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inhibition of inflammation mediated by NF-kB and TGF-b1/Smad
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a b s t r a c t

Background: The decreased renal function is known to be associated with biological aging, of which the
main pathological features are chronic inflammation and renal interstitial fibrosis. In previous studies,
we reported that total saponins from Panax japonicus (SPJs) can availably protect acute myocardial
ischemia. We proposed that SPJs might have similar protective effects for aging-associated renal inter-
stitial fibrosis. Thus, in the present study, we evaluated the overall effect of SPJs on renal fibrosis.
Methods: Sprague-Dawley (SD) aging rats were given SPJs by gavage beginning from 18 months old, at
10 mg/kg/d and 60 mg/kg/d, up to 24 months old. After the experiment, changes in morphology, function
and fibrosis of their kidneys were detected. The levels of serum uric acid (UA), b2-microglobulin (b2-MG)
and cystatin C (Cys C) were assayed with ELISA kits. The levels of extracellular matrix (ECM), matrix
metalloproteinases (MMPs), tissue inhibitors of metalloproteinases (TIMPs), inflammatory factors and
changes of oxidative stress parameters were examined.
Results: After SPJs treatment, SD rats showed significantly histopathological changes in kidneys
accompanied by decreased renal fibrosis and increased renal function; As compared with those in 3-
month group, the levels of serum UA, Cys C and b2-MG in 24-month group were significantly
increased (p < 0.05). Compared with those in the 24-month group, the levels of serum UA, Cys C and b2-
MG in the SPJ-H group were significantly decreased. While ECM was reduced and the levels of MMP-2
and MMP-9 were increased, the levels of TIMP-1, TIMP-2 and transforming growth factor-b1 (TGF-b1)/
Smad signaling were decreased; the expression level of phosphorylated nuclear factor kappa-B (NF-kB)
was down-regulated with reduced inflammatory factors; meanwhile, the expression of nuclear factor
erythroid 2-related factor 2-antioxidant response element (Nrf2-ARE) signaling was aggrandized.
Conclusion: These results suggest that SPJs treatment can improve age-associated renal fibrosis by
inhibiting TGF-b1/Smad, NFkB signaling pathways and activating Nrf2-ARE signaling pathways and that
SPJs can be a potentially valuable anti-renal fibrosis drug.
� 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Clinically, in patients with chronic kidney disease, their renal
function is decreased with age and is frequently accompanied by
structural changes in their kidneys [1]. Renal fibrosis is a primary
impairment in age-associated, progressive renal disease [2], which
imposes a heavy economic burden. Treatment of end-stage kidney
disease usually costs about 2e3% of the annual health-care budget
in developed countries. Worldwide, the total cost for treating the
milder forms of chronic renal disease is higher than that for treating
end-stage kidney disease. For instance, more than 64 billion and 34
billion U. S. dollars were spent on chronic and end-stage kidney
disease, respectively, frommedicare expenditures in USA in 2015. A
large proportion of the expenditure, morbidity and mortality that
were previously attributed to such chronic diseases as hypertension
and diabetes are actually attributable to kidney disease and its
complications [3]. The cellular mechanisms underlying age-
associated renal fibrosis are very intricate, encompassing senes-
cence, oxidative stress and inflammation etc [4]. Therefore, to
discover and develop effective treatment strategies is of practical
significance for appropriate adjustment in age-associated renal
fibrosis.

The characteristic of renal fibrosis is progressive accumulation
of extracellular matrix (ECM) proteins. At the same time, matrix
metalloproteinases (MMPs), the multifunctional enzymes, can lyse
basement membrane and ECM components. The activities of
various MMPs can be regulated by a variety of mechanisms, such as
inhibition of tissue inhibitors of metalloproteinases (TIMPs) [5,6].
Increasing body of evidence has indicated that transforming
growth factor-b (TGF-b) signaling plays an important role in renal
fibrosis. TGF-b1 is believed to be a key intermediary of renal fibrosis
by activating the downstream Smad signaling pathway [7,8]. TGF-
b1 is involved in initiation of renal fibrosis. Furthermore, ECM,
MMPs and TIMPs further also participate in this process, together,
their imbalance and malfunctions lead to renal fibrosis.

Chronic inflammation is a major risk factor contributing to the
gradual development of renal fibrosis. Nevertheless, aging-
associated chronic inflammation is characterized by several char-
acteristics, including immune system disorders and increased
oxidative stress. Thereinto, maladjustment of immune system is the
main factor causing increased inflammation during the aging pro-
cess [9,10]. The currently available evidence strongly suggests that
chronic up-regulation of nuclear factor Kappa B (NF-kB) induced by
maladjustment of immune system stimulates the expression of
pro-inflammatory factors, such as tumor necrosis factor-a (TNF-a),
interleukin-1b (IL-1b), monocyte chemoattractant protein-1 (MCP-
1), IL-6, cyclooxygenase-2 (COX2) and inducible nitric oxide syn-
thases (iNOS), during the aging process. In inactive state, NFkB
protein is present in cytoplasmwhere it binds to inhibitor of NF-kB
(IkB) protein; under stress, IkB protein is degraded, then NF-kB
protein is released and transported into the nucleus withinwhich it
binds to the consensus kB DNAmotif of promoters and enhancers of
target genes, initiating the inflammatory responses [11e13].
Furthermore, oxidative stress is also one of the mechanisms
participated in the occurrence and development of age-associated
renal fibrosis. Excessive reactive oxygen species (ROS) play a
crucial part in a high level of oxidative stress. ROS, including
hydrogen peroxide (H2O2), hydroxyl radicals, and superoxide an-
ions, are produced in normal cell oxidative metabolism as well as
malondialdehyde (MDA) and lipid peroxides (LPO), which are the
products of membrane lipid peroxidation [14]. The activities of a
number of antioxidant enzymes, including catalase (CAT), super-
oxide dismutase (SOD), glutathione-peroxidase (GSH-PX), and the
levels of non-enzymatic antioxidants, such as glutathione (GSH),
are associated with the regulation of production/degradation of

ROS [15]. Furthermore, nuclear factor erythroid 2-related factor 2
(Nrf2) can be directly bound to antioxidant response element (ARE)
and is involved in conditioning of oxidative stress in cells through
the Nrf2-ARE pathway [16].

Saponins is a class of phytochemicals present in various plant
species, including Panax japonicus (P. japonicus). And the saponins
and non-saponins in ginseng have important medicinal value [17].
The main components of SPJs include Ginsenoside Re, panax japo-
nicus V, panax japonicusⅣ, panax japonicusⅣa and panax japonicus
2. It has been reported that SPJs was capable of inhibiting car-
diomyocyte apoptosis by AMP-activated protein kinase/Sirtuin 1/
NF-kB (AMPK/Sirt1/ NF-kB) signaling pathway in aging rats [18]
and attenuating age-related neuroinflammation through regulating
the mitogen-activated protein kinase (MAPK)/ NF-kB signaling
pathways [19]. We found previously that SPJs could effectively
inhibit inflammatory responses in myocardial tissue and the
oxidative stress in brain tissue [20,21]. Thus, we hypothesized that
SPJs might also have the similar effects on inhibiting inflammatory
responses in kidneys. In present study, we monitored changes in
morphology, function, oxidative stress, inflammation and the
improvement of renal fibrosis of kidney tissues of the naturally
aging rats after being treated with SJPs. Meanwhile, we also
detected the underlying mechanisms by examining changes in the
expression levels of the key genes involved in TGF-b/Smad, NF-kB
and Nrf2-ARE signaling pathways.

2. Materials and methods

2.1. Rats and administration with SPJs

In this research, a total of 48 naturally aging male Sprague
Dawley (SD) rats were obtained from Laboratory Animal Centre of
China Three Gorges University (Hubei, China). They were randomly
divided into four groups: 3-month group (n¼ 12), 24-month group
(n ¼ 12), 24-month low-dose of SPJ group (SPJ-L) (n ¼ 12) and 24-
month high-dose of SPJ group (SPJ-H) (n ¼ 12). The experimental
rats were separately maintained in cages with greenhouses
(22 � 2)�C, humidity (60 � 5)%, and a 12h light-12h dark cycle. All
animal experiments were complied with the Experimental Animal
Operating Standards of China Three Gorges University and were
approved by the Ethics Committee of this university.

The roots of P. japonicas were purchased from Enshi Chun-
muying Medicinal Materials Planting Base (Enshi, Hubei, China),
and total saponinswere extracted from the roots of P. japonicaswith
the extraction method of SPJs based on our previous research [22].

SPJs were dissolved in 1% sodium carboxymethyl cellulose just
before use. According to the preliminary experiment, rats in SPJ-L
group (10mg/kg/d) and SPJ-H group (60mg/kg/d) were adminis-
trated with SPJs at the indicated doses by gavage beginning from
the 18th month to the 24th month. In addition, rats in 3-month
group (3-M) (orally, continuously for 3 months) and in 24-month
(24-M) group (orally, continuously for 6 months) were given with
1% sodium carboxymethyl cellulose as the vehicle.

2.2. Histopathologic evaluation

In each group, 6 rats were anesthetized by intraperitoneally
injecting 4% chloral hydrate (300 mg/kg body weight) and then
perfused with 4% paraformaldehyde in 0.1M phosphate buffered
saline (PBS) (pH7.4). After fixation with 4% paraformaldehyde in
0.1M PBS, the isolated renal tissues were conventionally embedded
in paraffin. Paraffin sections of renal tissue (5mm) were dewaxed
with xylene and dehydrated with gradient ethanol, then stained
with hematoxylin and eosin (H&E). Changes in renal pathological
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parameters were visualized with the light microscope (Olympus,
BX61, Japan).

2.3. Masson’s trichrome staining

The tissue slices of the same kidney samples as those used for
histopathologic evaluation were stained with Masson’s trichrome
and the collagen deposition in kidneys was analyzed. The operation
was carried out according to the instructions of Masson’s trichrome
staining kit (Beyotime Institute of Biotechnology, China). By using
Image Pro Plus6.0 Image software, blue stained areas were quan-
titatively analyzed. Twenty different fields of vision were stochas-
tically chosen from each section, and blue area of fiber was taken as
the positive staining. The ratio of the positive area to the total field
of vision was used as the renal fibrosis index.

2.4. Enzyme-linked immunosorbent assay (ELISA)

Blood samples of 6 rats in each group were collected. After
centrifugation at 4�C at 1000 rpm for 5 min, serum samples were
cryopreserved at �80�C. The levels of serum uric acid (UA), b2-
microglobulin (b2-MG) and cystatin C (Cys C) were detected with
corresponding ELISA kits by following the manufacturer’s in-
structions. The ELISA kits (catalog numbers: SY-UA0111, SY-b2-
MG0512, and SY-Cys-C0329) of rats were obtained from Shanghai
Win-win Biotechnology co., LTD.

2.5. Detection of oxidative stress indexes

Renal tissues were homogenized with 10% (w/v) frozen 0.1M
PBS (pH 7.4), and then centrifuged at 4�C and 3500 rpm for 15 min.
Supernatants were gathered and subsequently used to detect the
indexes of oxidative stress. The levels of MDA, GSH, LPO, GSH-PX,
SOD and CAT were assayed by spectrophotometry through
following instructions of the corresponding kits (catalog numbers:
A003-1-2, A006-2-1, A106-1-3, A005-1-2, A001-3-2, and A007-1-
1) purchased from Jiancheng Bioengineering Institute (Nanjing,
Jiangsu, China).

2.6. Immunohistochemistry analysis

The renal tissue slices from the same kidney samples as those
used for histopathologic evaluation were also taken for analyzing
immunohistochemical staining. All the sections of kidney (4mm)
were deparaffinized by xylene, hydrated by gradient ethanol, and
incubated with 0.01M citrate buffer (pH 6.0) for antigen retrieval;
then slices were soaked in 3% H2O2 to inactivate activity of
endogenous peroxidase and blocked using 5% bovine serum albu-
min (BSA) at 25�C room temperature. Afterwards, sections were
incubated at 4�C overnight by using primary antibodies specific for
a-SMA (Santa Cruz Biotechnology, sc-53142, 1:500) and Vimentin
(Santa Cruz Biotechnology, sc-6260, 1:500). After being washed
with PBS buffer, slices were immediately incubated with corre-
sponding secondary antibodies at room temperature for 1 h. After
adding freshly prepared diaminobenzidine (DAB), they were
counterstained with hematoxylin, differentiated with hydrochloric
acid alcohol, dehydrated with gradient ethanol, and trans-
parentized with xylene. Finally, the positive expression of tan was
visualized under the microscope. Ten different fields were casually
picked from each slice, and relative positive staining area was ac-
quired by Image Pro Plus6.0.

2.7. Analysis of mRNA levels of target genes with quantitative real
time PCR (qRT-PCR)

Total RNAwas extracted from renal tissues with TRIZOL reagent.
Integrity was detected by running RNA samples on 1.2% agarose gel
after DNase treated. The template cDNA was obtained by reverse
transcription of 2 mg total RNA. qRT-PCR reactionwas carried out as
follows: initial reaction was at 95�C for 10 min, then they were
performed for 40 cycles of 95�C for 15 sec and 60�C for 1 min. Next,
the relative expression levels of gene were calculated with 2�DDCt

method, by using GAPDH as an internal control. Specific primer
sequences targeting Nrf2, TGF-b1, Smad2, Smad3, Smad4, heme
oxygenase-1 (HO-1), NAD(P)H dehydrogenase [quinone] 1 (NQO1),
TIMP1, TIMP2, MMP2, MMP9, fibronectin, collagen I, collagen III,
collagen IV, TNF-a, IL-1b, and IL-6 with qRT-PCR analysis were
shown in Table 1.

2.8. Analysis of protein expression levels of target proteins with
Western blot

The collected renal tissues were homogenized with RIPA buffer.
The homogenate was centrifugated at 4�Cat 12000 rpm for 15 min
and the supernatant was saved for subsequent analysis. The 50 mg
denatured proteins were isolated by running on sodium dodecyl
sulfate poly-acrylamide gel electrophoresis (SDS-PAGE) and shifted
to polyvinylidene difluoride (PVDF) film. Films containing proteins
were soaked in 5% milk for 1h and then incubated at 4�C overnight
with corresponding primary antibody. The sources and dilutions for
antibodies for the target proteins, including anti-collagen-I, anti-
collagen-III, anti-collagen-V, anti-MMP2, anti-MMP9, anti-TIMP1,
anti-TIMP2, anti-TGF-b1, anti-Smad 2/3, anti-Smad 4, anti-IL-6,
anti-IL-1b; anti-TNF-a, Anti-phosphoeNFekB, antieNFekB; Anti-
phospho-IkB, anti-IkB, anti-Nrf2 , anti-HO1, anti-NQO1 and anti-b-
actin, were listed in Table 2. After being washed with tris-buffered
saline and Tween 20 (TBST) buffer for 3 times, target protein bands
were detected by incubating with corresponding secondary anti-
body at 25oC room temperature for 1h; lastly, protein bands were
displayed with electrochemiluminescence (ECL) reagent after
washed. Images were acquired with Image-pro Plus 6.0. The
expression level of each proteinwas individually normalized to that
of b-actin and expressed as the fold changes in relative to the
corresponding control.

Table 1
The primer sequences used for real-time PCR

Gene Forward primer (50-30) Reverse primer (50-30)

Nrf2 gacctaaagcacagccaacacat ctcaatcggcttgaatgtttgtc
TGF-b1 tgcgcttgcagagattaaaa agccctgtattccgtctcct
Smad2 aacccgaatgtgcaccataagaa gcgagtctttgatgggtttacga
Smad3 ccccagagcaatattccaga tgtgaagcgtggaatgtctc
Smad4 aaggcctagcaccaccttag agccttaaactctgacctgt
HO-1 tgtcccaggatttgtccgag actgggttctgcttgtttcgct
NQO1 ggggacatgaacgtcattctct agtggtgactcctcccagacag
TIMP1 gggcttcaccaagaccta gaagaaagatgggagtggg
TIMP2 ccaaagcggtcagtgaga tggtgcccgttgatgttc
MMP2 acctggatgccgtcgtggac tgtggcagcaccagggcagc
MMP9 cgctgggcttagatcattcc ttgtcggcgataaggaagg
Fibronectin gactcgctttgacttcaccac tccttcctcgctcagttcgt
Collagen I actcagccgtctgtgcctca ggaggcctcggtggacatta
Collagen III aagggcagggaacaactgat gtgaagcagggtgagaagaaac
Collagen IV ccgggatttactggaccacc cccttgctctcccttgtca
TNF-a tgctctgtgaggcgactgg gggctctgaggagtagacgataaag
IL-1b ggaaacagcaatggtcggg gacttggcagaggacaaaggc
IL-6 caacttccaatgctctcctaatgg tgccgagtagacctcatagtgacc
GAPDH aactttggcattgtggaagg acacattgggggtaggaaca
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2.9. Statistical analysis

All data were expressed as mean � standard deviation, and
experimental datum was analyzed and processed by SPSS13.0,
image-pro Plus6.0 software. The significant difference in the mean
value between groups was testedwith one-way analysis of variance
(ANOVA); and p < 0.05 indicated that the difference between
groups was statistically significant.

3. Results

3.1. Effects of SPJs on kidney morphology and function in aged rats

H&E staining showed that as compared with that in the 3-M
group, in the 24-M group, some renal tubules of kidney were
atrophic; compensatory dilatation appeared in the adjacent blood
tubules; infiltration of inflammatory cells was observed in the
surrounding mesenchyme; and protein casts showed up in some
renal tubules. However, compared with the naturally aging group
(24-M group), in both the SPJ-L and SPJ-H groups, the number of
atrophied renal tubules, the number of inflammatory cells in the
surrounding stroma and the protein casts in the renal tubules were
reduced; and the morphological structures were improved
(Fig. 1A). Masson’s staining indicated that renal tubules, cytoplasm
of interstitial cells and muscle fibers in the kidney were all stained
in red, and the collagen fibers were blue. As compared with the 3-M
group, renal collagen fibers of 24-M group were markedly
increased. While compared with those of the 24-M group, renal
collagen fibers of both SPJ-H and SPJ-L groups were significantly
reduced (Fig. 1A and B). As compared with those in 3-M group, the
levels of serum UA, Cys C and b2-MG in 24-M group were

Table 2
Antibodies, sources and dilutions used in this study

Name of
antibody

Source/Cat. # Dilutions Method

Anti-
Fibronectin

Abcam/ab45688 1:500 Immunostaining

Anti-a-SMA Santa Cruz Biotechnology/sc-53142 1:500 Immunostaining
Anti-

Vimentin
Santa Cruz Biotechnology/sc-6260 1:500 Immunostaining

Anti-
collagen-I

Abcam/ab90395 1:1000 Western blot

Anti-
collagen-III

Santa Cruz Biotechnology/sc-514601 1:500 Western blot

Anti-
collagen-IV

Abcam/ab6586 1:1000 Western blot

Anti-MMP2 Abcam/ab37150 1:1000 Western blot
Anti-MMP9 Abcam/ab38898 1:2000 Western blot
Anti-TIMP1 Abcam/ab61224 1:1500 Western blot
Anti-TIMP2 Abcam/ab180630 1:1000 Western blot
Anti-TGF-b1 Abcam/ab92486 1:1000 Western blot
Anti-Smad 2/

3
Santa Cruz Biotechnology/sc-398844 1:1000 Western blot

Anti-Smad 4 Santa Cruz Biotechnology/sc-1909 1:1000 Western blot
Anti-IL-6 Santa Cruz Biotechnology/sc-57315 1:500 Western blot
Anti-IL-1b Abcam/ab9722 1:1000 Western blot
Anti-TNF-a Santa Cruz Biotechnology/sc-52746 1:500 Western blot
Anti-Phospho

eNFekB
cell signaling/No:6956 1:500 Western blot

AntieNFekB Santa Cruz Biotechnology/sc-365568 1:500 Western blot
Anti-

phospho-
IkB

Abcam/ab12135 1:500 Western blot

Anti-IkB cell signaling/No:4812 1:1000 Western blot
Anti-Nrf2 Abcam/ab137550 1:1000 Western blot
Anti-HO1 Abcam/ab3243 1:1000 Western blot
Anti-NQO1 Abcam/ab28947 1:1000 Western blot
Anti-b-actin Santa Cruz Biotechnology/sc-47778 1:1000 Western blot

A

B C

Fig. 1. Effects of SPJs on renal morphology and function in aging rats. (A) Representative images of H&E and Masson’s trichrome stain of renal tissue (200�); (B) Average
percentage of positive Masson’s trichrome stained area (blue); and (C) The serum levels of UA, b2MG, and Cys C were determined using ELISA. Data in (B) and (C) are expressed as
mean � SD, *p < 0.05, n ¼ 6.
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Fig. 2. Effects of SPJs on the expression levels of Collagen I, Collagen III, Collagen IV, Fibronectin and a-SMA in the renal tissue of aging rats. The mRNA expression level of
Collagen I(A), Collagen III (B) and Collagen IV(C) were shown. (D), (E) Representative results of Western blot and quantitative analysis with antibodies against Collagen I, Collagen III
and Collagen IV. b-actin was used as an internal control for normalization of protein loading. SPJs affected protein expression levels of Fibronectin (F) and a-SMA (G) in the renal
tissue of aging rats as detected by immunohistochemistry (400�). (H) The quantitative analysis on protein expression levels (positive areas) of fibronectin and a-SMA in the kidneys.
(K) The relative mRNA expression levels (folds) of Fibronectin and a-SMA in the kidneys. All the experiments were performed in triplicate. Data in (E), (H) and (K) are expressed as
mean � SD, *p < 0.05, n ¼ 6.
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observably increased (p < 0.05). Compared with those in the 24-M
group, the levels of serum UA, Cys C and b2-MG in the SPJ-H group
were significantly decreased (p < 0.05) (Fig. 1C).

3.2. Effects of SPJs on expression levels of Collagen I, Collagen III and
Collagen IV in renal tissues of aging rats

The results of Masson’s staining described above showed that
SPJs could significantly inhibit renal fibrosis associated with the
natural senescence. Because deposition of ECM is the main feature
of renal fibrosis, and Collagen I, Collagen III and Collagen IV are the
major components of ECM, we next examined the effects of SPJs on
the expression levels of collagen in renal tissues of aging rats. The
mRNA expression levels of Collagen I (Fig. 2A), Collagen III (Fig. 2B),
Collagen IV (Fig. 2C) and their corresponding protein levels (Fig. 2D
and E) in the renal tissues of rats in the 24-M group were
dramatically higher than those in the 3-M group (p < 0.05). As
compared with those in the 24-M group, the expression levels of
the corresponding genes at both mRNA and protein levels were all
signally reduced (p < 0.05) in the renal tissues of rats in both SPJ-L
and SPJ-H groups (Fig. 2).

3.3. Effects of SPJs on expression levels of fibronectin and a-SMA in
kidney tissues of aged rats

Fibroblasts in the renal stroma are the primary producer of
Collagen I, Collagen III and Collagen IV. Both fibronectin and a-SMA
are the major hallmarks of fibroblast activation. Therefore, the ef-
fects of SPJs on the expression levels of Fibronectin and a-SMA in
renal tissues of aging rats were examined. The results showed that
protein expression levels (Fig. 2FeH) and mRNA expression levels

(Fig. 2K) of Fibronectin and a-SMA in the renal tissues of rats in 24-
M group were significantly increased in comparison to 3-M group
(p < 0.05). The protein expression levels (Fig. 2FeH) and mRNA
expression levels (Fig. 2K) of both Fibronectin and a-SMA in the
kidney tissues of rats in both SPJ-L and SPJ-H groups were signifi-
cantly decreased with those in SPJ-H groups being more obvious as
compared with 24-M group (p < 0.05).

3.4. Effects of SPJs on expression levels of MMP2, MMP9 and TIMP1
and TIMP2 in kidney tissues of aging rats

Degradation of ECM is catalyzed by MMPs, particularly MMP2
and MMP9, which are closely related to renal fibrosis. MMPs ac-
tivities are basically inhibited by TIMPs, such as TIMP1 and TIMP2,
which play a vital role in controlling ECM balance. As the results
described above proved that SPJs could inhibit ECM deposition.
Next, we tested the effects of SPJs on the expression of MMP2,
MMP9, TIMP1 and TIMP2 in renal tissues of aging rats. As shown in
Fig. 3, the levels of mRNA and proteins of MMP2 and MMP9 were
memorably lessened in the renal tissues of 24-M group as
compared with those in 3-M group, while those of TIMP1 and
TIMP2 were markedly aggrandized (Fig. 3) (p < 0.05). However, in
renal tissues of rats in both SJP-L and SJP-H groups, the mRNA and
protein expression levels of MMP2 and MMP9 were dose-
dependently and significantly increased in comparison to those in
24-M group, while the mRNA and protein expression levels of
TIMP1 and TIMP2 were dose-dependently and significantly
decreased (Fig. 3) (p < 0.05).

A B C D

E F

Fig. 3. Effects of SPJs on the expression levels of MMP2, MMP9, TIMP1 and TIMP2 in the renal tissue of aging rats. The mRNA expression levels of MMP2 (A), MMP9 (B),
TIMP1(C) and TIMP2 (D). (E) Effects of SPJs on the protein expression levels of MMP2, MMP9, TIMP1 and TIMP2 as detected with their specific antibodies via Western blot. Antibody
against b-actin was used as an internal control for normalization of protein loading; (F) The quantitative relative protein expression levels of MMP2, MMP9, TIMP1 and TIMP2 based
on Western blot. All the experiments were performed in triplicate. Data in (A-D) and (F) were expressed as mean � SD, *p < 0.05, n ¼ 6.
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3.5. Effects of SPJs on TGF-b1/Smad signaling pathway in renal
tissues of aging rats

In renal fibrosis, TGF-b1 can induce phosphorylation of mem-
bers of Smad family, among which Smad-2, Smad-3 and Smad-4
play a vital role in TGF-b1/Smad signaling. Next, we examined the
effects of SPJs on the proteins involved in TGF-b1/Smad signaling
pathway in renal tissues of aging rats. As shown in Fig. 4, as
compared with those in 3-M group, the mRNA (Fig. 4AeD) and
protein (Fig. 4E and F) expression levels of TGF-b1, Smad2, Smad3,
and Smad4 in the kidney tissues of 24-M group were prominently
increased (p < 0.05). However, the mRNA (Fig. 4AeD) and protein
(Fig. 4E and F) levels of TGF-b1, Smad2, Smad3, and Smad4 in renal
tissues of rats in both SPJ-L and SPJ-H groups were memorably
decreased when compared with those in 24-M group (p < 0.05)
with those in SPJ-H group being decreased more obviously.

3.6. Effects of SPJs on expression levels of inflammatory factors and
NF-kB signaling pathway in renal tissues of aging rats

The process of aging is frequently accompanied by the occur-
rence of renal inflammation, which is intimately bound up with
renal fibrosis. NF-kB-induced inflammatory cytokines are of
important meaning in mediating the inflammatory response. In
order to determine whether the reduction of renal fibrosis caused
by SPJs in aging process is causally related to their effects on inhi-
bition of renal inflammation, we explored the effects of SPJs on
expression levels of inflammatory cytokines. As shown in Fig. 5,
both mRNA and protein expression levels of IL-1b, TNF-a, and IL-6
in the renal tissues of 24-M groupwere remarkedly enhancedwhile

compared with 3-M group (p < 0.05) (Fig. 5A and B); As compared
with those in natural aging group (24-M group), both mRNA and
protein expression levels of IL-1b, IL-6 and TNF-a in the renal tis-
sues of rats in SPJ-H group were notably reduced (p < 0.05) (Fig. 5A
and B). As compared with those in 3-M group, the levels of phos-
phorylated NF-kB and IkB proteins in the renal tissues of 24-M
group were observably and significantly elevated (p < 0.05)
(Fig. 5C); and the levels of phosphorylated NF-kB and IkB proteins
in both SPJ-L and SPJ-H groups were significantly decreased in
comparison to those in 24-M group (p < 0.05) (Fig. 5C) with those
in SPJ-H groups being decreased more notably.

3.7. Effects of SPJs on responding to oxidative stress and Nrf2-ARE
signaling in renal tissues of aging rats

Oxidative stress is involved in age-related renal fibrosis, and the
Nrf2-ARE signaling can participate in regulating cellular oxidative
stress. Among them, ROS (i.e. MDA and LPO) and both enzymatic
and non-enzymatic antioxidants (such as GSH, GSH-PX, CAT, and
SOD) play different roles in responding to oxidative stress. Thus, we
next explored the effects of SPJs on the levels of ROS, antioxidants
and Nrf2-ARE signaling in renal tissues of aging rats. As shown in
Fig. 6A, as compared with those in 3-M group, the levels of MDA
and LPO in renal tissues of rats in 24-M group were dramatically
increased (p< 0.05), while those of MDA and LPO in renal tissues of
rats in SPJ-L and SPJ-H group were significantly reduced in com-
parison to those in 24-M group (p < 0.05). The levels of antioxidant
enzymes, including CAT, SOD, and antioxidants, including GSH and
GSH-PX, in the renal tissues of rats in 24-M group were memorably
reduced when compared with 3-M group(p < 0.05), and in the

Fig. 4. Effects of SPJs on expression levels of genes involved in TGF-b1/Smad signaling in the renal tissue of aging rats. The mRNA expression levels of TGF-b1 (A), Smad2(B),
Smad3(C), and Smad4(D). (E) Representative results of Western blot analysis with antibodies against TGF-b1, Smad2/3, and Smad4, b-actin was used as a control; and (F) The
quantitative relative protein expression levels of MMP2, MMP9, TIMP1 and TIMP2 based on Western blot. All the experiments were performed in triplicate. Data in (A-D) and (F)
were expressed as mean � SD, *p < 0.05, n ¼ 6.
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renal tissues of rats in SPJ-H group were dramatically increased in
comparison to 24-M group (p < 0.05) (Fig. 6A). Through compared
with 3-M group, both mRNA and protein expression levels of Nrf2,
HO-1 and NQO1 in the renal tissues of 24-M group were promi-
nently decreased (p < 0.05); As compared with the natural aging
group, the mRNA and protein expression levels of Nrf2, HO-1 and
NQO1 in the kidney tissues of rats in both SPH-L and SPJ-H groups
were notably enhanced (p < 0.05) with those in SJP-H group being
decreased more dramatically.

4. Discussion

Renal interstitial fibrosis is an inhibitory pathological manifes-
tation of many chronic kidney diseases developing to terminal
stage, and is also one of the main manifestations of aging kidneys
and one of the main causes of renal failure. In the etiology of renal
aging, some renal structural changes, such as the increased renal
interstitial fibrosis, take place with aging [23]. The results obtained
from present study indicated that treatment of aging rats with SPJs,

especially at high dose, could significantly improve the declined
renal function and renal interstitial fibrosis in aging rats (Fig. 1).
Furthermore, we also gained significant insights into the mecha-
nisms underlying the protective effects of SPJs on improvement of
renal functions and renal interstitial fibrosis.

ECM accumulation has been acknowledged to be the eventual
pathway of renal fibrosis caused by aging [24]. To evaluate the effect
of SPJs treatment on ECM accumulation, we analyze the collagen
deposition in the kidney with Masson’s trichrome staining and the
result indicated that the renal interstitial collagen deposition in the
kidney of aging rats was significantly reduced after being treated
with high-dose of SPJs (Fig. 1A and B). Collagen I, Collagen III and
Collagen IV aremajor components of ECM and they are deposited in
the kidney during interstitial fibrosis. Their mRNA expression levels
were examined with real time PCR and protein expression levels
were monitored by western blot with corresponding antibodies.
The results showed that the increased expressions of mRNA and
protein of Collagen I, Collagen III and Collagen IV caused by aging
were all significantly reduced after being treated with high-dose of

Fig. 5. Effects of SPJs on the expression levels of inflammatory factors and NF-kB signaling in the renal tissue of aging rats. (A) The mRNA expression levels of TNF-a, IL-1b and
IL-6 detected by real time PCR. (B) Representative results of Western blot and quantitative analysis with antibodies against TNF-a, IL-1b and IL-6; b-actin was used as an internal
control for normalization of protein loading; (C) Representative results of Western blot and quantitative analysis with antibodies against NF-kB, IkB, and the phosphorated NF-kB,
IkB, b-actin was used as the internal control for normalization of loading control. All the experiments were performed in triplicate. Data in (A-C) were expressed as mean � SD,
*p < 0.05, n ¼ 6.
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Fig. 6. Effects of SPJs on oxidative stress parameters and Nrf2-ARE signaling in the renal tissue of aging rats. (A) Relative levels of oxidative stress parameters MDA, LPO, GSH,
GSH-PX, CAT and SOD measured with corresponding kits. (B) The relative mRNA expression levels of Nrf2, HO-1 and NQO1 detected by real time PCR. (C) Representative results of
Western blot and quantitative analysis with antibodies against Nrf2, HO-1 and NQO1, b-actin and H3 were used as internal control for normalization of the loading control,
respectively. All the experiments were performed in triplicate. Data in (A-C) were expressed as mean � SD, *p < 0.05, n ¼ 6.

J Ginseng Res 2021;45:408e419416



SPJs, indicating that SPJs are capable of reducing ECM accumulation
in renal tissues and thus, alleviating renal fibrosis associated with
aging.

Fibroblasts in renal stroma are regarded as the major producer
of fibrous matrix, for instance Collagen I, Collagen III and Collagen
IV. Fibronectin (FN) and a-SMA are two hallmarks of activation of
fibroblasts [25]. Then, by applying immunohistochemistry method,
we detected the levels of FN and a-SMA in the kidney of aging rats.
As shown in Fig. 2FeK, the increased levels of FN and a-SMA caused
by aging were significantly reduced in renal tissues of rats after
being treated with high-dose of SPJs, indicating that SPJs are
capable of activating fibroblasts in the renal stroma.

It was previously revealed that degradation of ECMs is mediated
chiefly by matrix metalloproteinases (MMPs), including collage-
nases, matrilysins, etc. [26,27], especially MMP2 and MMP9, which
are correlated to renal fibrosis [28]. Nevertheless, the activities of
MMPs are reduced by TIMPs. In the TIMPs family, both TIMP1 and
TIMP2 can inhibit the activities of MMPs, thus playing a pivotal role
in controlling the balance between ECM accumulation and degra-
dation [29]. For instance, Sharma et al reported that the degrada-
tion of Collagen IV was inhibited when TIMPs were up-regulated
while MMPs were down-regulated in renal fibrosis, thereby

promoting ECM accumulation [30]. The results obtained from this
study showed that in the kidney of aging rats, both mRNA and
protein expression levels were reduced in MMP2 and MMP9 and
were increased in TIMP1 and TIMP2. After being treated with high-
dose of SPJs, the mRNA and protein expression levels of MMP2 and
MMP9 were increased in, while those of TIMP1 and TIMP2 were
reduced (Fig. 3). These results reveal that in renal fibrosis induced
by senescence and ECM accumulation are usually accompanied
with changes in the expression levels of MMPs and TIMPs. Thus,
SPJs can control the balance between TIMPs and MMPs.

An increasing evidence has suggested that abnormal activation
of TGF-b1/Smad signaling pathway is a major cause leading to renal
fibrosis [31]. After binding to TGF-b type II receptor (TbRII), TGF-b1
works via signal cascades. TbRII can phosphorylates TGF-b type I
receptor (TbFI). Subsequently, both TbFI and TbRII form hetero-
tetrameric complexes, leading to Smad2/3 phosphorylation. The
phosphorylated Smad2/3 then binds to Smad4 to form Smad
complexes, which can transfer into the nucleus within which they
are involved in regulating the transcription of their target gene [32].
Our results showed that while aging rats were treated with SPJs at
high-dose, they could significantly reduce both mRNA and protein
expression levels of TGF-b1, Smad2/3 and Smad4 associated with

Fig. 7. Schematic illustration for summary of the regulatory effects of SPJs on TGF-b1/Smad signaling, NF-kB signaling and Nrf2-ARE signaling pathway. (þ): positive effect,
(�): negative effect.
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aging, indicating that SPJs are capable of negatively regulating TGF-
b1/Smad signaling (Fig. 4).

Aging can induce inflammation response, which plays a key part
in the development of renal fibrosis. It has been pointed out that
during aging, inflammatory mediators, such as TNF-a, are released,
which, in turn, can activate fibroblasts to initiate renal fibrosis
[33,34]. Therefore, we determined whether SPJs could inhibit in-
flammatory response induced by senescence and subsequent renal
fibrosis. Our data clearly showed that SPJs at the high-dose could
significantly inhibit the mRNA and protein expression levels of a
number of inflammatory mediators, for instance IL-1b, IL-6 and
TNF-a, in renal tissues of aging rats(Fig. 5A and B), demonstrating
that SPJs can directly suppress the inflammatory response. Thus,
treatment with SPJs can improve renal interstitial fibrosis in aging
rats, at least in part, by inhibiting the inflammatory response. NF-kB
signaling pathway plays a vital role in inflammatory response
[35,36]. Our results showed that SPJs treatment can effectively
inhibit the phosphorylation of IkB in renal tissues of aging rats, and
then inhibit the activation of NF-kB signaling pathway (Fig. 5C).
These results provide further support for the roles of SPJs in sup-
pression of inflammation response and renal fibrosis via inhibiting
NF-kB signal pathway.

Oxidative stress associated with renal fibrosis includes the
increased level of ROS and the reduced antioxidant capacity [37].
Oxidative stress is one of the mechanisms involved in senescence
related renal fibrosis. An increasing lines of evidence have sug-
gested that oxidative stress is engaged in the increased lipid per-
oxidation [38], which leads to increased generation of MDA and
LPO. On the other hand, Nrf2 has been known to be a critical
transcription factor responsible for mediating anti-oxidant re-
sponses against oxidative stress by regulating its downstream
antioxidant enzymes [39]. Activation of Nrf2-ARE signaling
pathway has been reported to improve fibrosis of organ [40,41].
Like NF-kB, Nrf2 is normally localized in the cytoplasm where it is
coupled with Keap1; under oxidative stress, Keap1 activity is
weakened, and then Nrf2 can escape from the degradation medi-
ated by Keap1, so as to shift and activate the transcription corre-
sponding target antioxidant genes in the nucleus [42]. It has been
reported that PPARa agonist, fenofibrate, improves age-related
renal injury through AMPK/SIRT1 signal pathway that activation
of AMPK and SIRT1 results in simultaneous deacetylation and
phosphorylation of their target molecules, and decreases the kid-
ney’s sensitivity to age-related changes. In the present study, we
demonstrated that Saponins from Panax japonicus (SPJs) were
capable of regulating the levels of the activities of several antioxi-
dant enzymes, including CAT, SOD, GSH-px, and non-enzymatic
antioxidants (e.g. GSH), which are related to alleviation of oxida-
tive stress, and to improvement of age-related renal fibrosis by
Nrf2-ARE pathway [43].

Chronic inflammation and oxidative stress are the main mech-
anisms of age-related renal fibrosis. Qiao et al reported that dioscin,
a natural steroid saponin isolated from herbal plants, possessed a
protective effect against fructose-caused kidney damage, including
fibrosis and inflammation, etc. [44]. Similarly, we found that SPJs
regulated inflammatory cytokines, including TNF-a, IL-1b, and IL-6
through TGF-b1/Smad signaling pathway to improve renal fibrosis.
Dioscin is also able to regulate the levels of MDA, SOD and GSH-PX,
and reduce the ROS level by Sirt3 signaling pathway in renal tissue.
In this study, we found that SPJs improved inflammation by TGF-
b1/Smad signaling pathway and oxidative stress by Nrf2-ARE
signaling pathway. Furthermore, in our current research, we
observed that SPJs treatment could significantly reduce the levels of
and LPO and MDA in renal tissues of aging rats, increase the ac-
tivities and expression levels of antioxidant enzymes, including CAT
and SOD, and enhancing the levels of non-enzymatic antioxidants,

including GSH, and GSH-PX, and also increase the expression levels
of Nrf2, HO-1 and NQO1 (Fig. 6). These results indicate that the
protective effects of SPJs on renal fibrosis may be, at least in part,
resulted from its activation of Nrf2-ARE signaling, thereby reducing
ROS stress.

In conclusion, our study has clearly demonstrated that SPJs can
reduce renal fibrosis associated with aging via simultaneously
inhibiting the TGF-b1/Smad, NF-kB signaling pathway and acti-
vating the Nrf2-ARE signaling pathway (Fig. 7) and that SPJs can be
used as a potentially valuable anti-renal fibrosis drug.
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