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Ursolic acid alleviates inflammation and against diabetes-induced
nephropathy through TLR4-mediated inflammatory pathway
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Abstract. Ursolic acid (UA) is a triterpenoid isolated from
Chinese herbal medicine. It is extensively distributed in
the plant kingdom in at least 63 Chinese herbal medicines
of 26 families. UA has multiple bioactivities, including
anti-viral hepatitis, antitumor, anti-oxidation, anti-bacterium
and anti-inflammation. The aim of this in vitro study was to
examine the effects of UA on diabetes-induced nephropathy
and its possible mechanism. In mice with diabetes-induced
nephropathy, UA increased the body weight, reduced kidney/
body weight index, protected kidney cells, alleviated inflam-
mation [tumor necrosis factor (TNF)-a, interleukin (IL)-18,
IL-6 and IL-18 levels] and kidney cell damage. It was also
indicated that UA suppressed Toll-like receptor 4 (TLR4),
myeloid differentiation factor 88 and nuclear factor-xB protein
expression in mice with diabetes-induced nephropathy. The
inhibition of TLR4 increased the anti-inflammation of UA
on inflammation in rat with diabetes-induced nephropathy
through the TLR4 signaling pathway. In conclusion, UA allevi-
ates inflammation and inhibits diabetes-induced nephropathy
through a TLR4-mediated inflammatory pathway. The present
findings indicated that UA may be a possible therapeutic agent
against diabetic nephropathy.

Introduction

Diabetes mellitus (DM) is a chronic non-infectious disease. Of
them, disease resulted from islet B cell damage is called type 1
DM (T1DM), while disease in which the body can produce
insulin but the cells can not utilize the insulin is called type 2
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DM (T2DM) (1). DM morbidity shows an increasing trend
globally with the improvement in people's living standard and
changes in lifestyle (2). It is conservatively estimated that, the
global DM cases would increase from 0.382 billion in 2013
to 0.592 billion in 2035 (3). Large epidemiological survey
in China discovers that, DM morbidity in people aged over
20 years is 9.7%. Of them, T2DM accounts for 90%, and
patients combined with diabetic nephropathy (DN) have taken
up 20-40% (3). DN is a common chronic complication of DM,
which manifests as proteinuria and hypertension. Typically,
it is characteristic of the sign of urinary albumin excre-
tion rate (4). Meanwhile, it is also the most critical cause of
end-stage renal disease (ESRD) (4). The growing ESRD cases
have caused tremendous economic burdens on the country (5).
Research also reports that, DN-induced deaths account for
60% of the total DM-related deaths (5).

The pathogenesis of DN is mainly explained from genetic
susceptibility factor, abnormal glucose metabolism pathway,
kidney hemodynamic changes, inflammatory response theory
and cytokine theory (6). An increasing number of scholars
accept the inflammatory response theory (7). In other words,
DM is a natural focal disease, with inflammatory response
in its course (8). It is an inflammatory disease induced by
metabolic disorder (7). In the genesis and development of
microvascular complications such as DN, inflammatory
response also plays a vital role. Similarly, this view is veri-
fied in related clinical and laboratory research (6). However,
the genesis of inflammatory response is complicated. It is a
disease resistance response occurring in systemic tissues and
multiple organs (7). Meanwhile, it is accompanying with body
fever and leukocytosis (6). In essence, it is a process in which
inflammatory factors fight against the body (6).

Existing studies suggest that, Toll-like receptor 4 (TLR4)
is a major receptor of the natural immune system to recognize
pathogenic microorganism (9). The TLR4 signaling pathway
is activated upon the stimulation of lipopolysaccharide (LPS).
As a result, the lipid of LPS A binds with LPS-binding
protein (LBP) outside the relevant cells to form the LPS-LBP
complex. Such complex binds with CD14 on cell membrane
surface, thus activating TLR4. The activated TLR4 binds
with the homodomain of myeloid differentiation factor 88
(MyD88) through the internal segment of its cytoplasma (10).
In addition, the death domain (DD) of MyD88 can recruit
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the downstream molecules containing DD (11). Therefore, it
can induce the release of pro-inflammatory cytokines tumor
necrosis factor (TNF)-a, interleukin (IL)-1 and IL-6, thus
exerting the immune response effect (11).

Ursolic acid (UA) is the anti-hepatitis active ingredient
extracted from the Caprifoliaceae plant Sambucus chinensis.
It is a pentacyclic triterpenoid extensively distributed in the
nature (12). Typically, it exists in the free form or binds with
sugar to form glycoside in plants like Sambucus chinensis,
Fructus crataegus, Arbutus menziesii, Prunella vulgaris,
glossy privet fruit, plantain herb, Incarvillea arguta, and olden-
landia diffusa (13,14). It has multiple clinical pharmacological
effects, including antitumor, anti-hepatitis, anti-inflammation
and anti-bacterium. It is the ideal drug to treat viral hepa-
titis, with low toxicity and little side effects (13). The aim of
this in vitro study is to examine the effects of UA alleviates
diabetes-induced nephropathy and its possible mechanism.

Materials and methods

Animals and experimental rat model. Adult male Wistar
rats (200-230 g) were obtained from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China)
and were housed in standard environmental conditions
maintained at 22+2°C, 55-60% humidness, freely access
to food and water with 12 h light-dark cycle. All rats were
randomly divided into three groups: i) Sham + vehicle
group (n=6); ii) Nephropathy + vehicle group (n=6); and
iii) Nephropathy + 25 mg/kg UA group (n=6). All rats of
Nephropathy + vehicle group or Nephropathy + 25 mg/kg UA
group were received 50 mg/kg of intra-peritoneal injection of
streptozocin for 60 days. All rats of Nephropathy + 25 mg/
kg UA group were gavaged with 25 mg/kg UA for 60 days.
This study was approved by the Ethics Committee of Chinese
PLA General Hospital. At the end of these experiments, all
animals were anesthetized by 35 mg/kg pentobarbital sodium
and sacrificed using decollation.

Hematoxylin and eosin (H&E) staining. After treatment with
UA, kidney tissue samples were collected and fixed with 4%
paraformaldehyde for 24 h. Kidney tissue samples were dehy-
drated, embedded, and sliced, and cut into 5 ym thickness.
Sections of 5 ym thickness were stained with H&E sassy for
5 min and then examined using transmission electron micros-
copy (H7650).

ELISA kits for inflammation. After treatment with UA, periph-
eral blood or cells were collected and centrifuged at 1,000 x g
for 5 min at 4°C. TNF-aq, IL-1f, IL-6 and IL-18 levels were
measured using ELISA Kkits.

Western blot analysis. After treatment with UA, kidney tissue
samples or cells were collected and homogenated using RIPA
assay for 30 min at 4°C. Proteins were collected, electropho-
resed via 10% SDS-PAGE, and transferred to polyvinylidene
fluoride membranes. The membranes were blocked with
5% non-milk in TBST for 1 h at 37°C and incubated at 4°C
overnight with the following primary antibodies: TLR4,
MyD88, NF-kB and GAPDH (Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA). The membranes were washed with TBST

LI et al: URSOLIC ACID ALLEVIATES DIABETES-INDUCED NEPHROPATHY

for 15 min and incubated with species-specific horseradish
peroxidase-conjugated secondary antibodies (Santa Cruz
Biotechnology,Inc.) for 1 h at37°C. Protein bands were detected
using a Western Bright Enhanced Chemiluminescence detec-
tion system (Advansta, Inc., Menlo Park, CA, USA).

Statistical analysis. Values were expressed as mean + SEM.
One-way ANOVA was followed by Tukey's post hoc multiple
comparison test for statistical analysis.

Results

UA prevented diabetes-induced nephropathy in rat. First, we
explored whether the effect of UA prevented diabetes-induced
nephropathy. The structural formula of UA was showed at
Fig. 1A. As observed in Fig. 1B, glomerulus appeared damage
in rat with diabetes-induced nephropathy, compared with
sham group. As showed in Fig. 1C and D, body weight was
inhibited, blood glucose levels were increased in rat with
diabetes-induced nephropathy, compared with sham group.
Then, treatment with UA prevented glomerular damage,
increased body weight and reduced blood glucose levels in
rat with diabetes-induced nephropathy, compared with sham
group (Fig. 1B-D).

UA protected kidney cell in rat with diabetes-induced
nephropathy. Kidney weight/body weight ratio was decreased,
blood urea nitrogen (BUN) and Creatinine in serum were
promoted, and Albumin in serum was increased in serum
of rat with diabetes-induced nephropathy, compared with
sham group (Fig. 2). These indexes were reversed by UA
in rat with diabetes-induced nephropathy, compared with
diabetes-induced nephropathy model group (Fig. 2).

UA prevented inflammation in rat with diabetes-induced
nephropathy through TLR4 pathway. Diabetic rats showed a
significant elevation of TNF-a, IL-1f, IL-6 and IL-18 levels
in rat with diabetes-induced nephropathy, compared with
sham group (Fig. 3). Treatment with UA reduced TNF-a,
IL-1B, IL-6 and IL-18 levels in rat with diabetes-induced
nephropathy, compared with diabetes-induced nephropathy
model group (Fig. 3). Diabetic rats showed increase of protein
expression levels of TLR4, MyD88 and NF-«B in rat with
diabetes-induced nephropathy, compared with sham group
(Fig. 4). Treatment with UA suppressed TLR4, MyD88
and NF-kB protein expression in rat with diabetes-induced
nephropathy, compared with diabetes-induced nephropathy
model group (Fig. 4).

The inhibition of TLR4 increased the anti-inflammation of UA
on inflammation in rat with diabetes-induced nephropathy
through TLR4 pathway. To assess the role of TLR4 in the
anti-inflammation of UA on inflammation in vitro model,
TLR4 inhibitor (TAK-242) suppressed TLR4 protein expres-
sion in vitro model by UA. As showed in Fig. 5, TLR4 inhibitor
suppressed TLR4, MyD88 and NF-kB protein expression in rat
with diabetes-induced nephropathy by UA, compared with only
treatment with UA group. However, TLR4 inhibitor promoted
TNF-a,IL-1p,IL-6 and IL-18 levels in rat with diabetes-induced
nephropathy by UA, compared with only treatment with UA
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Figure 1. UA prevented diabetes-induced nephropathy in rats. (A) The structural formula of UA, (B) H&E staining in the glomerulus (magnification, x400),
(C) body weight and (D) blood glucose levels were indicated. “P<0.01 compared with control rat group, “/P<0.01 compared with diabetes-induced nephropathy
group. Control, control rat group; T2DM, diabetes-induced nephropathy in rat model group; UA, treatment with UA in rat of diabetes-induced nephropathy
group. UA, ursolic acid; H&E, hematoxylin and eosin; T2DM, type 2 diabetes mellitus.
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Figure 2. UA protected kidney cell in rat with diabetes-induced nephropathy. (A) Kidney weight/body weight ratio, (B) Albumin, (C) BUN and (D) Creatinine
levels. Control, control rat group; T2DM, diabetes-induced nephropathy in rat model group; UA, treatment with UA in rat of diabetes-induced nephropathy
group. “P<0.01 compared with control rat group, *P<0.01 compared with diabetes-induced nephropathy group. UA, ursolic acid; BUN, blood urea nitrogen;

T2DM, type 2 diabetes mellitus.

group (Fig. 6). TLR4 inhibitor reduced glomerulus appeared
damage, kidney weight/body weight ratio, BUN and Creatinine
in serum, albumin and protein of urine, and increased albumin
in serum of rat with diabetes-induced nephropathy by UA,
compared with only treatment with UA group (Fig. 7).

Discussion

DN morbidity is growing in numerous countries in the world
with the improvement in people's living standard (1). DN is

one of the severe complications of DM-related microvascular
lesion. It is also one of the major causes leading to ESRD. The
pathogenesis of DN is complicated, which is once considered
to be a metabolic disorder (15). Existing studies suggest that,
DN genesis is closely related to genetic, immune and environ-
mental factors (15). These findings suggest that treatment with
UA prevented glomerular damage, increased body weight and
Albumin, reduced blood glucose levels, BUN, Creatinine in
serum levels and kidney weight/body weight ratio in rat with
diabetes-induced nephropathy.
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Figure 3. UA prevented inflammation in rat with diabetes-induced nephropathy through TLR4 pathway. (A) TNF-a, (B) IL-1f, (C) IL-6 and (D) IL-18 levels.
“P<0.01 compared with control rat group, ""P<0.01 compared with diabetes-induced nephropathy group. Control, control rat group; T2DM, diabetes-induced
nephropathy in rat model group; UA, treatment with UA in rat of diabetes-induced nephropathy group. UA, ursolic acid; TLR4, Toll-like receptor 4; T2DM,

type 2 diabetes mellitus; TNF, tumor necrosis factor; IL, interleukin.
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Figure 4. UA suppressed TLR4 pathway in rat with diabetes-induced nephropathy through TLR4 pathway. (A-C) TLR4, MyD88 and NF-kB protein expression

by statistical analysis and (D) western blotting assays.

“P<0.01 compared with control rat group, ”P<0.01 compared with diabetes-induced nephropathy group.

Control, control rat group; T2DM, diabetes-induced nephropathy in rat model group; UA, treatment with UA in rat of diabetes-induced nephropathy group. UA,
ursolic acid; TLR4, Toll-like receptor 4; T2DM, type 2 diabetes mellitus; MyD88, myeloid differentiation factor 88; NF-«xB, nuclear factor-xB.

The pathogenesis of DN is complex, which is previously
considered to be related to mechanisms such as gene polymor-
phism, abnormal kidney hemodynamics, abnormal growth
factor metabolism and oxidative stress (16). In recent years, an
increasing number of studies find that the genesis and develop-
ment of DN is closely related to inflammation (16). Research
also discovers that, metabolic disorders like hyperglycemia
will damage the renal cells, and promote them to secrete and
release the inflammatory factors (8). In this way, they will

induce the cascade reaction and induce renal damage (17). The
immunity and inflammation theories have received wide atten-
tion in recent years. It is suggested that endothelial injury and
platelet activation are closely correlated with the genesis and
development of DM (17). Wang et al showed that UA amelio-
rates oxidative stress, inflammation and fibrosis in diabetic
cardiomyopathy rats (18). We found that UA prevented TNF-a
IL-1pB, IL-6 and IL-18 levels in rat with diabetes-induced
nephropathy.
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Figure 5. Inhibition of TLR4 increased the anti-inflammation of UA on nephropathy in rat with diabetes-induced nephropathy through TLR4 pathway.
(A) H&E staining in the glomerulus (magnification, x400), (B) body weight, (C) blood glucose levels, (D) kidney weight/body weight ratio, (E) albumin,
(F) BUN and (G) creatinine levels were indicated. ““P<0.01 compared with control rat group, #P<0.01 compared with diabetes-induced nephropathy group,
#P<0.01 compared with treatment with UA in rat of diabetes-induced nephropathy group. Control, control rat group; T2DM, diabetes-induced nephropathy in
rat model group; UA, treatment with UA in rat of diabetes-induced nephropathy group; TAK-242, treatment with UA and TAK-242 in rat of diabetes-induced
nephropathy group. UA, ursolic acid; TLR4, Toll-like receptor 4; T2DM, type 2 diabetes mellitus; BUN, blood urea nitrogen.
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Figure 6. Inhibition of TLR4 increased the anti-inflammation of UA on inflammation in rat with diabetes-induced nephropathy. (A) TNF-a, (B) IL-14, (C) IL-6
and (D) IL-18 levels. “P<0.01 compared with control rat group, “P<0.01 compared with diabetes-induced nephropathy group, #*P<0.01 compared with
treatment with UA in rat of diabetes-induced nephropathy group. Control, control rat group; T2DM, diabetes-induced nephropathy in rat model group; UA,
treatment with UA in rat of diabetes-induced nephropathy group; TAK-242, treatment with UA and TAK-242 in rat of diabetes-induced nephropathy group.
UA, ursolic acid; TLR4, Toll-like receptor 4; T2DM, type 2 diabetes mellitus; TNF, tumor necrosis factor; IL, interleukin.
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Figure 7. Inhibition of TLR4 increased the anti-inflammation of UA on TLR4 pathway in rat with diabetes-induced nephropathy. (A-C) TLR4, MyD88

and NF-kB protein expression by statistical analysis and (D) western blotting assays.

“P<0.01 compared with control rat group, “P<0.01 compared with

diabetes-induced nephropathy group, “*P<0.01 compared with treatment with UA in rat of diabetes-induced nephropathy group. Control, control rat group;
T2DM, diabetes-induced nephropathy in rat model group; UA, treatment with UA in rat of diabetes-induced nephropathy group; TAK-242, treatment with UA
and TAK-242 in rat of diabetes-induced nephropathy group. UA, ursolic acid; TLR4, Toll-like receptor 4; T2DM, type 2 diabetes mellitus; MyD88, myeloid

differentiation factor 88; NF-kB, nuclear factor-«B.

From the view of inflammatory factor expression, the renal
tubular epithelial cells HK-2 and macrophages THP-1 are
stimulated by TLR4 endogenous and exogenous ligands under
hyperglycemia status (10). As a result, expression of inflam-
matory factors TNF-a, MCP-1, IL-6 and IL-8 is remarkably
up-regulated within a short time (19). These factors play
vitals roles in regulating the innate and adaptive immune
response, killing target cells, inducing apoptosis and inducing
the production of acute phase reactive protein. Particularly,
increased expression of these inflammatory factors have
been proved in the serum of DM and DN patients (20). This
finding suggest that TLR4 ligands can induce the production
of rapid and strong inflammatory response by renal tubular
epithelial cells and macrophages under hyperglycemia envi-
ronment (19). In addition, it demonstrates that renal cell itself
can be involved in the inflammatory response of DN through
activating TLR4 (20). Zhang et al indicated that UA alleviates
early brain injury by suppressing TLR4-mediated inflamma-
tory pathway (12). In the present study, Treatment with UA
suppressed TLR4, MyD88 and NF-kB protein expression in
rat with diabetes-induced nephropathy.

Nuclear transcription factor NF-«B is a transcription factor
in eukaryocyte with extensive distribution and function (21).
It can be activated by multiple extracellular stimulations. In
addition, it can participate in gene regulation under apoptosis
and inflammation (22). Meanwhile, it has important physi-
ological and pathological actions (23). Recent study indicated
that, NF-«B is closely related to the genesis and development
of DN (23). NF-«kB can be activated by numerous physiolog-
ical and non-physiological stimulations. TLR4 is the major
receptor activating NF-kB. Data suggest that NF-kB can be
activated by some DM factors, thus it can initiate the transcrip-
tion of many DN-related genes (24). Moreover, evidence also
suggests that NF-kB activation can promote renal interstitial
fibrosis through its downstream action (24). Luo er al showed

that UA inhibits breast cancer growth via the PI3K/AKT and
NF-«B signaling pathways (25). Furthermore, we found that
the inhibition of TLR4 increased the anti-inflammation of UA
on inflammation in rat with diabetes-induced nephropathy
through TLR4 pathway.

In conclusion, UA alleviates inflammation and against
diabetes-induced nephropathy through TLR4-mediated
inflammatory pathway, and UA as a possible therapeutic agent
against diabetic nephropathy. UA could be applied in the
development of an effective therapeutic strategy for treating
diabetes-induced nephropathy.
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