component monosaccharide in LBP (b). Figure S2:
dose-response of metformin on the blood glucose of diabetic
mice. (a) fasting blood glucose level after 4 weeks of
treatment; (b) random blood glucose level after 4 weeks of
treatment. Data represent the mean ± SD (n = 6-9 mice per
group). ∗Control vs. other groups, ∗p < 0:05, ∗∗p < 0:01;
#diabetic vs. other groups, #p < 0:05, ##p < 0:01; $MET
(400mg/kg body weight) vs. MET (100, 200mg/kg body
weight), $p < 0:05, $$p < 0:01. Figure S3: the schematic rep-
resentation of the experimental procedure. Table S1: the for-
mulation of the high-fat diet. (Supplementary Materials)

References

[1] R. Z. Alicic, M. T. Rooney, and K. R. Tuttle, “Diabetic kidney
disease: challenges, progress, and possibilities,” Clinical Jour-
nal of the American Society of Nephrology, vol. 12, no. 12,
pp. 2032–2045, 2017.

[2] Y. Cao, S. Zou, H. Xu et al., “Hypoglycemic activity of the
Baker's yeast β-glucan in obese/type 2 diabetic mice and the
underlying mechanism,” Molecular Nutrition and Food
Research, vol. 60, no. 12, pp. 2678–2690, 2016.

[3] J. A. Moreno, C. Gomez-Guerrero, S. Mas et al., “Targeting
inflammation in diabetic nephropathy: a tale of hope,” Expert
Opinion on Investigational Drugs, vol. 27, no. 11, pp. 917–
930, 2018.

[4] L. Xu, Y. Li, Y. Dai, and J. Peng, “Natural products for the
treatment of type 2 diabetes mellitus: pharmacology and

mechanisms,” Pharmacological Research, vol. 130, pp. 451–
465, 2018.

[5] X. Deng, L. Sun, X. Lai et al., “Tea polypeptide ameliorates dia-
betic nephropathy through RAGE and NF-κB signaling path-
way in type 2 diabetes mice,” Journal of Agricultural and
Food Chemistry, vol. 66, no. 45, pp. 11957–11967, 2018.

[6] J. Zhu,W. Liu, J. Yu et al., “Characterization and hypoglycemic
effect of a polysaccharide extracted from the fruit of Lycium
barbarum L,” Carbohydrate Polymers, vol. 98, no. 1, pp. 8–
16, 2013.

[7] G. T. Chen, Compendium of Materia Medica (Translation),
vol. 36, Ancient Chinese Medical Book Press, Beijing, first ed.
edition, 1994.

[8] J. W. Li, Y. A. Yu, J. F. Cai, and Z. B. Zhang, Dictionary of Chi-
nese Medicine, People’s Medical Publishing House, Beijing,
Second ed. edition, 2005.

[9] X. Sun, B. Zhang, S. Wang, S. Liu, and Q. Zhou, “Analysis of
the rule of TCM compatibility in TCM prescriptions contain-
ing Ginseng radix ET rhizoma in ancient books for Xiaoke
Bing,” Evidence-based Complementary and Alternative Medi-
cine, vol. 2020, Article ID 9472304, 7 pages, 2020.

[10] L. Ji, X. Tong, H. Wang et al., “Efficacy and safety of traditional
Chinese medicine for diabetes: a double-blind, randomised,
controlled trial,” PLoS One, vol. 8, no. 2, article e56703, 2013.

[11] C. P. Commission, Pharmacopoeia of the People's Republic of
China, China Pharmaceutical Technology Press, Beijing, 2020.

[12] S. S. Kwok, Y. Bu, A. C. Lo et al., “A systematic review of poten-
tial therapeutic use of Lycium barbarum polysaccharides in
disease,” BioMed Research International, vol. 2019, Article ID
4615745, 18 pages, 2019.

[13] Y. Lakshmanan, F. S. Y. Wong, B. Zuo, K. F. So, B. V. Bui, and
H. H. L. Chan, “Posttreatment intervention With Lycium Bar-
barumPolysaccharides is neuroprotective in a rat model of
chronic ocular hypertension,” Investigative ophthalmology
and visual science, vol. 60, no. 14, pp. 4606–4618, 2019.

[14] H. Cai, F. Liu, P. Zuo et al., “Practical application of antidia-
betic efficacy of Lycium barbarum Polysaccharide in patients
with type 2 diabetes,” Medicinal Chemistry, vol. 11, no. 4,
pp. 383–390, 2015.

[15] H. Xia, H. Tang, F. Wang et al., “An untargeted metabolomics
approach reveals further insights of Lycium barbarum poly-
saccharides in high fat diet and streptozotocin-induced dia-
betic rats,” Food Research International, vol. 116, pp. 20–29,
2019.

[16] H. L. Tang, C. Chen, S. K. Wang, and G. J. Sun, “Biochemical
analysis and hypoglycemic activity of a polysaccharide isolated
from the fruit of Lycium barbarum L,” International Journal of
Biological Macromolecules, vol. 77, pp. 235–242, 2015.

[17] A. Masci, S. Carradori, M. A. Casadei et al., “Lycium bar-
barum polysaccharides: Extraction, purification, structural
characterisation and evidence about hypoglycaemic and
hypolipidaemic effects. A review,” Food chemistry, vol. 254,
pp. 377–389, 2018.

[18] Y. C. Lin, Y. H. Chang, S. Y. Yang, K. D. Wu, and T. S. Chu,
“Update of pathophysiology and management of diabetic kid-
ney disease,” Journal of the Formosan Medical Association,
vol. 117, no. 8, pp. 662–675, 2018.

[19] Z. Gao, D. Kong, W. Cai, J. Zhang, and L. Jia, “Characteriza-
tion and anti-diabetic nephropathic ability of mycelium poly-
saccharides from Coprinus comatus,” Carbohydrate Polymers,
vol. 251, article 117081, 2021.

10 Analytical Cellular Pathology

https://downloads.hindawi.com/journals/acp/2022/7847135.f1.docx


[20] X. Wang, D. Li, L. Fan, Q. Xiao, H. Zuo, and Z. Li, “CAPE-
pNO2 ameliorated diabetic nephropathy through regulating
the Akt/NF-κB/ iNOS pathway in STZ-induced diabetic
mice,” Oncotarget, vol. 8, no. 70, pp. 114506–114525, 2017.

[21] J. F. Navarro-González, C. Mora-Fernández, M.M. de Fuentes,
and J. García-Pérez, “Inflammatory molecules and pathways in
the pathogenesis of diabetic nephropathy,” Nature Reviews.
Nephrology, vol. 7, no. 6, pp. 327–340, 2011.

[22] A. B. Sanz, M. D. Sanchez-Nino, A. M. Ramos et al., “NF-κB in
renal inflammation,” J Am Soc Nephrol, vol. 21, no. 8,
pp. 1254–1262, 2010.

[23] G. Song, Y. Zhang, S. Yu et al., “Chrysophanol attenuates air-
way inflammation and remodeling through nuclear factor-
kappa B signaling pathway in asthma,” Phytotherapy Research,
vol. 33, no. 10, pp. 2702–2713, 2019.

[24] B. Hoesel and J. A. Schmid, “The complexity of NF-κB signal-
ing in inflammation and cancer,” Molecular Cancer, vol. 12,
no. 1, p. 86, 2013.

[25] R. L. Meek, R. C. LeBoeuf, S. A. Saha et al., “Glomerular cell
death and inflammation with high-protein diet and diabetes,”
Nephrology, Dialysis, Transplantation, vol. 28, no. 7, pp. 1711–
1720, 2013.

[26] R. Thaler, I. Sturmlechner, S. Spitzer et al., “Acute-phase pro-
tein serum amyloid A3 is a novel paracrine coupling factor that
controls bone homeostasis,” The FASEB Journal, vol. 29, no. 4,
pp. 1344–1359, 2015.

[27] L. J. den Hartigh, S. Wang, L. Goodspeed et al., “Deletion of
serum amyloid A3 improves high fat high sucrose diet-
induced adipose tissue inflammation and hyperlipidemia in
female mice,” PLoS One, vol. 9, no. 9, article e108564, 2014.

[28] B. P. Dieter, R. L. Meek, R. J. Anderberg et al., “Serum amyloid
A and Janus kinase 2 in a mouse model of diabetic kidney dis-
ease,” PLoS One, vol. 14, no. 2, article e0211555, 2019.

[29] R. J. Anderberg, R. L. Meek, K. L. Hudkins et al., “Serum amyloid
A and inflammation in diabetic kidney disease and podocytes,”
Laboratory Investigation, vol. 95, no. 3, pp. 250–262, 2015.

[30] J. Wu, T. Chen, L. Ma, W. Li, and F. Wan, “Optimization of
extraction technology and chromatographic analysis of mono-
saccharides composition of Lycium barbarum polysaccha-
rides,” Western Traditional Chinese Medicine, vol. 34, no. 4,
pp. 44–49, 2021.

[31] E. Seo, H. Kang, Y. S. Oh, and H.-S. Jun, “Psoralea corylifolia L.
seed extract attenuates diabetic nephropathy by inhibiting
renal fibrosis and apoptosis in streptozotocin-induced diabetic
mice,” Nutrients, vol. 9, no. 8, p. 828, 2017.

[32] T. Jiang, L. Wang, A. Ma et al., “The hypoglycemic and renal
protective effects of Grifola frondosa polysaccharides in early
diabetic nephropathy,” Journal of Food Biochemistry, vol. 44,
no. 12, article e13515, 2020.

[33] J. Wang, Y. Huang, K. Li et al., “Leaf extract from Lithocarpus
polystachyus Rehd. promote glycogen synthesis in T2DM
mice,” PLoS One, vol. 11, no. 11, article e0166557, 2016.

[34] Q. Yuan, B. Zhan, R. Chang, M. Du, and X. Mao, “Antidiabetic
effect of casein glycomacropeptide hydrolysates on high-fat
diet and STZ-induced diabetic mice via regulating insulin sig-
naling in skeletal muscle and modulating gut microbiota,”
Nutrients, vol. 12, no. 1, p. 220, 2020.

[35] Y. Mori, A. K. Ajay, J. H. Chang et al., “KIM-1 mediates fatty
acid uptake by renal tubular cells to promote progressive dia-
betic kidney disease,” Cell Metabolism, vol. 33, no. 5,
pp. 1042–1061.e7, 2021.

[36] D. R. Matthews, J. P. Hosker, A. S. Rudenski, B. A. Naylor,
D. F. Treacher, and R. C. Turner, “Homeostasis model assess-
ment: insulin resistance and β-cell function from fasting
plasma glucose and insulin concentrations in man,”Diabetolo-
gia, vol. 28, no. 7, pp. 412–419, 1985.

[37] J. Wang, X. H. Zhang, X. Xu et al., “Pro-angiogenic activity of
Tongnao decoction on HUVECs in vitro and zebrafish in vivo,”
Journal of Ethnopharmacology, vol. 254, article 112737, 2020.

[38] W. Song, L. Wei, Y. Du, Y. Wang, and S. Jiang, “Protective
effect of ginsenoside metabolite compound K against diabetic
nephropathy by inhibiting NLRP3 inflammasome activation
and NF-κB/p38 signaling pathway in high-fat diet/streptozot-
ocin-induced diabetic mice,” International Immunopharma-
cology, vol. 63, pp. 227–238, 2018.

[39] K. J. Livak and T. D. Schmittgen, “Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) Method,” Methods, vol. 25, no. 4,
pp. 402–408, 2001.

[40] Q. Ni, F. Q. Wan, Y. H. Jing, X. Y. Dong, and Y. C. Zhang,
“Effect of acute and chronic exposure to high altitude on the
aerobic and anaerobic metabolism in rats,” Analytical Cellular
Pathology (Amsterdam), vol. 2015, article 159549, 2015.

[41] L. Gnudi and D. A. Long, “Diabetic nephropathy: methods and
protocols,” in Diabetic Nephropathy: An Overview, M. K.
Sagoo and L. Gnudi, Eds., pp. 3–7, Humana, New York, 2020.

[42] N. M. Selby and M. W. Taal, “An updated overview of diabetic
nephropathy: diagnosis, prognosis, treatment goals and latest
guidelines,” Diabetes, Obesity and Metabolism, vol. 22,
no. S1, pp. 3–15, 2020.

[43] H. Q.Wang, S. S. Wang, K. Chiufai, Q.Wang, and X. L. Cheng,
“Umbelliferone ameliorates renal function in diabetic
nephropathy rats through regulating inflammation and TLR/
NF-κB pathway,” Chinese journal of natural medicines,
vol. 17, no. 5, pp. 346–0354, 2019.

[44] M. Jin, Q. Huang, K. Zhao, and P. Shang, “Biological activities
and potential health benefit effects of polysaccharides isolated
from Lycium barbarum L,” International Journal of Biological
Macromolecules, vol. 54, pp. 16–23, 2013.

[45] Q. Zhao, J. Li, J. Yan et al., “Lycium barbarum polysaccharides
ameliorates renal injury and inflammatory reaction in alloxan-
induced diabetic nephropathy rabbits,” Life Sciences, vol. 157,
pp. 82–90, 2016.

[46] M. Du, X. Hu, L. Kou, B. Zhang, and C. Zhang, “Lycium bar-
barum polysaccharide mediated the antidiabetic and antine-
phritic effects in diet-streptozotocin-induced diabetic Sprague
Dawley rats via regulation of NF-κB,” BioMed Research Interna-
tional, vol. 2016, 2016.

[47] G. H. Wabnitz, H. Kirchgessner, B. Jahraus, L. Umansky,
S. Shenolikar, and Y. Samstag, “Protein phosphatase 1α and
cofilin regulate nuclear translocation of NF-κB and promote
expression of the anti-inflammatory cytokine interleukin-10
by T cells,” Molecular and Cellular Biology, vol. 38, no. 22,
pp. e00041–e00118, 2018.

[48] J. Sakai, E. Cammarota, J. A. Wright et al., “Lipopolysaccha-
ride-induced NF-κB nuclear translocation is primarily depen-
dent on MyD88, but TNFα expression requires TRIF and
MyD88,” Scientific Reports, vol. 7, no. 1, p. 1428, 2017.

[49] Q. Liu, Q. Han, M. Lu, H. Wang, and F. Tang, “Lycium bar-
barum polysaccharide attenuates cardiac hypertrophy, inhibits
calpain-1 expression and inhibits NF-κB activation in
streptozotocin-induced diabetic rats,” Experimental and Ther-
apeutic Medicine, vol. 18, no. 1, pp. 509–516, 2019.

11Analytical Cellular Pathology



[50] B. P. Dieter, S. M. McPherson, M. Afkarian et al., “Serum amy-
loid a and risk of death and end-stage renal disease in diabetic
kidney disease,” Journal of Diabetes and its Complications,
vol. 30, no. 8, pp. 1467–1472, 2016.

[51] J. Wu, T. Chen, F. Wan et al., “Structural characterization of a
polysaccharide from Lycium barbarum and its neuroprotective
effect against β-amyloid peptide neurotoxicity,” International
Journal of Biological Macromolecules, vol. 176, pp. 352–363, 2021.

12 Analytical Cellular Pathology


	Effect of Lycium barbarum Polysaccharide on Decreasing Serum Amyloid A3 Expression through Inhibiting NF-κB Activation in a Mouse Model of Diabetic Nephropathy
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Animals
	2.3. Induction of DN Mouse Model and Treatments
	2.4. Biochemical Indexes
	2.5. Histopathological Examination of the Renal Tissue
	2.6. Immunohistochemistry of the Kidney Tissue
	2.7. Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	2.8. Western Blotting Assay
	2.9. Statistical Analysis

	3. Results
	3.1. LBP Decreased Blood Glucose Levels of Diabetic Mice
	3.2. Effects of LBP on Renal Dysfunction of Diabetic Mice
	3.3. Effects of LBP on Renal Histopathological Changes in Diabetic Mice
	3.4. The Anti-inflammatory Effects of LBP on Diabetic Mice
	3.5. LBP Inhibited Inflammation through Suppressing NF-κB Activation in DN Mice

	4. Discussion
	5. Conclusion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

