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Abstract

Selaginella uncinata (Desv.) Spring, known as Cuiyuncao, is a traditional Chinese prescription against some inflammation
related diseases. To examine the effect of Cuiyuncao on renal fibrosis in a rat model and the underlying mechanism, a renal
fibrosis rat model was established via unilateral ureteral obstruction (UUO). Flow cytometry was used to isolate primary rat
kidney fibroblasts and analyze oxidative levels. The mRNA and protein expression of TGF-B1, Col-I, o-SMA was
investigated through quantitative PCR (qPCR), western blotting and immunohistochemistry. Antioxidant response element
(ARE) motif was examined by using ARE reporter assay and chromatin immunoprecipitation. In the results, it was found that
both oxidative stress and the levels of transforming growth factor beta-1 (TGF-B1), collagen-1 (Col-1) and alpha-smooth
muscle actin (a-SMA) were higher in the kidneys of UUO rats than in controls. Cuiyuncao aqueous extract ameliorates renal
fibrosis in rats of UUO. Furthermore, it reduces both the oxidative stress levels and the expressions of TGF-B1, Col-I and o-
SMA, but in different extent in UUO rats. Upon oxidative stress, the antioxidant transcription factor NRF2 enhances the
expression of numerous genes regulated by ARE. There are a few potential AREs in the upstream of Col-I and a-SMA
respectively, but not TGF-B1. Among these potential AREs one of each of Col-I and a-SMA AREs were confirmed by
functional assays. In conclusion, this study indicates that Cuiyuncao aqueous extract has a significant curative effect on renal
fibrosis via antioxidant pathway. © 2020 Friends Science Publishers

Keywords: Selaginella uncinate; Renal fibrosis; Unilateral ureteral obstruction; Oxidative stress; NRF2; Antioxidant
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Introduction

Selaginella uncinata (Desv.) Spring, known as Cuiyuncao,
is a perennial herb which exists in abundance in South
China. It is widely used in traditional Chinese medicine
(TCM) as a remedy against a wide range of diseases, such
as jaundice, dysentery and edema. Phytochemical studies
reveal various chemical constituents, including flavonoids
(Zheng et al. 2011; Zou et al. 2014, 2016), chromone
glycosides (Ma et al. 2003) and steroidal saponins in
Cuiyuncao (Zheng et al. 2013). These chemicals have broad
biological activities. For instance, uncinoside A and B, the
two newly discovered chromone glycosides, exhibit
antiviral properties and is used to suppress respiratory
syncytial virus and parainfluenza type 3 virus (Ma et al.
2003). Two new steroidal saponins show a strong
neuroprotective effect against anoxia in PC12 cell, a number
of flavonoids also exhibit antioxidation activity (Zheng et

al. 2013), which indicates Cuiyuncao's potential effects on
oxidative stress-related diseases.

The global prevalence of chronic kidney disease
(CKD) was estimated to be 10-16% (CDC 2007; Jha et al.
2013). Renal fibrosis, a common form of CKD, is initially
characterized by aberrant angiogenesis and capillary
obliteration. The condition is also accompanied by resident
cell ~ stimulation via pro-inflammatory  cytokines.
Consequently, tubular epithelial cells and fibroblasts
generate and fill the interstitial space with several
extracellular matrix (ECM) constituents (Eddy 2000; Liu
2006). COL-I and a-SMA are the two major components of
ECM and excessive ECM eventually causes chronic renal
failure. The activated fibroblasts mainly contribute to ECM
deposition in kidney. It is noteworthy that the blockage of
ureters results in acute renal injury, a condition associated
with injuries to the ureteral cells, interstitial inflammation
and finally fibrosis (Eddy 2000; Liu 2006). In the process of
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wound healing, fibroblasts are stimulated by many different
signals that are associated with injuries, such as TGF-B1 as
well as inflammatory micro environmental factors, which
includes the infiltration of immune cells, hyperglycemia,
and hypoxia (Strutz and Zeisberg 2006; Kim et al. 2018).

Thus, it is crucial to clear the activated fibroblasts to
prevent or delay renal fibrosis progression. In this regard,
many clinical trials have examined the efficacy of numerous
drugs. Currently, the standard treatment to ensure delay of
the fibrogenic process involves the use of Corticosteroids
and cyclosporine A, both of which are immunosuppressive
agents. Unfortunately, when these drugs are used for a long
time, they could cause a serious Kkidney injury. Other
regimens like the angiotensin-converting
enzyme/antagonists of angiotensin 1l receptor inhibitors
(Sehirli et al. 2020) evoke severe side effects (Breyer and
Susztak 2016). In the recent past, researchers have been
successful in the development of new anti-fibrotic
approaches, which can specifically target fibroblasts, and
these include antibodies against platelet-derived growth
factors (PDGFs), TGF-B1 receptor inhibitors and Ras
inhibitor cocktail (Zeisberg and Neilson 2010). Moreover,
TCM is also effective in both treatment and prevention of
CKD as revealed by clinical and experimental studies
(Zhong et al. 2015; Lv et al. 2018; Alharbi et al. 2019;
Zhang et al. 2019; Tawfik et al. 2020).

Oxidative stress has been implicated in renal
fibroblasts activation during the progression of kidney
diseases (Xu et al. 2013; Kang et al. 2015). In this study,
whether Cuiyuncao aqueous extract could down-regulate
cell signaling factors in renal fibrosis and consequently
delay the progression of renal fibrosis in rats of unilateral
ureteral obstruction (UUQO) were investigated. In the
molecular level, how Cuiyuncao regulates renal fibrosis
closely related genes TGF-f1, Col-I and o-SMA were
investigated. Further, it was revealed that the Cuiyuncao's
effect on oxidative stress reduction and the mechanism by
which the renal fibrosis genes are regulated.

Materials and Methods
Source of S. uncinata

Plants of S. uncinate (Desv.) Spring (Cuiyuncao) was
obtained from Yunnan Institute of Chinese Traditional
Medicine and identified according to its morphological
characteristics. 1 kg of dry Cuiyuncao herb was ground to
powder then suspended in 4 L of water. Next, the suspension
was boiled for 2 h then filtered it through nylon mesh. A total
amount of 1000 mL extracts were obtained. So, one
millimeter of aqueous extracts represents 1.0 g of dry herb.

Model building

This experiment was admitted to The First Affiliated
Hospital of Kunming Medical University between February

and November 2019. Male SD rats (obtained from Kunming
Medical University) weighing 190-220 g were housed at 25
+ 2°C with a 12 h light/dark cycle and given free access to
food and water. The left ureter was tied at two points to
attain unilateral ureteral obstruction (UUO). This procedure
was avoided in sham operation (Yu et al. 2017). 81 SPF SD
rats were randomly assigned to sham-operation group, UUO
saline group and UUO Cuiyuncao group. Rats in each group
were randomly divided into 3-day, 7-day and 14-day groups
(n =9 for each).

Cuiyuncao group received 10 mL/kg-day of
Cuiyuncao extract for certain days by oral gavage. Animals
of other groups received saline at the dose of 10 mL/kg-day.
The animals were sacrificed at 3, 7, and 14 days after
surgery to remove the left kidneys. Subsequently, the
extracted parts were sagittal sliced twice into three parts.
One of the parts was preserved at -80°C for mRNA and
protein isolation, one part was for histopathological and
immunohistochemical examinations and the rest part was
for fibroblasts isolation.

Flow cytometric assay

Renal cortexes were cut into pieces and then digested for 30
min with 0.1% collagenase and 3 U/mL of dispose at 37°C.
Next, the digest was filtered with a 70 mm nylon strainer
(Biosciences, CA, USA), then suspended in DMEM
following centrifugation (5 min, 1700 g). CellROX Deep
Red kit (Life Technologies, CA, USA) was used to analyze
oxidative levels. Canto Il cytometer (Biosciences) was
utilized to acquire flow cytometric data, which were then
analyzed with FlowJo X (TreeStar, OR, USA).

Masson’s trichrome staining

Kidney tissues were fixed and dehydrated following a
standard workflow (Yu et al. 2017). After embedding the
tissues in paraffin, they were cut into 4 um thin sections,
then stained with hematoxylin—eosin and Masson's tri-
chrome following the standard protocol (Williams et al.
1997). The Masson’s trichrome staining positive area was
quantified using ImageJ.

Immunohistochemical staining

Paraffin sections were deparaffinized, rehydrated, and
autoclaved for 10 min in 100 mM citrate buffer (pH 6.0).
After treatment with 3% H,O, and 10% bovine serum
sections were incubated with an antibody against TGF-B1
(ab92486, Abcam), COL-I (ab6308, Abcam) or o-SMA
(ab5694, Abcam) for 12 h at 4°C. The bound antibodies
were examined using Polink-2 HRP plus rabbit DAB
detection system (GoldenBridge, WA, USA). Image Pro
Plus was employed to assess the average optical density
(AOD) of immunohistochemical (IHC) staining intensities
of proteins tested.
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gPCR assay

Trizol reagent (Life Technologies) was utilized in the
isolation of total RNA from the kidney fibroblasts. The RNA
(2 g per sample) was reverse transcribed to cDNA using the
M-MLV Reverse Transcriptase (Promega, WI, USA). The
RT-PCR assay was conducted using the standard SYBR
Green reagent (Thermo Scientific, M.A., USA) with
GAPDH serving as internal control. Quantification of
mMRNAs was done using 7900HT real-time PCR detection
system (BioRad, CA, USA). Each sample was divided, then
analyzed separately, and three samples were analyzed for
every condition (Table 1).

Western blot analysis

Cells or tissues were collected, lysed and quantified using
Bradford method (Ramachandran et al. 2012). 50ug protein
was boiled and separated by 10% SDS PAGE followed by
transferring to Immobilon-P membranes. The membranes
were blocked in 10% non-fat milk for 1 h and then
incubated with a primary antibody overnight at 4°C and
sequentially with HRP conjugated anti-lgG antibody
(1:5000) for 1 h. The proteins were visualized using the
ECL Plus (Thermo Scientific, M.A., USA). Anti-TGF-B1,
anti-COL-I, anti-o-SMA and anti-GAPDH antibodies
(ab8245) were purchased from Abcam. Relative intensities
were normalized by the ratio between the GAPDH using
ImageJ (version 1.47, NIH, MD, USA).

MTT assay

NRK-52E (Rat kidney epithelial cell line) was from the
American Type Culture Collection (ATCC, VA, USA) and
cultured in DMEM with 10% FBS. Cells were transfected
with Lipofectamine 2000 (Life Technologies) and
stabilized for 12 h for the downstream experiment.
NRK-52E cells were treated with H,0, at 40 uM for 24
h for oxidative stress or sterile Cuiyuncao aqueous
extract at 1/20 of the original extract for antioxidant
treatment (Clerk et al. 2007). The working dilution of
Cuiyuncao was determined by MTT assay.

Chromatin immunoprecipitation assay

The upstream sequence of a given gene was retrieved from
UCSC genome browser (Tyner et al. 2017). The sequence
was scanned with a webtool for the antioxidant response
element (ARE) motif (Tyner et al. 2017). The predicted
AREs were validated by NRF2 ChIP-gPCR. The validated
AREs were inserted into pT81 luciferase plasmid to
construct a reporter (Mulcahy et al. 1997). Then a certain
reporter was co-transfected with a CMV driven Renilla
construct as an internal reference. Luciferase activity was
determined using the Dual-Glo luciferase assay (Promega
Corporation) in a FlexStation 11l (Molecular Devices). The
NRF2 chromatin immunoprecipitation was carried out in

NRK-52E cells following a standard protocol (Blecher-
Gonen et al. 2013). The NRF2 (ab62352) antibody and IgG
(ab190475) as a negative control were from Abcam.

Statistics

Data analysis was conducted using SPSS (Window version
15.0.0) software package. Data are expressed as means *
standard deviation (S.D.). Comparisons between two groups
were analyzed by Student's t-test was employed to assess
the difference between two treatments, whereas one-way
ANOVA followed by Tukey test (post-hoc) was used to
compare more than two treatments. A P-value less than 0.05
indicated statistical significance.

Results

Cuiyuncao treatment ameliorates renal fibrosis and
reduces the oxidative stress in UUO kidneys

Hematoxylin Eosin staining indicates kidney of sham rats
were normal, no infiltration of inflammatory cells. Three
days post-surgery, the kidneys of UUO presented infiltration
of inflammatory cells; Seven days post-surgery vacuolation
of renal tubular epithelial cells appeared (Fig. 1A). In the
kidney from UUO rats at day 7 post surgery tubulointerstitial
infiltration of inflammatory cells increased. At day 14, the
lesions of kidney with UUO were further deteriorated.
Tubular dystrophy, renal tubular atrophy, disorder of
arrangement, and diffuse tubulointerstitial infiltration of
inflammatory cells occurred (Fig. 1A). Cuiyuncao treatment
largely slowed the development of tubulointerstitial lesions,
ameliorated the tubulointerstitial infiltration of inflammatory
cells and tubular dilation (Fig. 1A and C).

Masson's trichrome staining revealed that kidneys with
sham operation were normal. Interstitial fibrosis presented
kidney with UUO after 3 days of surgery and were
expanding with the passage of time (Fig. 1B). Masson's
trichrome staining revealed tubular epithelial cell shedding,
tubular dilation, intensive interstitial fibrosis. Interstitial
fibrosis in kidney treated with Cuiyuncao significantly
ameliorated at day 14 after surgery (Fig. 1B and C).

The freshly isolated renal cells were subjected to
oxidative stress analysis by flow cytometry with CellROX
reagent. The sham rats have a stable oxidative stress level
throughout the experiments. Whereas the oxidative stress
levels in the UUO animals are increasing remarkably with
the passage of time. Cuiyuncao treatment of UUO animals
can significantly reduce the oxidative stress levels compared
to UUO rats of the corresponding day (Fig. 1D).

The effect of cuiyuncao treatment on the expression of
TGF-p1, Col-I and a-SMA was evaluated by
immunohistochemistry (IHC) in UUO kidneys

As the pro-inflammatory protein and pro-fibrotic protein are
both important to tubular interstitial fibrosis formation.
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Table 1: gPCR Primers used in this study

Gene name Product size (bp) Genbank number Forward primer Reverse primer
TGF-1 128 NM_021578.2 cctggaaagggctcaacac tgcegtacacagcagttett
Col-I 68 NM_053304.1 tcetggcaagaacggagat caggaggtccacgctcac
a-SMA 62 NM_001170325.1 ccggattctggcttctgata ggcagctctcgacgaagt
GAPDH 87 AF106860.2 atgactctacccacggcaag ggaagatggtgatgggtttc
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Fig. 1: Cuiyuncao treatment ameliorates renal fibrosis and reduces the oxidative stress in UUO kidneys. (A) Representative hematoxylin—
eosin (HE) stained kidney sections from sham, UUO, and UUO (Magnification, X 200). a) lymphocte and monocyte cell infiltration; b)
cytoplasmic vacuoloation. (B) Representative Masson's trichrome stained kidney sections from sham, UUO, and UUO (Magnification, X
200). Increased fibrosis in both glomerulus and tubulointerstitial area, and a prominent inflammatory cell infiltration were seen in
tubulointerstitium of UUO rats. ¢) lumen surface fell and tubular dilation; d) fibrotic hyperplasia of basement membrane and renal
interstitium. (C) Quantitative analysis of the fibrotic area (the mean + S.D. of 10 separate observations). (D) The oxidative stress level of
freshly prepared renal cells was evaluated by DeepRed CellROX. (the mean £ S.D. of renal cells from 9 rats of the same group). Compared
with sham group, *P < 0.05 and ** P < 0.01, while compared with UUO group, P < 0.05. Otherwise, not significant

Transforming growth factor beta 1 (TGF-B1) is one of
the key injuries signaling molecules that regulate
migration and infiltration of lymphocytes, which lead to
inflammation and kidney fibrosis. Cuiyuncao could
decrease the TGF-B1 in the day 3 after UUO. Although
with a limited statistical significance, Cuiyuncao treatment
decreased the expression of TGF-B1 in the day 7 and day 14
after UUO (Fig. 2A and B). Arrows point to the
hyperintense sites. There are sporadic TGF-B1 hyperintense
sites even in sham samples (Fig. 2A).

The expression and accumulation of ECM
components including COL-I and a-SMA are the major
events in formation of fibrotic kidney (Lee et al. 2013).
Unlike TGF-B1, both COL-I and a-SMA have a low
expression level with an even distribution across the tissues
from kidneys of sham rats. Due to UUO both COL-I and o-
SMA are overexpressed with the progression of fibrosis.
Cuiyuncao treatment significantly reduced both COL-I and
a-SMA (Fig. 2C, D, E and F). Arrows point to the
hyperintense sites and there are no hyperintense sites in
sham samples (Fig. 2C and E) for both COL-I and a-SMA.

Quantitative RT-PCR and western blot of COL-1 and a-
SMA

To avoid the biased interpretation of immunohistochemical
data due to the selection of slices and views it is critical to
confirm the results from immunohistochemistry staining by
quantitative RT-PCR and western blot. The tissues from the
same kidneysas used inimmunohistochemistry were subjected
to RT-qPCR and western blot analysis. The gPCR of Col-I
and a-SMA agreed with the immunohistochemically results
described in Fig. 3A, B. The western blots of COL-I and o-
SMA exhibit the same tendency as the immunohistochemistry
data with statistical significance (Fig. 3C, D and E).
Similarly, the TGF-B1 qPCR has the tendency that
UUO increased the TGF-B1 expression and Cuiyuncao
decreased the induced upregulation of TGF-B1 by UUO.
However, the TGF-p1 qPCR data were not statistically
significant. Moreover, TGF-B1 western blots in the kidneys
from different groups have not the same tendency as in
gPCR (data not shown). As TGF-B1 is a soluble protein it
could be lost from the tissues during collection and wash.
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Fig. 2: The effect of Cuiyuncao treatment on the expression of TGF-B1, Col-I and a-SMA in UUO kidneys. (A) Representative of
immunostaining of TGF-B1, (B) Quantitative measurement of TGF-B1, (C) Col-1 and (E) a-SMA in renal sections (x200) from sham,
UUO, and Cuiyuncao treated UUO rats at day 3, 7 and 14 post surgery. (D) Col-1 and (F) a-SMA IHC signal. The arrows point sites
where the target proteins are highly abundant. Data represent mean + S.D. for at least 10 independent slices. Compared with sham group,
*P < 0.05 and ** P < 0.01; while compared with UUO group, & P < 0.05. Otherwise, not significant
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Fig. 3: RT-gPCR and western blot of COL-1 and a-SMA. (A)
Col-I and (B) a-SMA ¢PCR in kidneys from sham, UUO, and
Cuiyuncao treated UUO rats at day 3, 7 and 14 post surgeries. (C)
Representative western blot of Col-I, a-SMA and GAPDH as
control. (D) Quantitative analysis of Col-l and (E) o-SMA
western blot. Data are expressed as means + S.D. Compared with
sham group, *P < 0.05 and ** P < 0.01, while compared with
UUO group, & P < 0.05. Otherwise, not significant

Cuiyuncao reduces the expressions of Col-I and a-SMA
by downregulating NRF2/ARE pathway

Oxidative stress could trigger the expressions of numerous
genes regulated by a cis-acting element called antioxidant
response element (ARE). Once oxidative stressed the
transcription factor NRF2 will disassociate with KEAP1 to
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Fig. 4: Cuiyuncao reduces the expressions of Col-I and a-SMA
by downregulating NRF2/ARE pathway. (A) The Col-I and o-
SMA expression comparison between saline, H,0O, and
Cuiyuncao treated NRK-52E rat kidney cells. (B) NRF2
Chromatin immunoprecipitation followed by qPCR with IgG as
negative control. (C) Luciferase reporter assay of antioxidant
response element of a-SMA and Col-l. (D) The schematic
mechanism by which Col-I and o-SMA are regulated by
Cuiyuncao. Data are presented as means + S.D. P < 0.05 and
** P <0.01

get into the nucleus (Lee et al. 2013). Then NRF2 binds to
the ARE to enhance the gene expression (Fig. 4D). As the
results indicated that Col-I and a-SMA expressions might
be enhanced by oxidative stress, we then compared their
expression changes between H,0, treatment and Cuiyuncao
aqueous extract treatment. Compared to NRK-52E cells in
normal condition, Col-I and a-SMA expressions are higher
in H,O, treated cells, whereas cells treated with Cuiyuncao
were lower in their expressions (Fig. 4A). Cuiyuncao might
stabilize the NRF2/KEAP1 complex and therefore reduce
the expressions of NRF2-driven genes (Fig. 4D).

1669



Gao et al. / Intl J Agric Biol, Vol 24, No 6, 2020

In order to figure out if NRF2 binds to the antioxidant
response elements of Col-I and a-SMA, we found all the
potential AREs according to ARE consensus. The NRF2
ChIP was carried out and IgG ChIP without target as a
negative control. The DNA recovered from ChIP was
subjected to gPCR. One ARE of each of Col-I and a-SMA
was validated (Fig. 4B). To confirm the two AREs validated
by NRF2 ChlIP, the AREs were cloned into pT81 luciferase
plasmid whose luciferase activity is minimal due to the lack
of a promoter of full function. Both Col-I ARE and 0-SMA
ARE can increase the expression of luciferase in response to
oxidative stress when treated by H,O, (Fig. 4C). The ARESs
of Col-I and a-SMA are CAATGGTCATGCTTA and
TCAGTGTGACTTTAA respectively.

Discussion

The prevalence of chronic kidney disease (CKD) is on the
rise globally as factors that contribute to the condition
continue to increase (Lameire et al. 2005). Interstitial
fibrosis is considered as the main route leading to CKD.
Despite the increasing availability of crucial information
regarding the mechanisms underlying CKD, current
strategies for treating CKD are largely ineffective. Given
this, there is a need to further our understanding of CKD,
with special focus on the ways in which progression of renal
fibrosis could be arrested. Herein, we revealed that
Cuiyuncao aqueous extract exhibits significant effect on
renal fibrosis.

The UUO rat acted as our experimental model of renal
fibrosis and typical features were observed in UUQO rats.
Based on our results, both aberrant oxidative stress and renal
fibrosis were triggered via obstructive nephropathy. It has
been long known that excessive oxidative stress in cells and
tissues causes severe damage and results in fibrosis in many
organs. Although many studies suggest that the excessive
oxidative stress associates with renal fibrosis, we provide
the direct proof that the cells in kidneys undergoing fibrosis
have much higher oxidative stress levels than in normal
ones. The Cuiyuncao extract could reduce the oxidative
stress in the kidneys undergoing fibrosis and at the same
time alleviate the fibrosis. There is a strong correlation
between oxidative stress reduction and fibrosis progress
delay. However, the question if and how the oxidative stress
causes renal fibrosis is still largely opens.

In response to obstructed renal injury, many factors,
such as mechanical stretch from urine accumulation,
angiotensin I1, and inflammatory factors, together contribute
to pathological development of kidney. Although
inflammation plays a critical role in the fibrogenesis the
final step of renal fibrosis is the overproduction and
accumulation of ECM components in fibroblasts, such as
COL-I and a-SMA. Among the potential therapeutic
regimens inactivation of fibroblasts is one of the most
promising strategies to treat renal fibrosis. Most of the
previous studies on the mechanism of renal fibrosis focused

dominantly on anti-inflammation. Our results demonstrated
that Cuiyuncao treatment could ameliorate the renal fibrosis
by decreasing the levels of the ECM components a-SMA
and COL-I with little effect on TGF-f1.

Taken together, we showed that the traditional Chinese
herbal medicine Cuiyuncao ameliorates the tubulointerstitial
infiltration of inflammatory cells and interstitial fibrosis in
kidney with UUO. Besides TGF-Bland ECM pathway,
other signaling molecules were also involved in renal
fibrosis, such as MAPK and Wnt pathway (Edeling et al.
2016). The more detailed mechanism of anti-fibrosis of
Cuiyuncao need further investigation. Cuiyuncao aqueous
extract contains many substances with broad bioactivities. It
is worth for further research to identifying the active
ingredient that exerts the real efficacy in the future work.

Conclusion

Traditional Chinese medicine Cuiyuncao significantly
ameliorates renal fibrosis in rats. Cuiyuncao reverses both
the elevated oxidative stress level and upregulation of key
fibrosis factors Col-I and a-SMA in fibrotic kidneys, but not
TGF-Bl. Cuiyuncao antagonizes renal fibrosis via
antioxidant pathway.
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