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Verbascoside alleviates renal fibrosis in unilateral ureteral
obstruction rats by inhibiting macrophage infiltration
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Objective(s): To explore the effect of verbascoside on renal fibrosis in unilateral ureteral obstruction
(UUO) rats.

Materials and Methods: Twenty Sprague-Dawley rats were randomly distributed into sham-operated,
UUO, and UUO+Verbascoside groups. After two weeks of rat model construction, urine and blood
samples were collected for biochemical analysis while kidney tissues were harvested for hematoxylin
and eosin (H&E), Masson’s Trichrome, and immunohistochemistry staining. Pearson coefficient was
used to analyze the correlation between the two proteins.

Results: Verbascoside improved UUO-induced renal dysfunction as detected by decreased serum
creatinine, urea nitrogen, and urinary protein excretion rate. In UUO rats, H&E staining result revealed
increased total nucleated cell number, and Masson’s Trichrome staining results showed tubular
interstitial fibrosis with the deposition of collagen fibrils. Besides, expressions of fibrosis-related
proteins including collagen type I (COL-I), a-smooth muscle actin (a-SMA), and tissue inhibitor of
metalloproteinase 2 (TIMP2) expressed higher in the UUO group. Moreover, macrophage infiltration-
related factors such as CD68+, F4/80+ cells, and suppressor of cytokine signaling-3 (SOCS3) were
significantly higher in the UUO group than in sham-operated rats. However, after administration with
verbascoside, the accumulation of collagen fibrils and total nucleated cell numbers were mitigated.
Likewise, macrophage infiltration was extenuated and fibrosis-related proteins were down-regulated
in the UUO+Verbascoside rats. Correlation analysis indicated that macrophage infiltration-related
markers were related to fibrosis-related factors.

Conclusion: Verbascoside could alleviate renal fibrosis in UUO rats probably through ameliorating
macrophage infiltration.
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Introduction

Renal fibrosis resulting from various obstructions
of the urinary tract is a common issue in long-term
obstructive uropathy patients (1-4). Obstructive
nephropathy caused by kidney stones accounts for
1-15% of the global general population. The prevalence
in China is about 6.1%-6.4%, while it is higher in
South China (5-7). Though the obstructive condition
can be relieved through surgery, kidney fibrosis ca
not be eliminated thoroughly (8). Therefore, effective
treatment for ameliorating kidney fibrosis in obstructive
nephropathy is still urgent (9-11).

The unilateral ureteral obstruction (UUO) animal
model is often used to reveal useful biomarkers and
new therapy for progressive renal fibrosis. The main
pathogeneses of renal fibrosis after UUO are: (a)
interstitial macrophages infiltration, which produces
cytokines responsible for tubular apoptosis and
fibroblast proliferation and activation; (b) tubular cell
death by apoptosis and necrosis leading to the formation
of tubular atrophy; (c) phenotypic transition of resident
renal cells (3).

Perennial infiltration of inflammatory cells including
mast cells, T cells, and monocytes/macrophages, etc.
is one of the vital pathways that cause renal fibrosis
by providing the fibrotic microenvironment (4, 12-
14). Thereinto, macrophage infiltration makes a great
difference through two aspects. On the one hand,
profibrotic cytokines and growth factors released
from macrophages during the inflammation process
are capable of exacerbating renal fibrosis (15, 16).
Macrophages produce C-X-C chemokine receptor 3 and
monocyte chemoattractant protein 1 which promotes
myofibroblasts to generate extracellular matrix
proteins and participate in renal fibrosis subsequently
(15). Research demonstrated that macrophage-specific
Kriippel-like factor 4 deletion could exacerbate kidney
fibrosis with increased levels of collagen I (COL-I) and
a-smooth muscle actin (a-SMA) in the injured kidney
(17). On the other hand, macrophage to myofibroblast
transition (MMT) plays a key role in renal fibrosis (18).
These cells increased in the tubulointerstitial areas of
UUOkidneys contribute to progressive renal fibrosis with
~50% efficiency of cell transformation (3,12, 19). Astudy
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provided evidence that macrophages, predominantly
M2 phenotype, could directly transdifferentiate into
collagen-producing myofibroblasts, resulting in renal
fibrosis (18). Research verified that the MMT process
in the development of interstitial fibrosis was mediated
by transforming growth factor-/small mothers against
decapentaplegic 3 (TGF-$/Smad3) signaling (19). On a
more cautious note, findings show that suppressor of
cytokine signaling-3 (SOCS3), akey protein for mediating
the activity of inflammatory cytokines in macrophage
infiltration proceedings, expressed in both cytoplasm
and nucleus of primary human macrophages and SOCS3
protein was more up-regulated in acute, chronically
and granulomatously inflamed human tissues than in
corresponding normal tissues (20-23).

Previous studies have reported that proliferation
of interstitial fibroblasts derived from macrophage
transformation and non-transformed fibroblasts such
as myofibroblast may lead to abundant deposition of
the extracellular matrix and renal fibrosis (3, 24, 25),
and the accumulation of fibrotic markers, such as COL-I
and a-SMA are the main locally pathological features
in experimental animal models and patients with
obstructive nephropathy (4). Alpha-SMA, a marker of
activated fibroblasts, was up-regulated in fibrosis and
accumulation of COL-I increased in renal interstitium
(26). Reports have also shown that tissue inhibitors
of metalloproteinases (TIMPs) like TIMP2 played an
important role in maintaining the inner balance of the
extracellular matrix (27).

Verbascoside (a kind of phenylethanoid glycoside,
also known as acteoside or kusagin) is widely used in
traditional Chinese medicine and can be found in many
medicinal plantfamiliessuchas Verbenaceaeand Plantago
species (28-31). Recently, interest in verbascoside
has been growing due to its multiple biological
activities including antioxidant, anti-inflammatory,
neuroprotection, muscle atrophy relieving, and wound
healing along with anti-proliferative effects in cancer
(32). Researchers found that verbascoside was a weak
inhibitor for many cytochrome P (CYP) enzymes which
could be considered as an adjuvant during tuberculosis
treatment (33). Paola et al demonstrated that
verbascoside could exert an anti-inflammatory effect
in experimental periodontitis and ameliorate the tissue
damage caused by ligation periodontitis (32). It also has
been reported that verbascoside possesses potent anti-
osteoporotic properties (34). Remarkably, verbascoside
might be of benefit in suppressing the development of
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fibrosis in the liver by modulating pro-inflammatory
cytokine production (35).

However, whether verbascoside can mitigate the
degree of renal fibrosis is still not clear. Thus, the purpose
of this study is to elucidate the effect of verbascoside on
renal fibrosis and explore the underlying mechanism of
verbascoside affecting the kidney fibrosis of obstructive
nephropathy.

Materials and Methods

Animals

Twenty 6-8 week old, approximately 200 g pathogen-
free male Sprague-Dawley (SD) rats were purchased from
Chongqing Teng Xin Biotechnology Co., Ltd. (Chongging,
China). The rats were housed in the standard temperature
(21 °C £2 °C) and standard humidity (55%*2%) with
regular 12:12-hr light/dark cycles and allowed to have
free access to standard laboratory food and water.

Experimental design

UUO is a well-established experimental rodent
model that simulates the pathogenesis of obstructive
nephropathy in humans (3, 36-38). So, the UUO model
causing progressive renal fibrosis in rodents was used
in this study. All rats that underwent UUO surgery were
performed as previously described (3, 39, 40). The
animals were randomly divided into three groups: (a)
the sham-operated group in which rats underwent the
same procedure without the ligation of one ureter; (b)
the UUO group in which the rats’ left ureters were ligated
with 4-0 silk thread; (c) the treatment group in which
rats received intragastrical gavage of verbascoside (40
mg-kg! body weight per day (31, 41, 42), solubilized in
normal saline, pH 7.3, 0.154 mol-L?) for 14 consecutive
days after the postoperative day of UUO (Figure 1, n=6
or 7 rats per group). Rats from the sham-operation and
UUO group received normal saline. After the operation,
all animals were recovered in a heated environment
with an intelligent temperature metal bath and
returned to their cages. Two weeks following surgery or
treatment, each rat was placed in a metabolic cage one
day in advance to collect 24 hr urine before euthanizing
with an intraperitoneal injection of 1% chloral hydrate
solution, blood collected, and tissues perfused using
saline with heparin. The kidneys were harvested and
fixed in formalin fixative with 10% phosphate buffer
(Babio Biotechnology Co., Ltd., Jinan, China) bought for
histological analysis.

TR =)
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Figure 1. Research design of the rat experiment. The UUO model was established by ligating the rats’ left ureters with 4-0 silk thread at time 0. n
= 6 or 7 rats in each group. After the postoperative day of UUO, the rats were treated with verbascoside (40 mg-kg-1 body weight per day, ig) for
2 weeks. The sham rats and the UUO rats received solvent (normal saline, pH 7.3, 0.154 mol-L-1). Age-matched false-operated rats were used as

controls
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Biochemical examination

The urinary protein excretion rate was detected using
the 24-hr urine collected the day before sacrificing with
a protein estimation kit (BioAssay Systems, Hayward,
USA), and the serum separated from whole blood
samples by cardiac puncture at the time of sacrifice
was used to determine blood urea nitrogen and serum
creatinine concentration using the urea assay kit and
the creatinine assay kit, respectively (BioAssay Systems,
Hayward, USA). Three biochemical indexes were
calculated according to the manufacturer’s protocols.

Histopathological staining

Renal tissues fixed in formalin fixative were
embedded in paraffin and sliced into 4 pm thickness.
Deparaffinizing, rehydrating, and staining kidney
sections by hematoxylin and eosin (H&E, Boster
Biological Technology Co.Ltd, Wuhan, China) and
Masson’s Trichrome (Sigma-Aldrich, Merck KGaA,
Darmstadt, Germany) following proposed protocols.
Thereinto, the number of the total nucleated cell was
counted by H&E staining. Then the degree of renal
fibrosis was evaluated based on the amount of collagen
deposition (blue color area over the whole cortex area
by Masson’s Trichrome staining) in the renal interstitial
regions with Masson’s Trichrome staining and expressed
as a percentage of renal interstitial proportion relative
to the entire area using a computerized image analysis
system (Image-Pro Plus v 6.0). From each kidney, ten
random interstitial cortical pictures were captured at
400magnification using a high-resolution video camera
(Leica, Germany) connected to a light microscope (Leica
DM 300 LED).

Immunohistochemistry

Portions of kidney paraffin sections (4 um thickness)
were dewaxed in xylene and rehydrated in alcohol
gradient. Then they were blocked in 3% [w/v] hydrogen
peroxide (H,0,) for 10 min at room temperature to
eliminate endogenous enzymes. After boiling in antigen
retrieval solution for 15 min in a high-pressure cooker,
the sections were incubated overnight at 4 °C with
appropriate primary antibodies [a-SMA, COL-I, TIMP2,
F4/80*, CD68*(1:100 dilution), and SOCS3(1:200
dilution); Abcam, Cambridge, UK]. The antibody was
diluted using dilution [0.01 mol/l phosphate-buffered
saline (PBS) containing 1%[w/v] bovine serum albumin
(BSA)]. After washing with PBS, the secondary antibody
[rabbit anti-mouse immunoglobulin (Ig) G (1:200
dilution) for F4/80*, CD68* and goat anti-rabbit IgG
(1:200 dilution) for a-SMA, COL-I, TIMP2, and SOCS3
proteins; Abcam, Cambridge, UK] was applied for 2
hr at room temperature and incubated for 30 min in
37 °C thermostat-controlled water-bath. Finally, a 3,
3’-diaminobenzidine (DAB) kit (Beijing Zhongshan
Golden Bridge Biotechnology Co.Ltd. Beijing, China)
was used to visualize the signal. The sections were
then counterstained with hematoxylin, dehydrated,
and mounted with the mounting medium. Ten images
of each kidney at 400magnification were taken under
a Leica microscope. Image-Pro Plus image 6.0 analysis
software was used to calculate the protein levels of
a-SMA, COL-I, TIMP2, SOCS3, and then expressed
as mean density for these proteins (integral optical
density (I0D)/area). F4/80* and CD68* cell numbers
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were counted. The principle of randomized double-
blind control was followed to IHC image acquisition and
statistical analysis.

Statistical analysis

All values were expressed as mean * standard error
(SEM). Shapiro-Wilk normality test was applied to test
data distribution normality with statistical product
and service solutions (SPSS) software (version 22.0,
IBM Corp, Armonk, NY, USA). For comparisons between
groups with normally distributed data, statistically
significant differences were determined by using an
unpaired two-tailed Student’s t-test for categorical
variable comparisons with GraphPad Prism 6.0 package
(GraphPad Software, San Diego, CA, USA). The Mann-
Whitney test was used for comparisons between groups
with non-normally distributed variables. Pearson
coefficient was used to analyze the correlation between
two variables. P-value<0.05 was considered statistically
significant. The UUO group was compared with the
sham group and the UUO + Verbascoside (Verb) group
was compared with the UUO group when conducting
the differential analysis of pathological staining and
immunohistochemistry experiments.

Verbascoside UUO-induced  renal
dysfunction

To evaluate the efficacy of verbascoside in renal
fibrosis, the experimental UUO model was used in this
study, and verbascoside was given after ligaturing the
left ureter. Then serum creatinine, urea nitrogen, and
urinary protein excretion rate were detected to assess
the rats’ kidney function changes. Compared with the
sham-operated group, serum creatinine, urea nitrogen,
and urinary protein excretion rates were higher in
the UUO group (P<0.0001, P<0.0001, and P=0.0127,

respectively in Figure 2). However, the effect could be
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Figure 2 Renal function-related biochemistry indexes in each group of
rats. (a) Serum creatinine level. (b) Urea nitrogen level, and (c) Urinary
protein excretion rate. The UUO model was established by ligating the
rats’ left ureters with 4-0 silk thread, and on the postoperative day of
UUO, animals were administered with verbascoside by intragastrical
gavage for two weeks. Values are represented as means * standard
error (SD); n=6 or 7 rats per group. Mann-Whitney U test was used
for two-group comparisons of Serum creatinine, and two-tailed
student’sStudent’s t-test was used for single two-sample comparisons
of Ureaurea nitrogen and Urinaryurinary protein excretion raterates.
Verb: verbascoside. *P<0.05; **P<0.01

Iran ] Basic Med Sci, Vol. 24, No. 6, Jun 2021



Effect of verbascoside on renal fibrosis in UUO rats IJ

Zhang et al.

=3

P=0.0095 P=0.0012

.s
48—
—3 T

ZEE

1

E

Totel nuclear cell numbers

& N >
& O S
& & I

P=0.0286 P=0.0155

Masson

Figure 3. Renal histopathology change in all groups. (a) Paraffin
sections of kidney tissues from sham/UUO model/ UUO + Verb
rats were stained with H&E and Masson's trichrome. Original
magnification, 400x. Scale bars, 100 pum. (b) Bar graph of the total
nuclear cell calculated by HE staining. (c) Percentage of the fibrotic
area by Masson's trichrome staining. All values are presented as SEM.
n=6 or 7 rats in each group. Mann-Whitney U test was used for single
two-sample comparisons. Verb: verbascoside. *P<0.05;, **P<0.01

significantly relieved with verbascoside treatment
(P=0.0352, P=0.0464, and P=0.0034, respectively, Figure
2).
Verbascoside modified UUO-induced  renal
pathological alterations
Toverifywhetherthetherapeuticeffectofverbascoside
on renal pathological changes was in accordance
with biochemical examination results, pathological
staining of kidney tissue was performed. H&E staining
indicated renal pathological alterations such as tubular
dilatation, and loss of brush border in UUO rats was
alleviated after treatment with verbascoside (Figure
3a). Moreover, Masson’s trichrome staining of kidney
tissues showed that UUO surgery significantly increased
the deposition of collagen fibrils compared with sham-
operated rats (Figures 3a and c, P=0.0095). Then with
verbascoside treatment, accumulation of collagen fibrils
(semi-quantitative as percentage of the fibrotic area)
was reduced (Figures 3a and c, P=0.0159). In addition,
the total nucleated cells highly expressed in UUO rats
(Figure 3b, P=0.0286), which meant unconventional
cell appearance in the kidney tissue was reduced after
treating with verbascoside (Figure 3b, P=0.0012).

Verbascoside ameliorated macrophage infiltration in
the kidney

Macrophages are some of the main infiltration cells
in the process of inflammation progress and renal
fibrosis (43, 44). The assumption was that infiltration of
macrophages might be related to the augment of the total
nucleated cells. Therein, typical macrophages (F4/80*and
CD68* positive cells) were tested in this study to verify the
hypothesis and to evaluate the effects of verbascoside on
renal macrophage infiltration in UUO rats. As shown in the
immunohistochemical images, typical macrophages were
found in the tubulointerstitium which was consistent with
the hypothesis (Figure 4a). The expressions of F4/80* and
CD68* positive cells in UUO rats were significantly higher
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Figure 4. Macrophage infiltration levels in the kidney of different
experimental groups. (a) Expression of F4/80+ and CD68+ cells
by immunohistochemistry. Original magnification, 400x. Scale
bars, 100 um. (b) Bar graph of F4/80+ cell count calculated by
immunohistochemistry. (c) Bar graph of CD68+ cell count. All
values are presented as SEM. n=6 or 7 rats per group. Two-tailed
student’sStudent’s t-test was used for single two-sample comparisons.
Verb: verbascoside. *P<0.05; **P<0.01

compared with the sham group (P=0.0004 and P<0.0001,
respectively, Figures 4a-c). While after two weeks of
treatment with verbascoside, the numbers of F4/80* and
CD68* positive cells in the kidney decreased significantly
(P=0.0012 and P=0.0003, respectively, Figure 4).

Verbascoside attenuated renal fibrosis in UUO rats

To detect the fibrosis changes in UUO rats, the
expression levels of fibrotic proteins (a-SMA, COL-I, and
TIMP2) were determined using immunohistochemical
staining. Results showed that relatively high-intensity
staining of a-SMA, COL-I, and TIMP2 was observed in
UUO rats, in comparison with the sham-operated rats
(Figure 5a). And the calculated data also showed the
expressions of these proteins up-regulated significantly
(P=0.0003, P=0.0238, and P=0.0357, respectively,
Figures 5b-d). After treatment, these three protein
expressions were reduced (P<0.0001, P=0.0022, and
P=0.0159, Figure 5).

Macrophage infiltration was positively related to
fibrotic proteins.

Pearson’ correlation analysis was used to assess the
associations among the fibrotic-related proteins or
positive stain cells. [t was found that macrophage-related
markers (F4/80*and CD68*) positively correlated with
two fibrotic proteins (COL-I, TIMP2), respectively
(P=0.0071, r=0.8177, n=9; P=0.0193, r=0.7183, n=10;
P=0.0500, r=0.6021, n=11 and P=0.0194, r=0.6605,
n=12, respectively, Figures 6b-e). Furthermore, F4/80*
and CD68* positive cells were correlated with each
other (P<0.0001, r=0.9238, n13, Figure 6a) yet COL-I
and TIMP2 were also correlative (P=0.0003, r=0.8470,
n=13, Figure 6f). And the expression of a-SMA protein
was related to COL-I and TIMP2 proteins (P=0.0031,
r=0.9219,n=7and P=0.0179,r=0.8405,n=7, respectively,
Figures 6g, h).

Verbascoside reduced the expression of SOCS3 protein
Findings show that SOCS3 is a key protein for
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Figure 5. a-SMA, COL-I, and TIMP2 protein levels in the kidney of
different experimental groups. (a) Expression of a-SMA, COL-I, and
TIMP2 protein by immunohistochemistry. Original magnification,
400x. Scale bars, 100 um. (b) Bar graph of a-SMA protein expression
level. (c) Bar graph of COL-I protein expression level. (d) Bar graph
of TIMP2 protein expression level. All values are presented as SEM.
n=6 or 7 rats per group. Two-tailed student’sStudent’s t-test was used
for single two-sample comparisons of a-SMA protein and the Mann-
Whitney U test was used for two-group comparisons of COL-I and
TIMP2 proteins. Verb: verbascoside. *P<0.05;, **P<0.01

reducing the activity of inflammatory cytokines in
macrophage infiltration proceedings (19-22, 45).
Therefore, to investigate whether SOCS3 participated
in the process of renal fibrosis in UUO rats with
macrophage infiltration, SOCS3 protein was detected
using immunohistochemistry. The results showed that
the expression level of SOCS3 protein was significantly
increased in the UUO group compared with the sham-
operation group while the up-regulation was reduced
after verbascoside treatment (P=0.0003 and P=0.0324,
respectively, Figures 7a, b). SOCS3 protein level
positively correlated with F4/80" and CD68* positive
cell count (P<0.0001, r=0.9344, n=10 and P<0.0001,
r=0.9348, n=11, respectively, Figures 7c, d) while there
was no correlation between SOCS3 and fibrosis-related
proteins (a-SMA, COL-I, TIMP2) directly.

Discussion

Renalfibrosisresulting from obstruction ofthe urinary
tract is a common issue in obstructive nephropathy
patients (2, 46, 47). Major cellular events of renal
fibrosis include: (a) inflammatory cell infiltration, (b)
activation and expansion of fibroblasts from diversified
sources, (c) production and deposition of large amounts
of extracellular matrix (ECM) components (48).
the present study, we found that expression of COL-],
a-SMA, and TIMP2 proteins, and numbers of nucleated
cells deposited in the kidney of UUO rats by comparison
with the sham-operated rats increased. Moreover,
H&E staining indicated renal pathological alterations
such as tubular dilatation and loss of brush border in
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Figure 6. Correlation analysis of macrophage markers and fibrotic
proteins. (a) CD68+ cells had a positive relation with F4/80+ cells.
(b) CD68+ cell number was positively associated with COL-I protein.
(c) CD68+ cell number was positively related to TIMP2 protein. (d)
F4/80+ cell number was positively associated with COL-I protein. (e)
F4/80+ cell number had a positive relation with TIMP2 protein. (f)
TIMP2 protein and COL-I protein had a positive relation. (g) COL-I
protein was positively associated with a-SMA protein. (h) TIMP2
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Figure 7. SOCS3 protein expression level in the kidneykidneys of
different experimental groups. (a) Expression of SOCS3 protein by
immunohistochemistry. Original magnification, 400x. Scale bars, 100
um. (b) Bar graph of SOCS3 protein expression level. (c) SOCS3 protein
was positively related to CD68+ cell number. (d) SOCS3 protein was
positively associated with F4/80+ cell number. (e) The network of
Correlationcorrelation analysis. +: a positive correlation. All values
are presented as means+SD. n=6 or 7 rats in each group. Two-tailed
student’sStudent’s t-test was used for single two-sample comparisons.
Verb: verbascoside. *P<0.05;, **P<0.01
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UUO rats, and Masson’s trichrome staining of kidney
tissues showed that UUO surgery significantly increased
the deposition of collagen fibrils. These results were
consistent with the previous study (16).

Some Chinese herbal medicines could ameliorate the
pathological changes mentioned above, though effective
treatment has not been confirmed. Wang et al. provided
evidence that Cryptotanshinone, a bioactive constituent
isolated from the Chinese herb Salvia miltiorrhiza,
could ameliorate kidney fibrosis by improving tubular
expansionandinfiltrated inflammatory cellsbyinhibiting
the TGF-f1/Smad3/integrin 1 signaling pathway
(49). Hosseinian et al. described that Thymoquinone,
a biologically active component of Nigella sativa Linn
could alleviate renal interstitial fibrosis in rats with
UUO (36). A study explained that petchiether A, a novel
small-molecule meroterpenoid from Ganoderma, could
attenuate obstructive nephropathy by suppressing
TGF-B/Smad3 and nuclear factor kappa-B (NF-kB)
signaling (4). Yet so far, there is no report about the
effect of verbascoside on renal fibrosis.

Verbascoside is one of the most well-characterized
phenylethanoid glycosides (50, 51). It has been reported
that verbascoside had effects like scavenging biological
free radicals, metal chelating activities, cell protection of
oxidants, inhibiting lipid peroxidation, and enhancing
endogenous antioxidant defense (52). Researchers
proved that glioblastoma cell proliferation, glioblastoma
tumor volume, and growth were decreased in a
xenograft mouse model treated with verbascoside (53).
A study demonstrated that verbascoside had potential
therapeuticvalueforParkinson’sdiseasebyactivatingthe
nuclear factor erythroid 2-related factor/anti-oxidation
reaction element (Nrf2/ARE) signaling pathway (54).
Most importantly, a study verified that verbascoside had
the functions of suppressing the expression of TGF-1
in the development of hepatic fibrosis and played a role
in hepatoprotective consequently (35). In this study, we
found that after treating the UUO rats with verbascoside
for fourteen continuous days, these kidney pathological
alternations such as tubular dilatation, loss of brush
border, and increase of total nucleated cells in the model
rats were relieved, which implied that verbascoside was
capable of modifying renal pathology changes resulting
from UUO. Furthermore, the biomedical examination
results indicated that verbascoside might ameliorate the
renal dysfunction resulting from UUO. After analyzing
the expression levels of the fibrosis-related proteins
including COL-I, a-SMA, and TIMP2 in the kidney tissues,
we found that these proteins’ expression levels were up-
regulated in the UUO group while up-regulation was
relieved in the verbascoside treatment group which
indicated that renal fibrosis resulting from UUO could
be attenuated by verbascoside treatment.

Macrophage infiltration in the kidneys has been
considered to play a pivotal role in the development
of interstitial fibrosis induced by UUO (4, 43, 55). A
study suggested that verbascoside could interfere with
progressive glomerulonephritis through suppression
of the leukocyte accumulation in the glomeruli in rats
(56). The results of F4/80* and CD68* positive cells
detected in this study demonstrated that both typical
macrophage markers expressed higher in model
rats while they were relieved after verbascoside
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treatment, suggesting that verbascoside was capable of
ameliorating macrophage infiltration significantly. More
importantly, the correlation analysis result indicated
that the infiltration of F4/80* and CD68* macrophages
positively correlated with fibrotic proteins. Therefore,
macrophage infiltration was likely to play a key role in
kidney fibrosis.

Of particular note, findings show that SOCS3, a well-
known feedback marker of the Janus kinase/signal
transducers and activators of transcription (JAK/STAT)
signaling pathway, mediates the signal transduction of
many cytokines, and Pedroso et al. proved that SOCS3
played a significant role in regulating the activity
of inflammatory cytokines during the infiltration
of macrophages (22, 45, 57, 58). By detecting the
expression of SOCS3 protein, we found that compared
with the sham-operated rats, SOCS3 protein was up-
regulated in UUO rats while the up-regulation was
relieved after treatment with verbascoside. Correlation
analysis showed that SOCS3 level was positively related
to F4/80* or CD68* positive cell count. These results
demonstrated that SOCS3 protein could directly mediate
the process of macrophage infiltration, although how
the SOCS3 protein regulates macrophage infiltration
needs to be investigated.

Conclusion

In this study, we found that verbascoside could
improve UUO-induced renal dysfunction by relieving
serum creatinine, urea nitrogen, and urinary protein
excretion rates. Besides, verbascoside could ameliorate
macrophage infiltration and alleviate the degree of renal
fibrosis consequently. These results suggested that
verbascoside would be a promising therapeutic drug
candidate for obstructive nephropathy resulting from
renal fibrosis.
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