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Effects of Wuling Powder Mediating Notch Pathway on
Mice with Nephrotic Syndrome
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Abstract
Notch pathway. [ Methods] Sixty KM mice were randomly divided into normal group, model group, prednisone acetate positive group, high-dose Wuling Powder

[ Objectives ] This study was conducted to investigate the renal protective effects of Wuling Powder on mice with nephrotic syndrome (NS) based on

group, medium-dose Wuling Power group and low-dose Wuling Power group, with 10 mice in each group. Three days after prophylactic administration, a compre-
hensive nephropathy model was prepared by injecting 1 mg/ml doxorubicin hydrochloride solution (7.5 mg/kg) into the tail vein. After successful modeling, pred-
nisone acetate and Wuling SAN were given high, medium and low doses for intervention for 28 d, respectively. After that, urinary protein and creatinine contents
of mice in each group were detected, and pathological damage of renal tissue was observed by HE and Masson staining. The mRNA levels of Notchl , Jaggedl and
Hesl in mouse kidney tissues were detected by RT-PCR, and the expression levels of Notchl , Jaggedl and Hesl proteins were detected by Western blot. [ Results ]
Wuling Powder could effectively reduce the contents of urine protein (P <0.01) and Ser (P <0.01) in NS mice, and alleviate the pathological injury of kidney.
Compared with the model group, the prednisone acetate group and various Wuling Powder groups could down-regulate the expressions of Notchl , Jagged] and Hesl
mRNA in the kidney tissue of mice (P <0.01), and the expression of Notchl protein in the renal tissue of mice decreased (P <0.01). The contents of Hesl in
the prednisone acetate group and the high- and medium-dose Wuling Powder groups significantly decreased (P <0.05). [ Conclusions] Wuling Powder could pro-

tect the kidneys in mice with NS through Notch pathway.
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Nephrotic syndrome (NS) is the main cause of chronic renal
failure in the world". Tt is a glomerular disease caused by the
damage of the structure and function of glomerular filtration barri-
er, which leads to a large number of protein loss in plasma. Clini-
cally, it often manifests as a series of symptoms related to the
damage of glomerular filtration barrier, such as low albumin, mas-

sive proteinuria, edema and hyperlipidemia >’

Modern medical
treatments for NS mainly include glucocorticoid, alkylating agent,
cyclosporine and other immunosuppressants, but all of them have
problems such as large dosage and many toxic and side effects,
which lead to unsatisfactory clinical treatment of NS. A large num-
ber of clinical and experimental data show that Chinese medicine
intervention therapy can delay the symptoms of proteinuria in DN
patients in many ways, and it is conducive to improving renal
function and has unique advantages such as safety, effectiveness

B4 Wuling Powder is composed of five

and multiple effects'
Chinese herbs: Oriental Waterplantain Rhizome, Poria, pol-
yporus, Cinnamomi Ramulus and Rhizoma Atractylodis Macro-

cephalae. Studies have shown that Wuling Powder has a bidirec-
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tional regulatory function on water metabolism in the urinary
system, as it reduces renal pathological status and improves renal
function, exerting renal protective effects” .

In this study, a mouse model of nephrotic syndrome was es-
tablished in vivo to evaluate the pharmacodynamics of Wuling
Powder in treating NS, and to explore the therapeutic and renal
protective effects of Wuling Powder on NS mice from an overall
perspective, so as to provide theoretical reference for clinical

treatment.

Materials and Methods
Experimental animals

Sixty SPF KM mice, half male and half female, weighing
20 -22 g, were purchased from the Experimental Animal Center
of Guangxi Medical University with the license number SYXK Gui
2019-0001.
Drugs and reagents

Five Chinese herbs consisting Wuling Powder; polyporus
(‘batch number; 20210301 ) 90 g, Poria ( batch number;
20210801-1) 90 g, Rhizoma Atractylodis Macrocephalae ( batch
number; 20210902 ) 90 g, Oriental Waterplantain Rhizome
(‘batch number; 20210705) 150 g, and Cinnamomi Ramulus
(batch number: A07583) 60 g, the medicinal decoction pieces of
which were purchased from Hunan Yao Sheng Tang Chinese Medi-
cine Technology Co. , Ltd. ; doxorubicin hydrochloride ( Beijing
Solebao Life Sciences Co., Ltd., batch number; 1015p021);
urine protein quantitative test kit and creatinine determination kit
(Nanjing Jiancheng Bioengineering Institute, batch numbers:
20211227 and 2021126, respectively ) ; reverse transcription kit
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and Hesl antibody (CST, 11988s); B-actin and goat anti-rabbit
IgG secondary antibody ( Beijing BIOSS Biotechnology Co. , Ltd. ,
batch number: BS-0061R and BS-0295G-HRP, respectively).
Experimental instruments

Real-time  fluorescence  quantitative ~PCR  instrument
(ROCHE, Switzerland) ; freezing centrifuge (Thermo Fisher Sci-
entific, USA) ; high-speed freezing centrifuge ( Thermo Fisher) ;
full-wavelength microplate reader (Thermo scientific) ; analytical
balance (METTLER TOLEDO).
Model establishment and drug administration in groups

After 7 d of adaptive feeding, 60 KM mice were randomly di-
vided into a normal group, a model group, a prednisone acetate
positive group (1 mg/ml, 8.7 g/kg) , a high-dose Wuling Powder
group (14.4 g/kg), a medium-dose Wuling Powder group (7.2
¢/kg) and a low-dose Wuling Powder group (3.6 g/kg) , with 10
mice in each group. According to the literature’’ ™ and previous
experimental results, mice of the nephrotic syndrome model were
prepared by injecting 1 mg/ml adriamycin hydrochloride solution
(7.5 mg/kg) into the tail vein 3 d after preventive administra-
tion, and mice in the normal group were injected with 0.9% nor-
mal saline in the same way. At 7 d after injection of doxorubicin
hydrochloride, the 24 h urine protein content of the model mice
was statistically significant compared with that of the normal group
(P<0.05). Mice in each group were given drugs by gavage ac-
cording to their weight, and the normal group and model group
were given 0. 9% normal saline once a day for 28 d.
Specimen collection

After 28 d of drug intervention, mice in each group were put
into metabolic cages, and 24 h urine of mice was collected, and
the collected urine volume was recorded. The urine was centri-
fuged to get a supernatant, and the urine protein content was de-
tected according to the instructions of urine protein kits. The mice
in each group were fasted for 12 h, and after 1 h of intragastric ad-
ministration, the eyeballs were removed to take blood. After the
blood collection was completed, the mice in each group were kill-
ed by cervical dislocation, and the kidneys were quickly separa-
ted. The left kidney was fixed in 4% paraformaldehyde for patho-
logical staining, and the right kidney was placed in a freezing
tube, which was put in liquid nitrogen for quick freezing, and
then transferred to a refrigerator at —80 °C for storage.
Observation of pathological changes of renal tissue in mice

The renal tissue fixed in 4% paraformaldehyde solution was
cut to an appropriate section size, and subjected to gradient dehy-
dration and paraffin embedding, and the paraffin block was cut in-
to pieces 4 pm in thickness, which were placed on glass slides,
baked, stained with HE and Masson. The prepared sections were
observed for pathological morphology and structure of the renal tis-
sue under a microscope.
Detection of renal tissue-related proteins by RT-PCR

An appropriate amount of mouse kidney tissue was extracted
for total RNA strictly using RNA extraction kits, and RNA

concentration and purity were determined using a micro nucleic
acid protein analyzer. ¢DNA was synthesized according to the
instructions of reverse transcription kits, and PCR was performed
using instructions of kits. With GAPDH as the internal reference
gene, the relative expression level of mRNA was calculated by the

2 78T hethod.

Table 1 Primers sequences

Primer Molecule name Sequence

Notchl Mus-F-notchl ACTTGTCAGATGTGGCCTCG
Mus-R-notchl ATTCAAGTGGCTGATGCCCA

Jaggedl Mus-F-jaggedl GGGCTCTTTGCCTTCTGGAAC
Mus-R-jagged] ATGCACGACTGGAAAACAACA

Hesl Mus-F-hesl GCGGAATCCCCTGTCTACCT
Mus-R-hesl GTCTTAGGGCTACTTAGTGATCGG

B-actin Mus-F-B-actin CTACCTCATGAAGATCCTGACC

Mus-R-B-actin ~ CACAGCTTCTCTTTGATGTCAC

Western blot detection

Appropriate mouse kidney tissue was added with RIPA pro-
tein lysis buffer and magnetic grinding beads, and ground using a
tissue grinder at low temperature and high speed. After full grind-
ing, the sample was centrifuged using a high-speed centrifuge at 4
C and 12 000 r/min for 10 min. The supernatant was collected
and determined for the total protein concentration according to
BCA protein detection kits, and a protein loading buffer was then
added. Next, 40 ug of protein sample was taken from each group
for SDS gel electrophoresis. At the end of electrophoresis, the gel
was taken for PVDF membrane transfer, and after blocking and
membrane washing, incubation was performed with the primary
antibody overnight at 4 °C. Next, the membrane was washed and
incubated with the secondary antibody solution at room tempera-
ture for 1 h. After washing the membrane, color development and
saving were performed. With B-action as an internal reference,
the results were analyzed using the Image J system.
Statistical analysis

All data were statistically processed by SPSS 21.0 software,
and the results conforming to normal distribution were expressed in
x +5. One-way ANOVA was used for comparison among groups,
and LSD test was used for pairwise comparison between groups,
with P <0.05 indicating a statistically significant difference.

Results and Analysis
Comparison on effects of Wuling Powder on 24 h urine vol-
ume and urine protein level in NS mice

Compared with the normal group, mice in the model group
showed a decrease in 24 h urine output and an increase in urine
protein and creatinine levels (P <0.05 or P <0.01). Compared
with the model group, the mice in the prednisone acetate group
showed an increase in 24 h urine output (P <0.05), while the
prednisone acetate group and the high-, medium- and low-dose
groups of Wuling Powder showed a significant decrease in urine
protein content (P <0.01) and a significant decrease in creati-
nine content (P <0.01).

group, the mice in the medium-dose group of Wuling Powder had

Compared with the prednisone acetate



Luotong JING et al. Effects of Wuling Powder Mediating Notch Pathway on Mice with Nephrotic Syndrome 27

a decrease in 24 h urine output (P <0.05), while the high-dose
group and medium-dose group of Wuling Powder had an increase
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in urine protein content (P <0.05), and the high-dose group of
Wuling Powder had an increase in creatinine content (P <0.05).
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Compared with the normal group, *P <0.01, **P <0.000 1; compared with the model group, * P <0.05, **P<0.01, **** P <0.0l.
Fig. 1 Effects of Wuling Powder on 24 h urine volume and urine protein and creatinine levels in NS mice (x +s, n=8)

Effects of Wuling Powder on renal pathological changes in NS
mice

HE staining showed that the normal control group showed a
complete glomerular structure, no abnormal changes in matrix and
mesangium, no obvious thickening of basement membrane and no
obvious infiltration of inflammatory cells in the interstitial tissue.
Compared with the control group, mice in the model group showed
pathological changes such as glomerular hypertrophy, renal tubular
dilation, narrowing of capillary lumen, significant thickening of
capillary basement membrane, and infiltration of inflammatory
cells in the mesenchyme. Compared with the model group, the
pathological changes of renal tissue in the prednisone acetate and
various Wuling Powder groups were improved to different degrees,
that is, the renal pathological situation was alleviated. Through
Masson staining, pathological damage to the kidneys, thickening of
the glomerular basement membrane, proliferation of tubulointersti-
tial fibrous tissue, tubular collapse, vacuolar degeneration and ex-
tensive interstitial fibrosis were further observed in the model
group. Compared with the model group, various treatment groups
showed varying degrees of improvement, and renal tissue damage

was significantly alleviated.

Masson

Effects of Wuling Powder on Notchl, Jaggedl and Hesl mR-
NA levels in NS mice

Compared with the blank group, the expression levels of
Notchl, Jaggedl and Hesl mRNA in the model group all increased
(P <0.01). Compared with the model group, the prednisone ace-
tate group and various Wuling Powder groups showed decreased ex-
pression levels of Notchl, Jaggedl and Hesl mRNA in the kidney
tissue of mice (P <0.01).
Effects of Wuling Powder on expression of Notchl, Hesl and
Jaggedl proteins in NS mice

Compared with the blank group, the model group exhibited
increased expression levels of Notchl, Hesl and Jaggedl proteins
(P <0.05). Compared with the model group, the prednisone ace-
tate group and various Wuling Powder groups exhibited significant-
ly-decreased expression level of Notchl protein in the kidney tissue
of mice (P <0.01), and the contents of Hesl in the prednisone
acetate group and high- and middle-dose Wuling powder groups
decreased significantly (P <0.05) , and the contents of Jaggedl in

the prednisone acetate group and high-dose Wuling powder group
decreased significantly (P <0.05).

Fig. 2 Effects of Wuling Powder on renal pathological changes in NS mice (HE, Masson, x400)
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Compared with the normal group, ™ P <0.000 1; compared with the model group, **P <0.01, ***P<0.001, **** P <0.000 1.

Fig. 3 Expression of Notchl, Jaggedl and Hesl mRNA
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Compared with the normal group, *P <0.05, * P <0.001; and compared with the model group, * P <0.01, **P <0.01, *** P <0.001.
Fig. 4 Effects of Wuling Powder on expression of Notchl, Hesl and Jaggedl proteins in NS mice

Conclusions and Discussion

Nephrotic syndrome belongs to the category of " edema" , "
consumptive disease" and " turbid urine" in traditional Chinese
medicine, and often shows the characteristic of mixed deficiency
and excess, frequent recurrence and difficult cure in clinic”® ™.
Wuling Powder is a classic ancient formula derived from Zhang
Zhongjing’s Treatise on Febrile Diseases, composed of five Chinese
herbs; Oriental Waterplantain Rhizome, Poria, polyporus, Cinna-
momi Ramulus and Rhizoma Atractylodis Macrocephalae. This
prescription has the effects of warming yang and transforming qi,
removing dampness and promoting water circulation, and is often
used to treat various diseases such as Taiyang disease, cholera,
cough with phlegm and gonorrhea. Nowadays, it is often used in
clinic to treat chronic urinary retention, chronic diarrhea, nephrot-
ic syndrome with yang deficiency, chronic glomerulonephritis with
MM Sudies

have shown that Wuling Powder has a definite curative effect on

yang deficiency and water and dampness retention

NS, and can effectively reduce the level of urine protein, relieve
edema symptoms and kidney damage'” ™"’ proving that Wuling

Powder is a classic ancient prescription for NS treatment with great

development potential.

Notch signaling pathway is a highly conservative signal trans-
duction system, which plays a key role in the process of glomerulo-
sclerosis and tubulointerstitial fibrosis and participates in the oc-

-2 1In this study, adriamycin was

currence of renal diseases
used to induce a mouse model of nephrotic syndrome and the phar-
macodynamics of Wuling Powder in treating NS was observed. The
experimental results showed that the model group exhibited a lot of
urine protein and obvious NS pathological damage, and Wuling
Powder could reduce the urine protein and creatinine contents of
NS mice and effectively improve the renal function and renal path-
ological damage of NS mice after intervention. Compared with the
control group, the expression of Notchl, Jaggedl, and Hesl mR-
NA in the model group was upregulated, and after treatment with
different doses of Wuling Powder, the expression was downregulat-
ed; and the expression of Notchl, Hes, and Jaggedl proteins was
significantly upregulated in the kidneys of NS mice, while Wuling
Powder could significantly reduce their expression. The above re-
sults suggested that Wuling Powder could exert its effects in the NS
mouse model by blocking the Notch signaling pathway, reducing
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urine protein and alleviating renal tissue damage.

In summary, this study preliminarily confirmed that Wuling Pow-
der had a protective effect on the kidneys of NS mice, and alleviated
renal pathological damage. Its mechanism might be related to the inhi-
bition of the Notch pathway, providing a theory for later development
and utilization of Wuling Powder and drug development.

References

[1] SURYAWANSHI M, KARNIK S, ROY S. Clinicopathological analysis of
glomerular disease of adult onset nephrotic syndrome in an Indian cohort :
A retrospective study[ J]. Journal of Clinical and Diagnostic Research,
2017, 11(5) . EC25 - EC30.

[2] AGRAWAL S, ZARITSKY JJ, FORNONI A, et al. Dyslipidaemia in ne-
phrotic syndrome ; Mechanisms and treatment[ J ]. Nature Reviews Neph-
rology, 2018, 14(1) . 57 -70.

[3] WANG H, WU MY, ZHANG YZ. Clinical study of Jiawei Qingxin Lianzi
decoction in the treatment of nephrotic syndrome during hormone with-
drawal period[ J]. Chinese Pediatrics of Integrated Traditional and West-
ern Medicine, 2021, 13(1); 76 =79. (in Chinese).

[4] HUANG LZ, ZHENG J. Research progress of traditional Chinese medi-
cine in treating nephrotic syndrome in children[ J]. World Latest Medi-
cine Information, 2020, 20(87) : 79 —80. (in Chinese).

[5] CHENG FY, LI XB, LIU YN. Experience in the treatment of Wuling
Powder[ J]. China’s Naturopathy, 2020, 28(3) : 76 —=78. (in Chinese).

[6] LIN XF, LIANG JC. Overview of pharmacological research on the effects
of Wuling Powder on the urinary, digestive, and immune systems[]].
Journal of Liaoning University of Traditional Chinese Medicine, 2008
(11) ;200 —201. (in Chinese).

[7] LIJ, LI X. Effects of Zuogui Pill on the expression of NF-kB and TNF-
ain rats with nephroticsyndrome [ J ]. Practical Pharmacy and Clinical
Remedies, 2021, 24(1): 29 —=33. (in Chinese).

[8] HE SS, LI AP, ZHANG WN, et al. Research progress on adriamycin ne-
phropathy model and its pathological mechanism[J]. Chinese Traditional
and Herbal Drugs, 2018, 49(22) . 5426 —5434. (in Chinese).

[9] HUANG J, WANG Z. Clinical efficacy on addition and subtraction thera-
py of Zhibai Dihuangwan combined with Wulingsan on children with re-
fractory nephrotic syndrome[ J ]. Chinese Journal of Experimental Tradi-

Editor; Yingzhi GUANG

0®00®0000S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S

(Continued from page 24)

[8] LAI XH. The experimental research on the burdocks influence on the
sporting ability of mice[ J]. J Chongqing Med Univ, 2010, 35(3) .
375 -377. (in Chinese).

[9] XU C, LVJ, LO Y M, et al. Effects of oat B-glucan on endurance ex
ercise and its anti-fatigue properties in trained rats[ J]. Carbohydrate
Polymers, 2013, 92(2) . 1159 - 1165.

[10] GUO ZR. Effect of anti-fatigue No. 1 on blood lactic acid content in
swimming Rats [ J]. Chinese Journal of Pathophysiology, 1998, 14
(2):34. (in Chinese).

[11] MA N, TAO H, DU H, et al. Antifatigue effect of functional cookies
fortified with mushroom powder ( Tricholoma Matsutake) in mice[ J].
Journal of food science, 2020, 85(12) ; 4389 —4395.

[12] TANG HQ, CHEN H, WEL Y, et al. Effects of Dendrobium officinale
on Energy Metabolism and Expression of CNTF mRNA in Athletic Fa-
tigue Mice [ J]. Chinese Journal of Experimental Traditional Medical
Formulae, 2014, 20(15) ; 164 —167. (in Chinese).

[13] GAO TY. Experimental study on the effect of Sanxian Decoction on ex-

ercise-induced fatigue in mice[ D]. Harbin; Harbin Sport University,

Editor: Yingzhi GUANG

tional Medical Formulae, 2021, 27(10) : 70 =75. (in Chinese).

[10] LI XJ. Research progress in the treatment of nephrotic syndrome with tra-
ditional Chinese medicine[ J]. Chinese Journal of Urban and Rural In-
dustrial Hygiene, 2021, 36(8): 26 —28. (in Chinese).

[11] YANG J, SHEN SH, LIU JJ. Observation on the clinical curative effect
of Wuling Powder in treating patients with chronic glomerulonephritis of
lung and kidney qi deficiency and its effect on inflammatory factors[J].
Traditional Chinese Drug Research and Clinical Pharmacology, 2021, 32
(9): 1386 —=1390. (in Chinese).

[12] GONG YL, HUANG HF, LIU Z, et al. Clinical and experimental re-
search progress of Wulingsan in treatment of renal diseases: A review
[J]. Chinese Journal of Experimental Traditional Medical Formulae,
2021, 27(13) : 199 —206. (in Chinese).

[13] LI SS, LYU J. Research progress in the treatment of kidney diseases
with Wuling Powder[ J]. Shanxi Journal of Traditional Chinese Medi-
cine, 2021, 37(7) : 59 —60. (in Chinese).

[14] WANG YL, GONG LP, GUO CF. Research progress of Wuling Powder’s

experimental pharmacological action and clinical application[ J]. Journal

of Hubei College of Traditional Chinese Medicine, 2021, 23(2); 118 —

120. (in Chinese).

HU XG, GENG F, JIANG C, et al. Progress of Wuling Powder in clini-

cal and experimental research in chronic kidney disease[ J]. Journal of

Liaoning University of Traditional Chinese Medicine, 2021, 23 (10):

203 —206. (in Chinese).

ZHANG QX, CHEN SL, WEN XP, et al. Effects of Ramulus Cinnamo-

mi in kidney-protecting effect of Wuling Powder on adriamyci nephropa-

thy model rats[J]. Journal of Traditional Chinese Medicine, 2019, 60

(2): 150 —=154. (iin Chinese).

[17] LIU M, LIANG K, ZHEN ], et al. Sirt6 deficiency exacerbates podocyte
injury and proteinuria through targeting Notch signaling [ J]. Nature
Communications, 2017, 8(1) : 413.

[18] HUANG LL, WU Q, SHI WR, et al. Huangkui Capsules alleviate high
glucose-induced damage to renal tubular epithelial cells by inhibiting the

[15

[

[16

[l

Notch signaling pathway[ J]. Chinese Journal of Gerontology, 2021, 41
(24) : 5656 —5658. (in Chinese).

[19] GAO F, WANG ZZ, YANG B, et al. Effect of modified Shengjiangsan
on notch signal pathway and podocyte apoptosis in MN rats[ J]. Chinese
Journal of Experimental Traditional Medical Formulae, 2021, 27(4) : 30
—36. (in Chinese).

Proofreader: Xinxiu ZHU

0O®00#00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

2019. (in Chinese).

[14] NYBO L. CNS fatigue and prolonged exercise: Effect of glucosesupple-
men-tation[ J]. Med Sci Sports Exerc, 2003, 35(4) : 589 —594.

[15] COSTILL DL, HARGREAVES M. Carbohydrate nutrition and fatigue
[J]. Sports Med, 1992, 13(2): 86 -92.

[16] LI YC. Study on anti-fatigue mechanism of effective parts of Cistanche
deserticola D]. Beijing; Peking Union Medical College, 2007. (in
Chinese) .

[17] FENG WQ. Research progress of sports fatigue and recovery process
and sports ability[ J]. Journal of Beijing Sport University, 1993(2) .
20 —32. (in Chinese).

[18] TALON S, GIROUX-METGES MA, PENNEC JP, et al. Rapid pro-

tein kinase C-dependent reduction of rat skeletal muscle voltage-gated

sodium channels by ciliary neurotrophic factor [ J]. Physiol, 2003,

565(3) : 827.

PEROULAKIS ME, FORGER NG. Ciliary neurotrophic factor increa-

ses muscle fiber number in the developing levatorani muscle of female

rats[ J]. Neurosci Lett, 2000, 296 73.

[19

[

Proofreader: Xinxiu ZHU



