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Umbelliferone ameliorates renal function in diabetic
nephropathy rats through regulating inflammation
and TLR/NF-kB pathway
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[ABSTRACT] Diabetic nephropathy (DN) is a leading cause of renal failure, contributing to severe morbidity and mortality in diabetic
patients. Umbelliferae (Umb) has been well characterized to exert protective effects in diabetes. However, the action and mechanism of
Umb in DN remains unclear. In this work, we studied the effect of Umb in a streptozotocin (STZ)-induced DN rat model and explore
its underlying mechanism. DN rats were treated with Umb (20, 40 mgkg™') or irbesartan (15 mg-kg ™) for 4 weeks. Levels of serum
glucose, insulin, blood uric acid, creatinine, triglycerides (TG) and total cholesterol (TC) were measured by commercial assay Kkits,
respectively. Histopathological changes and inflammatory cytokine levels including IL-6, IL-15 and TNF-« in the kidney were also
evaluated. Alterations in the expression of podocin, CD2AP and TLR/NF-kB were assessed by western blotting. Our results showed
that Umb reduced renal injury in DN rat model, as evidenced by the decrease in blood glucose, 24 h urinary protein, serum creatinine,
and blood uric acid. Umb also significantly ameliorated the renal histopathological alteration, and down-regulated the expression of
epithelial-to-mesenchymal transition-related molecular markers podocin and CD2AP. Moreover, Umb inhibited TLR2, TLR4, MyD88
expressions, NF-kB activation and considerably reduced levels of other downstream inflammatory molecules (TNF-a, IL-6, IL-15).
These findings indicated that Umb improved renal function through regulating inflammation and TLR/NF-xB pathway, suggesting the

potential efficacy of Umb in DN treatment.
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Introduction

Diabetes mellitus is a serious chronic disease which af-
fects millions of people worldwide. It is characterized by
acquired deficiency of insulin and the ineffectiveness of the
insulin generation . Chronic hyperglycemia contributes to

[Received on] 17-Dec.-2019

[Research funding] This work was supported by the National Natu-
ral Science Foundation of China (No. 81503559).

[‘Corresponding authors] Tel: 86-25-52362182, Fax: 86-25-
52362182, E-mail: chengxiaolan37@126.com (CHENG Xiao-Lan);
E-mail: cpuwangqi@163.com (WANG Qi)

“These authors contributed to the work equally.

These authors have no conflict of interest to declare.

Published by Elsevier B.V. All rights reserved

glycation of body proteins which consequently results in a
variety of complications affecting nerves, eyes, livers and
kidneys 2. Among these, diabetic nephropathy (DN) is one of
the most serious microvascular complications of diabetes that
seriously affects patients' quality of life ©*!. Pathologically, DN
is characterized by a series of renal structure abnormalities
such as increased urinary albumin excretion, increased base-
ment membrane thickening and podocyte injury. Currently,
DN is considered to be a progressive disease that involves
several mechanisms, with changes in glomerular haemody-
namics causing renal lesions, oxidative stress, inflammatory
response, and fibrosis . Accumulating evidence indicates
that inflammatory mechanisms play a significant role in de-
velopment and progression of DN Pl In this context, tumor
necrosis factor-alpha (TNF-a) and nuclear factor-kappa B
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(NF-kB) have gained much attention . NF-xB could be se-
creted by almost all cell types and activated by cell-stress
stimulis such as oxidative stress, hyperglycaemia, hyperten-
sion, obesity, cytokines, growth factors, etc. TNF-a is a
pro-inflammatory cytokine that plays lead role in inflamma-
tory responses, lipid metabolism, and insulin resistance . It
was reported that TNF-a was associated with increased oxida-
tive stress in DN ¥, Both NF-kB and TNF-¢ are activated in
renal tissue and they have been reported as important marker
of DN ©1. Toll like receptors (TLRs) play an essential role in
innate inflammatory process. TLR family contains 10 mem-
bers (TLR1-TLR10), and among which TLR2 and TLR4
presented as the most famous ones. Upon triggered by stimuli,
TLR2/TLR4 was activated and conduce to the inflammatory
cascade. Finally, the key downstream effector, NF-xB could
be activated and the inflammatory response mediated !'%.
TLR/NF-kB pathway participated in the mediation of in-
flammatory reaction in DN M. Devaraj et al. provided evi-
dence of the pro-inflammatory role of TLR2 and TLR4 in
DN 8] Lin et al. recently showed that a TLR4 antagonist
attenuated renal inflammation and slowed the progression of
advanced DN ¥ These data suggested the importance of
TLR/NF-kB pathway as a potential therapeutic target for the
treatment of DN.

Natural products have reported protection against various
metabolic disorders, they are therapeutically important be-
cause of their antioxidant and anti-inflammatory potential.
Angelica decursiva. Fr. Et Sav is a perennial herb belonging
to the Umbelliferae family and has been used in traditional
Chinese medicine as an expectorant, antipyretic, and cough
remedy '), As one of chemical compounds isolated from
Angelica decursiva. Fr. Et Sav, umbelliferone (Umb) exerts
various properties including anti-depressive, anti-oxidative and
anti-inflammatory effects ('), It has been reported that Umb
possesses anti-diabetic activity by recovering glucose and
lipid metabolism "®. Umb treatment also can significantly
reduce the diabetes induced renal damage 191 However, it has
not yet been determined whether Umb is able to modulate
TLR/NF-kB signaling in kidney tissue. Furthermore, the
association between the downregulation of TLR/NF-«B
signaling and improvement in kidney function in DN is cur-
rently unclear.

In the present study, a rat model of DN was induced by
streptozotocin. Diabetic rats were randomly treated with ve-
hicle (normal saline), Umb (20 or 40 mg'kg™) or irbesartan
(IRB, 15 mgkg") daily for 4 weeks. Metabolic parameter
levels and renal pathological changes were examined. Protein
expression levels of podocin, CD2AP, TLR2, TLR4, MyD88,
nuclear factor (NF)-kB and p-IkB in the kidneys of rats from
all groups were measured. The aim of the present study was
to observe the association between renal injury and TLR/
NF-kB expression by establishing a DN rat model, and inves-
tigate the possible mechanisms of repairing renal injury in
DN with Umb.

®

Materials and Methods

Main reagents and kits

Umb (purity 98%) was purchased from National Institutes
for Food and Drug Control (Beijing, China). Streptozotocin
(STZ) and IRB were obtained from Sigma (St Louis, MO,
USA). Glucose, uric acid, creatinine, triglycerides (TG) and
total cholesterol (TC) commercial kits were provided by Ji-
ancheng Bioengineering Institute (Nanjing, China) and insu-
lin enzyme-linked immunosorbent assay (ELISA) kit was
purchased from Nanjing KeyGEN Biotech. Co., Ltd. (Nanjing,
China). Primary antibodies against TLR, MyD88, p-NF-
kBp65, NFkBp65, p-IkBa, IkBa were produced by Cell Sig-
naling Technology (Danvers, USA).

Experimental animals

Male Sprague-Dawley rats weighing 200-220 g were
obtained from Jiangning Qinglongshan Animal Cultivation
Farm (Nanjing, China). Animals were housed at 23 + 2 °C
with 50% + 5% humidity and with a 12 h light/dark cycle, and
had free access to a standard rat pellet diet and tap water. The
rats were allowed to acclimatize to their new location for 7
days prior to experiments. All the experimental protocols
were approved by the Animal Ethics Committee of Nanjing
University of Chinese Medicine, and were performed in ac-
cordance with the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals (NIH Publications
No. 8023, revised 1978).

Induction of experimental diabetes mellitus and experimental
design

Diabetes was induced in the overnight fasted rats by single
intraperitoneal injection (i.p.) of streptozotocin (135 mg/kg
body weight) dissolved in 0.1 mol-L™" citrate buffer (pH 4.5).
Normal rats received only citrate buffer. After 3 days of STZ
injection, blood glucose levels from the non-fasted rats were
measured. Animals with 200 mg-dL™" and above confirmed
diabetic and were used for the study. After establishing the
diabetic model, the rats were divided into five groups (n = 10
in each group) as follows: control, STZ, STZ + IRB (15 mgkg™),
STZ + Umb (20 mgkg") and STZ + Umb (40 mgkg™)
groups. This doses of Umb and IRB have been proved to be
effective and safe "2, Umb and IRB were dissolved in
0.5% carboxymethyl cellulose-Na (CMC-Na, Solarbio, Bei-
jing, China) and administered by gavage, once a day for 28
days. Rats in control and STZ groups were orally adminis-
trated with the same volume of 0.5% CMC-Na. On day 29,
the animal study was terminated by sacrificing the animals to
collect blood and kidney for further analysis. Serum and tis-
sues collected were stored at —80 °C till further analysis.

Oral glucose tolerance test (OGGT)

On the last week of the experimental period, OGTT was
performed. The rats were orally administered with 30%
glucose (1.5 gkg™) after overnight fasting for 14 h after
compounds treatment. Blood samples were collected from the
orbit vein at 0, 30, 60, 90, 120 min after glucose administra-
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tion. The glucose levels were determined using serum glucose
commercial kits according to the manufacturer’s instruction.
Insulin assay

The serum insulin levels were assayed by an enzyme-
linked immunosorbent assay based on the manufacturer’s
instruction.
Detection of urinary albumin excretion

Prior to sacrifice, rats were placed in metabolic cages to
collect 24 h urine for measurement of albumin levels. The
urine samples from each rat were combined and centrifuged.
Aliquots of the supernatant were collected and frozen at
=70 °C. The albumin levels were determined busing an en-
zyme-linked immunoabsorbent assay with an anti-rat albumin
antibody.
Biochemical analysis

Blood uric acid, creatinine, triglycerides (TG) and total
cholesterol (TC) were determined using commercial kits pro-
vided by Jiancheng Bioengineering Institute (Nanjing, China)
according to the experimental protocol.
Histopathological procedures

Paraftin-embedded kidney tissues were used for histopa-
thological staining. The hematoxylin-eosin staining and schiff
periodic acid shiff staining were applied to examine the tissue
injury. The presence of tubular atrophy, connective tissue
changes, fibrosis, inflammation, degeneration of tubular epithe-
lial, congestion, and glomerular damage was evaluated to
confirm the kidney damage. The histopathological evaluation
was carried out by two pathologists in blinded manners.
Determination of TNF-o, IL-1B, and IL-6 in kidney tissue

Inflammatory cytokines including IL-6, IL-1§ and TNF-a
in the kidney were measured using ELISA kits according to
the manufacturer’s instructions. The optical density (OD) of
each well was read at 450 nm, and the concentrations of in-
flammatory cytokines were quantified by reference to the
standard curves.
Western blot analysis

Kidney protein was extracted with lysis buffer for 30 min
on ice and then centrifuged at 1 2000 r-min”' for 5 min at 4 °C

to remove the debris. Total protein concentration was detected
using the bicinchoninic acid (BCA) protein assay kit (Be-
yotime, Nanjing, China). The samples were loaded on
SDS-polyacrylamide gel electrophoresis and transferred onto
the polyvinylidene difluoride membrane. The membrane was
incubated with primary antibody in blocking buffer over-
night at 4 °C, and then treated with secondary antibody for
1 h at room temperature after washing with TBST. The
blotted protein bands were established and fixed by an
ECL Advanced kit. Image analysis software was applied to
quantify protein levels.
Statistical analysis

The data in the figures were expressed as means = SDs.
Assessment were analyzed by one-way analysis of variance
(ANOVA) with Tukey multiple comparison test. All data were
analyzed with GraphPad software, where P < 0.05 was con-
sidered significant.

Result

Effects of Umb on body weight and kidney weight

Diabetes is commonly characterized with body weight
loss, which may be due to the protein wasting in a situation of
unavailability of carbohydrate for utilization as an energy
source 2!, The treatment of diabetes is traditionally accom-
panied with body weight gain. In the present study, five dia-
betic groups were established at the beginning with the origi-
nal body weight in each group of 265.6 + 5.9, 261.9 + 6.2,
263.6£9.4,267.7 £ 8.4, and 261.4 £ 10.4, respectively. After
4 weeks’ treatment, all the diabetic rats exhibited obviously
gain in body weight with the increase rates of 77.1%, 15.1%,
33.6%, 33.6%, and 40.1%, separately (Table 1). The body
weight of diabetic rats was still significantly lower than the
normal rats (P < 0.01). Also, significant increase of kidney
weight was observed in diabetic rats (P < 0.01). Administra-
tion of Umb (20 and 40 mg-kg™") could significantly increase
the body weight and reduce the kidney weight of diabetic rats
(P < 0.01). The changes in body weights indicated that Umb
could effectively prevent the loss of body weight in diabetic rats.

Table1 Effects of Umb on body weight and kidney weight in DN rats ( means = SD, n = 10)

Umb (mg-kg ™)
Parameter Control STZ IRB
20 40
Body weight (0 week) 265.6+5.9 261.9+6.2 263.6+9.4 267.7+8.4 261.4+10.4
Body weight (4 week) 4703 +£175 301.5 +22.9" 3522+17.9" 357.6+19.1" 366.1 +20.6™
Kidney/mg 3036.3+110.2 3845.1 + 141.7% 31882+ 119.2" 34555+ 131.1" 3264.0 £ 128.7"

#p<0.01 vs control; P <0.01 vs STZ

Effects of Umb on oral glucose tolerance property and insulin
resistance

To investigate the blood glucose homeostasis, glucose
tolerance ability of all the experimental rats was evaluated
using OGTT test. As shown in Fig. 1, the STZ-induced dia-
betic rats showed significantly higher glucose level than the
normal rats before glucose administration (P < 0.05). After

®

oral administration of glucose, the blood glucose level of all
groups reached the peak at 60 min, and then the normal con-
trol reversed to the basal level after 120 min. However, the
blood glucose level of diabetic rats was consistently main-
tained in a high level throughout the whole time (Fig. 1A).
Compared with diabetic control, administration of IRB and
Umb resulted in a significant suppression on the blood glu-
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cose level (P < 0.05 or P < 0.01). The results suggested that
the impaired glucose tolerance in STZ-induced diabetic rats
could be improved by Umb 2,

Insulin resistance usually attributes to the insulin defi-
ciency, which leads to the failure of glucose homeostasis. To
investigate the effects of Umb on the insulin resistance in
STZ-induced diabetic rats, the serum insulin level was deter-
mined after 4 weeks’ treatment. As shown in Fig. 1B, the
diabetic rats administrated with Umb (40 mg-kg™") exhibited a
remarkable increase in insulin level compared with diabetic
control. The results indicated that Umb was beneficial for the
amelioration of insulin resistance in diabetic rats.

Effects of Umb on serum profiles levels
Liver is the primary organ for lipid metabolite and main-

taining cholesterol homeostasis *). Chronical hyperlipidemia
causes liver injury as well as insulin resistance substantially
41 Thus, strategies aimed at preventing dyslipidemia are
essential for the treatment of diabetes mellitus. Generally,
dyslipidemia is characterized with elevated TC, TG, LDL-C
levels and decreased HDL-C level in serum ). In the present
study, a remarkable disorder in lipid profiles was observed in
STZ-induced diabetic mice (Figs. 2A and 2B). After Umb
treatment, significant decreases in serum TG, TC levels were
observed with the reduction rates of 38.10%, and 15.0%,
separately, compared to the diabetic control (P < 0.01), which
is in corroboration with previous research work, which sug-
gested that Umb was helpful for the normalization in lipid
profiles in diabetic rats ['8],
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Fig. 1 Effects of Umb on the blood glucose and serum insulin levels. (A): OGTT; (B): serum insulin levels. Rats were intra-
peritoneally injected with 135 mg-kg™" of STZ. IRB (15 mg-kg™") and Umb (20, 40 mg-kg™') were intragastrically treated for con-
secutive 28 days. Values are expressed as means + SD, n = 10. P <0.05, P < 0.01 vs control; "P < 0.05, “P<0.01 vs STZ

A
80+
i

TG (mg-dL™)
2 o
s 8

[\]
<
n

10

Serum uric acid (mg-dL™)

B 1504

iiid

—_

[

<
L

TC (mg-dL™)
i
i
i

Fig. 2 Effects of Umb on TG (A), TC (B), uric acid (C), creatinine (D), 24-h urinary protein levels (E). Values are expressed as
means £+ SD, n = 10. #p <0.05, %P <0.01 vs control; P< 0.05, “P<0.01vs STZ
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Effects of Umb on diabetic kidney injury

To assess the renal damage, biochemical markers such as
blood uric acid (BUA), creatinine (Cre), and 24-h urinary
protein (24-h U-PRO) were evaluated in all the groups. As
shown in Figs. 2C-2E, a dramatic increase in levels of BUA,
Cre and 24-h urinary protein were observed (all P < 0.01),
indicating renal functional impairment. Treatment with Umb
at the dosages of 20 and 40 mgkg™', however, could signifi-
cantly reduce the levels of BUA, Cre, and 24-h urinary pro-
tein in rats compared with the STZ-induced diabetic model
group (For 40 mg'kg ', all P < 0.01). These results indicate
that the therapeutic effect of Umb against diabetes-related
kidney injury may be dose-dependent. In the present rat
model, treatment with irbestartan elicited a similar biochemi-
cal response on rats as treatment with Umb, suggesting that
Umb or irbesartan exerted an improved effect on renal func-

tional impairment in diabetic rats.
Effects of Umb on renal tissue morphology

The impact of Umb treatment on pathological changes in
the kidney tissues of rats was investigated with H&E and PAS.
As shown in Fig. 3A, the animals in normal control group
were observed with normal kidney architecture. STZ treatment
produced obvious glomerular damage, whereas, treatment
with Umb markedly attenuated the histopathological
changes. Consistent with H&E staining, deleterious struc-
tural changes (e.g. brush border membrane loss, thickened
basement membranes, PAS-positive materials deposition,
and cast formation) were detected in the kidney sections of
rats in STZ-induced diabetic model group. Aministration
of Umb abrogated these deleterious effects (Fig. 3B), sug-
gesting that Umb has a potential to protect against diabe-
tes-related kidney injury.

Umb (40 mg-kg™)

Fig. 3 Histological examination of the kidney sections. Kidney tissue sections from rats in the control, STZ, Irbesartan (15
mg-kg"), Umb (20mg-kg") and Umb (40mg-kg") were stained with HE (A) or PAS (B). Ultrathin kidney 50-nm-thick sections

were examined under an electronic microscope.

Regulation of Umb on expression of epithelial-to-mesen-
chymal transition related molecular markers podocin and
CD2AP in renal cortex tissues of rats

Researches have shown that high glucose could lead to
epithelial-to-mesenchymal transition (EMT) in podocytes, which

eventually caused the proteinuria occurrence and develop-
ment of diabetes mellitus. Inhibition of podocytes EMT could
attenuate urinary protein and renal injury of diabetic neph-
ropathy. After 4 weeks of treatment, the EMT related molecu-
lar markers podocin and CD2AP protein expression levels
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were measured to explore the mechanism of protective effect
of Umb on renal impairment. The western blotting for podo-
cin and CD2AP in renal tissues of the five groups was shown
in Fig. 4. Podocin and CD2AP protein expression was de-
creased significantly in diabetic model group when compared
to the control group. Treatment with Umb at dosages of 20 and
40 mg/kg significantly restored the decreased protein (Fig. 4).
Effect of Umb on pro-inflammatory cytokines
Pro-inflammatory cytokines like TNF-a, IL-1f, and IL-6
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play an important role in the development of diabetes-related
kidney injury. To explore the effects of Umb on inflammation,
the levels of TNF-a, IL-6 and IL-15 were analyzed in the
kidney. It was observed that STZ treatment resulted in sig-
nificant (P <0.01) increase in the levels of TNF-a, IL-1f, and
IL-6 in model group, as compared to normal rats I (Fig. 5).
Treatment with Umb at both doses markedly (P <0.01) re-
stored the levels of all the pro-inflammatory cytokines studied
to normal, compared to diabetic STZ rats (Fig. 5).
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Fig. 4 Effect of Umb on expression of epithelial-to-mesenchymal transition related molecular markers podocin and CD2AP in
renal cortex tissues of rats. Values are expressed as mean = SD,n =5, p< 0.05, #p <0.01 vs control; P< 0.05, “P<0.01vs STZ
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Fig. 5 Effects of Umb on proinflammatory cytokines in the kidney. Values are expressed as mean + SD, n = 10, p< 0.05, #p <

0.01 vs control; "P < 0.05, “P<0.01 vs STZ
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Effect of Umb on TLR/NF-xB signaling pathway in renal tis-
sues of rats

We further investigated whether Umb affected the activa-
tion of TLR/NF-kB pathway, the essential signaling transduc-
tion pathway involved in inflammation response. The western
blot results showed that the expression levels of TLR2, TLR4

and MyD88 were increased 2.67-fold, 3.53-fold and 2.37-fold
post STZ injection (Figs. 6A—6D). The nucleus accumulation
of NF-xB (p65) was augmented by STZ (Figs. 6E—6F). Ad-
ministration of Umb (20, 40 mgkg') suppressed dia-
betic-induced changes in TLR/NF-kB pathway related mole-
cules (Figs. 6A—6F).
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Fig. 6 Effect of Umb on TLR/NF-kB pathway-related pathway. Values are expressed as mean + SD. Values are expressed as
means £ SD, n =5, p< 0.05, #p < 0.01 vs control; P <0.05, "P<0.01 vs STZ

Discussion

Previous studies have demonstrated that treatment with
Umb presented attenuation of renal damage in type I diabetic
rats ", However, the mechanisms underlying the action of
Umb have not been clarified. The metabolic inflammation
activated by TLRs is crucial for the pathogenesis of diabetic
renal injuries, particularly in the early process of DN [,
Therefore, the current study investigated the effect of Umb
treatment on TLR/NF-kB pathway expression in the kidney
tissues of rats in DN. The finding of present study suggested

®

that treatment with Umb significantly reduce the levels of
blood glucose, total TC, TG, uric acid, creatinine and 24 h
U-PRO, particularly when a higher dose of Umb (40 mgkg™)
was used in rats. Uric acid, creatinine are considered as the
reliable renal function indices. The elevated content of
creatinine and uric acid are the key features of DN. Admini-
stration of 40 mg'kg”' Umb provoked a comparative thera-
peutic effect compared with irbesartan, the positive control in
the present experimental system. Treatment with Umb also
significantly ameliorate the renal histopathological alteration,
and down-regulate the expression of EMT-related molecular
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markers podocin and CD2AP in renal cortex tissues of rats. In
addition, treatment with Umb dramatically reduced the levels
of pro-inflammatory cytokines TNF-a, IL-18, and IL-6, and
inhibited the relative expression of TLR/NF-kB signaling
which is crucial in the pathogenesis of DN.

Hyperglycemia is the main factor in the progression of
diabetic nephropathy with increasing morbidity and mortality
in patients. The pathogenesis of DN is related to aberrant
action of cell signaling, abnormal immune and inflammatory
responses, increased levels of the cytokines, TGF-f1 and
NF-«B ") In the present study, HE stained kidney tissues of
diabetic animals showed significant glomerular damage. Fur-
thermore, PAS staining was identified in the kidney sections
of rats in the model group, and stromal hyperplasia, glomeru-
lar basement membrane thickening along with increased me-
sangial matrix expansion were detected. Moreover, the values
of EMT related molecular markers podocin and CD2AP were
significantly increased in rats from the diabetic model group.
Notably, upregulated pro-inflammatory cytokines (TNF-a,
IL-1p, and IL-6) levels, and TLR2, TLR4, MyD88, p-NF-xB
and p-IkB expression levels were detected in the kidney tis-
sues of rats in the model group. These data indicated that
during the early process of diabetes mellitus, aberrant activa-
tion of TLR/NF-«B signaling contributes to pro-inflammatory
factor over-expression, as well as hyperglycemia-induced
functional impairment and structural damage in the kidneys of
rats. The present findings were in agreement with those from
previous studies, which suggested that TLR2 and TLR4 are
associated with acute kidney injury, chronic kidney diseases,
and the occurrence of DN 23U Therefore, the TLR/NF-kB
signaling pathway may be a potential target for the develop-
ment of therapies for DN.

Umb, namely 7-hydroxycoumarin, is a derivative of
coumarin widely existing in plants from the Umbelliferae
family like asafetida (Ferula assafoetida), caraway (Carum
carvi), coriander (Coriandrum sativum), and fruits like golden
apple (degle marmelos), bitter orange (Citrus aurantium) as
well as banana P31, Umb displayed potent anti-inflammatory
activity and provides protection from hyperglycemia-induced
kidney injury. It is associated with the downregulation of
TGF-p1 level ). The present study indicated that treatment
with Umb significantly reduced uric acid, creatinine and 24h
U-PRO. Treatment with Umb also found to reduce the
glomerular damage, mesangial matrix expansion as well as
the extent of fibrosis in HE and PAS stained kidney tissues.
These findings indicated that Umb is able to protect hyper-
glycemia-induced kidney injury in animals and notably, that
treatment with a higher dose of Umb (40 mgkg ") provided a
comparative protective effect compared with irbesartan
treatment. The present results are consistent with those from a
previous study, which used a DN model ', Furthermore, the
present study indicated that Umb treatment significantly at-
tenuated hyperglycemia-upregulated TLR2, TLR4, MyD88§,
p-NF-xB and p-IkB expressions in the kidney tissues of rats.

®

Given that TLR/NF-xB
pro-inflammatory responses, it is possible that Umb may in-
hibit activation of the TLR/NF-kB pathway and in turn, miti-
gate hyperglycemia-induced inflammation, such as TNF-o,

signaling positively regulates

IL-1p, and IL-6, to protect the kidney from hyperglyce-
mia-induced injury.

In conclusion, the present study demonstrated that treat-
ment with Umb mitigated hyperglycemia-induced kidney
impairment in a rat model of diabetes mellitus. Furthermore,
treatment with Umb significantly mitigated hyperglycemia-
induced upregulated TLR2, TLR4, MyD88, NF-kB and kB
expression in the kidney of diabetic rats, suggesting that the
aberrant activation of TLR/NF-«kB signaling may contribute to
the DN development. The present findings may provide new
insights into the molecular mechanisms underlying the action
of Umb in treatment of DN. However, further studies are
warranted before clinical application.
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