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Background: Shen-Qi-Wan (SQW), a commonly used prescription against chronic kidney disease (CKD) in Tradi- 

tional Chinese Medicine (TCM), has a nephroprotective action in adenine-induced kidney injury. However, the 

mechanism of SQW in renal injury remains unclear. 

Objective: This study was undertaken to measure the effect of SQW on peritubular capillary injury both in vivo 

and in vitro assays. 

Methods: The effect of SQW on the peritubular capillary injury was evaluated according to measuring 

hypothalamic-pituitary-adrenal (HPA) function, inflammatory cytokines, VEGF (vascular endothelial growth fac- 

tor), CD34 (Cluster of differentiation 34), and AQP1 (Aquaporin 1) levels in the kidney, cell migration, and lumen 

forming capacity. 

Results: SQW supplementation could ameliorate dysfunction of the HPA and renal function loss induced by 

adenine. SQW also significantly inhibited the inflammatory cytokines including MCP-1 (monocyte chemotactic 

protein-1) and VCAM-1 (vascular cell adhesion molecule-1) level. Alternatively, SQW administration showed an 

ameliorating effect from the toxicity and alleviated the injury of capillaries around renal tubules instigated by 

adenine through increasing AQP1 mRNA and protein level. SQW medicated the serum enhanced the migration 

and lumen formation ability of HMEC-1 cells, and significantly increased AQP1 protein level. Moreover, AQP1 

knockdown efficiently inhibited the migration and lumen formation ability in HMEC-1 cells, and weakened the 

effect of SQW medicated serum. 

Conclusion: These results suggested that SQW attenuated peritubular capillary injury in adenine-induced CKD 

model rats through boosting angiogenesis in endothelial cell, and AQP1 may be a potential target of SQW for 

treating the renal injury. 
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. Introduction 

Chronic kidney disease (CKD), also called chronic kidney failure,

as the gradual loss of kidney function due to different anamolies like-

ypes- 1 or 2 diabetes, high blood pressure, glomerulonephritis, intersti-

ial nephritis, polycystic kidney disease ( Romagnani et al., 2017 ). It is

onsidered a severe public health problem, leading to death due to fail-

re in the cardiovascular and renal systems ( Wuttke et al., 2019 ). It has

een estimated that about 10% of the world’s population was afflicted

ith CKD ( Qiu et al., 2018 ). Therefore, the prevention and therapeutic

easures for CKD in a preclinical system have to be addressed, aggres-

ively. 
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The pathological syndrome of CKD was renal function loss, includ-

ng glomerular sclerosis ( Lemley, 2016 ; Munoz-Felix et al., 2014 ), tubu-

ar atrophy ( Denic et al., 2016 ), and interstitial fibrosis ( Li et al.,

019 ; Roediger et al., 2018 ). Studies showed that peritubular cap-

llary rarefaction prominently correlates with impaired kidney func-

ion. Moreover, peritubular capillary rarefaction is a prominent his-

ological characteristic of CKD and a central driving force of CKD

rogression ( Babickova et al., 2017 ). Studying the pathophysiologi-

al changes of capillary endothelial cells, protecting the capillaries of

he kidney, and improving renal microcirculation have received more

nd more attention in the treatment of CKD ( Rabelink et al., 2007 ;

enkatachalam et al., 2015 ). Capillary endothelial cells can instantly

witch to an activated migratory state in response to growth factor stim-

li, primarily through vascular endothelial growth factor (VEGF) sig-

aling ( Eelen et al., 2018 ). Therefore, the present study considered ex-

mining the pivotal regulator of CKD progression, such as peritubular

apillary rarefaction. 
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Traditional Chinese medicines have plenty of beneficiary properties,

ut insufficient evidence prevents them from being mainstream ortho-

ox medicine. Shen Qi Wan (also known as Gui Fu Di Huang Wan;

QW) is a famous Chinese alternative medicine, widely used against

idney disorders ( Wang et al., 2016 ). The components of SQW are com-

osed of eight traditional Chinese herbs-Dihuang, Danpi, Shan Zhuyu,

ulin, Shanyao, Zhexie, Rougui, and Fuzi (Table 1). In a recent study,

QW treatment alleviated renal morphological changes and reduced in-

ammatory activity, glomerular necrosis in adenine-induced CKD model

ats ( Chen et al., 2017 ). Studies demonstrated that components of SQW

re also closely associated with the angiogenesis process. Diosgenin (ex-

racted from the root of wild yam) treatment enhanced endothelial pro-

iferation and angiogenesis activating via HIF-1 𝛼 and VEGF pathways

o boost bone formation and the process of fracture healing ( Yen et al.,

005 ). Catalpol, an active component of Radix Rehmanniae, used in the

reatment of neurodegenerative diseases, ischemic stroke, metabolic dis-

rders has been experimentally demonstrated that it can improve angio-

enesis in rats’ stroke model ( Dong et al., 2016 ). 

Aquaporin (AQPs) membrane receptors are extremely abundant in

he nephron. AQPs act as membrane water channels that involve the se-

retion and absorption of water and also maintain the osmotic balance

f the cell membrane ( Verkman et al., 2014 ). The majority of AQP1 is

istributed in the proximal and basement membrane cells of the kidney’s

roximal tubules, the descending branch of medullary stenosis, and the

mall vascular endothelial cells ( van Koppen et al., 2012 ). Increasing ev-

dence disclosed that AQP1 involves microvessel formation and cell mi-

ration ( Palethorpe et al., 2018 ; Zhou et al., 2019 ). Thus, AQP1 might be

losely related to peritubular capillary rarefaction. Based on the above

esearch background, we hypothesized that SQW treatment might alle-

iate peritubular capillary rarefaction through enhancing AQP1 expres-

ion in the kidney. We examined the beneficiary effect of SQW on the

denine-induced CKD model system and explored whether SQW could

mprove the perivascular circumference in AQP1 knockdown-HMEC-1

ell. 

. Materials and Methods 

.1. Drugs 

SQW (Batch No. 16,1101), Chinese patent medicine, was purchased

rom Henan Wanxi Pharmaceutical Co., Ltd.(Henan, China). The qual-

ty control of SQW of different batch numbers measured by high-

erformance liquid chromatography (HPLC) analysis met the require-

ents of the 2015 version of Chinese pharmacopoeia. The total aver-

ge quantity of Morroniside and logan was 6.46 mg/g, and paeonol

as 4.3 mg/g ( Zheng, 2018 ). The main five components (higenamine,

oryneine chloride, salsolinol, o-anisaldehyde, and cinnamic acid) be-

onging to the jun herbs Ramulus Cinnamomi and Radix aconiti lateralis

reparata were detected by ultra-performance liquid chromatography

UPLC) ( Zhang et al., 2019 ). 

.2. Animals 

Male SD rats in SPF grade ( n = 30; age 8 weeks; weight 250 ± 10 g)

ere purchased from Shanghai Xipuer Bikai Experimental Animal Co.

td. (Laboratory animal production license number: SCXK (Shanghai)

013–0016). Rats were housed in an environmentally controlled barrier

oom of Animal Center of Zhejiang University of Traditional Chinese

edicine with optimal ambient temperature (20 ± 2 °C) and humidity

f 50–60%. Sterilized food and water were provided. The Laboratory

reeding room license number was SYXK (Zhejiang) 2013–0184. 

All 30 rats were randomly divided into control group, and model

roup (adenine-induced CKD), and three doses of SQW treatment group

1.5, 3, and 6 g/kg/d, n = 6 in each sub-group). The dosage of ade-

ine was 150 mg/kg BW/day. The model group and three doses of

QW groups were administrated with adenine for 2 weeks. In the next
2 
 weeks, three doses of SQW groups were continuously administered

ith adenine supplemented with SQW, while the model group was sup-

lemented with water. The volume of gavage was 0.1 ml/10 g BW. 

According to the conversion method of the dosage of experimental

nimals and humans, the dosage of 3.0 g/kg BW SQW is equivalent to

.7 times the clinical dosage. 

.3. Ethics statement 

The animal experiment was approved by the Ethics of Commit-

ee of Zhejiang Traditional Chinese Medical University (Ethical review

esolution number: ZSLL-2017-054). All experimental procedures were

erformed under the Provision and General Recommendation of the

hinese Experimental Animal Administration Legislation. All rats were

nesthetized by intraperitoneal injection of sodium pentobarbital at a

ose of 50 mg/kg, euthanized by carbon dioxide. All efforts were made

o minimize animals suffering. 

.4. H & E Staining 

The kidney tissues from each group were fixed in 10% formaldehyde.

fter paraffin embedding, the tissues were sectioned into 3–5 μm thick-

ess for H & E staining. The pathological conditions of renal tissues from

ifferent groups were observed under a light microscope (Leica, Ger-

any). The results of H&E staining were observed for the morphology

nd structure of the rat’s kidney tissues. 

.5. ELISA 

The hypothalamus, serum, and urine samples were collected. 9 vol.

f PBS (Solarbio, Beijing, China) were added with the isolated hypotha-

amus and centrifuged at 2000 rpm for 10 min. Collected blood samples

ere centrifuged at 3000 rpm for 10 min. The urine was collected and

entrifuged at 3000 rpm for 5 min. The levels of ACTH, CORT, VCAM-

, VEGF, and U-TP were measured according to the manufacturer’s in-

tructions in the ELISA kit (Shanghai Xinfan Biotechnology, Shanghai,

hina). The automatic biochemical detector is used to detect the con-

ent of blood urea nitrogen (BUN), serum creatinine (Scr) and urinary

7-hydroxy corticosteroid (17-OHCS). 

.6. Immunohistochemistry 

Parrafin-embedded renal sections (3–5 μm) were baked in an incu-

ator at 60 °C for 2 h and then washed in distilled water for 2 min.

he tissue sections were quenched using 3% H 2 O 2 for 10 min followed

y washing in PBS. Tissue sections were incubated with anti-Aquaporin

 primary antibody (Abcam, Cambridge, UK), anti-CD34 primary an-

ibody (HUABIO, Hangzhou, China), and anti-VEGF primary antibody

HUABIO, China) at 37 °C for 60 min. After washing with PBS, tissue

ections were incubated with secondary antibodies (LI-COR, USA) at

7 °C for 60 min. The DAB substrate system was used to develop the

olor. The images were captured in a bright field digital microscope,

nd the analysis was performed by open source Image J software (NIH,

SA). 

.7. qPCR 

Total RNA was extracted from the tissues using the MiniBEST Uni-

ersal RNA Extraction kit (Takara, Japan). The cDNA was prepared us-

ng RNA reverse transcription kit PrimeScript TM RT reagent (Takara,

apan). And The gene expression was analyzed using qPCR kit SYBR

remix Ex Taq II (Takara, Japan). The relative quantitative analysis

f gene expression was complied with the 2 − ΔΔct method. All specific

rimer sequences used in experiments are listed in Table 2 . 
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Table 1 

Formulation of Shen-Qi-Wan. 

Chinese names Pharmacognostic nomenclature Botanical nomenclature Proportion of ingredients (100%) 

Dihuang Rehmanniae Radix Praeparata Rehmannia glutinosa Libosch. 29.7 

Danpi Moutan Cortex Paeonia suffruticosa Andr. 11.1 

Shan Zhuyu Corni Fructus Cornus officinalis Sieb. et Zucc. 14.8 

Fulin Poria Poria cocos (Schw.) Wolf 11.1 

Shanyao Dioscoreae Rhizoma Dioscorea opposita Thunb. 14.8 

Zhexie Alismatis Rhizoma Alisma orientalis (Sam.) Juzep. 11.1 

Rougui Cinnamomi Cortex Cinnamomum cassia Presl 3.7 

Fuzi Aconiti Lateralis Radix Praeparata Aconitum carmichaelii Debx. 3.7 

Table 2 

List of specific primer sequences. 

Sl.no Gene Primer Rat sequence 5’-3’ Human sequence 5’-3’ 

1 AQP1 AQP1-F CTGGATGTGGTTGCTGTGGT CCGCAATGACCTGGCTGATGG 

AQP1-R CCTCCATGTAGCAGGCATTG CGCCTCCGGTCGGTAGTAGC 

2 𝛽-actin 𝛽-actin-F GCTCTCTTCCAGCCTTCCTT GGGACCTGACTGACTACCTC 

𝛽-actin-R GGTCTTTACGGATGTCAACG TCATACTCCTGCTTGCTGAT 
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.8. Western blot 

Total protein was extracted from the renal tissue in RIPA ly-

is buffer (Beyotime, China) mixed with 1% phosphatase inhibitor

CWBIO, China), 1% protease inhibitor (CWBIO, China), and 1%

MSF (Beyotime, China). The protein concentration was estimated

y the BCA method. The protein was separated using SDS-PAGE

el and transferred onto a PVDF membrane (162–0177, BIO-RAD,

SA). The membranes were blocked in 5% skimmed milk (BD, Amer-

ca) in PBST for 90 min, and later, incubated with primary an-

ibodies (anti-Aquaporin 1(Abcam, UK), anti-CD34(HUABIO, China),

nti-VEGF(HUABIO, China), anti- 𝛽-actin(HUABIO, China)) overnight

t 4 °C. Later, the primary antibody labeled membranes were incu-

ated with specific secondary antibodies. The protein expression was

isualized through Odyssey two-color infrared laser imaging system

Odyssey Clx, USA), and was analyzed with the following formula:

𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑔𝑟𝑎𝑦 𝑣𝑎𝑙𝑢𝑒 = ( 𝑠𝑎𝑚𝑝𝑙𝑒 𝑔𝑟𝑎𝑦 𝑣𝑎𝑙𝑢𝑒 ∕ 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 
𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑎𝑦 𝑣𝑎𝑙𝑢𝑒 ∕ 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 ) 

.9. SQW containing serum isolation and purification 

Twenty SPF male SD rats were marked, weighed, and randomly di-

ided into the normal control and SQW (3.0 g·kg − 1 ) groups, with 10

ats in each group. The rats in the SQW group were given a gavage of

00 g/1 mL by intragastric administration twice a day for 5 consecutive

ays. The normal control group received the same volume of saline. Dur-

ng the administration period, the rats were on a regular diet. However,

hey were not provided with food, but water was allowed 12 h before

he last administration. 

After the last dose of SQW administration, rats were anesthetized,

nd cardiac blood was collected under aseptic conditions. It was allowed

o stand for 1 h after isolation and centrifuged at 3000 rpm for 15 min.

he collected serum was sterilized by filtration 0.22 μm filter (Millipore,

SA). The sterilized serum was then heat-inactivated at 56 °C for 30 min

n a water bath. 

.10. Cell culture 

HMEC-1 cells (iCell Bioscience, China) were grown in Endothe-

ial Cell Medium (ECM) containing 10% fetal bovine serum (FBS),

0 ng·mL − 1 Epidermal Growth Factor (EGF), 1 μg·mL − 1 hydrocortisone

cetate, 10 mM glutamine, 1% penicillin and streptomycin (1:1). The

ells were maintained in an incubator with 5% carbon dioxide (Thermo,

SA) at 37 °C. The cells were administrated with different doses of serum

ontaining SQW and normal serum. The specific groups included 10% of
3 
ormal rat serum group (10% NRS), 5% each of SQW-normal rat serum

ix group (5% SQW + 5% NRS), and different concentrations of SQW-

ontaining serum diluted with normal rat serum. The cells were starved

or 2 h in a serum-free medium before the treatment. 

.11. AQP1 RNAi Lentivirus transduction 

HMEC-1 cells (2 × 10 5 ) were seeded in a 6 well plate, incubated

or 24 h, and transduced with RNAi-expressing lentivirus particles. The

NAi-AQP1 lentivirus (V1 and V2) and negative control lentivirus (NC)

ere purchased from Genechem Co., LTD (Shanghai, China). AQP1

ransfection efficiency was observed after three days from the transduc-

ion by qRT-PCR and Western Blot. 

.12. Cell scratch assay (migration assay) 

3 × 10 5 HMEC-1 cell was seeded in a 6 well plate. Before the

reatment, the cells were washed with PBS (Solarbio, China), and each

roup was added with corresponding drug-containing serum and pho-

ographed at 0, 6, 12, 24 h. Analysis of the migration area was deter-

ined by LAS V4.4 software. 

.13. In vitro lumen formation assay 

Matrigel gel (60 μL/well) was added to the 96 well plate and placed

n an incubator for 30 min to solidify. The HMEC-1 cell suspension was

repared and added to the 96 well plate containing Matrigel gel. Differ-

nt types of serum were added. After culturing in the incubator for 4 h

t 37 °C, random fields were selected and photographed. The image was

rocessed by Image J software. 

.14. Statistical analysis 

The SPSS19.0 statistical software was used to perform a normality

est on data set, which was confirmed to the normal distribution, using

ne-Way ANOVA. If the equation is homogeneous, the LSD test was

sed. Otherwise Games-Howell (A) test was employed; P < 0.05 and

 < 0.01 were considered statistically significant. 

. Results 

.1. Effect of SQW on renal morphological 

The renal injury was induced by adenine treatment in the rat. As

hown in Fig. 1 A, the structure and morphology of glomeruli and re-
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Fig. 1. The effect of SQW on kidney injury in rats. (A) Respective images of HE stained kidney tissue. (B–E) Indices for renal function, including levels of blood 

urea nitrogen (BUN), serum creatinine (Scr), 24 h urine protein excretion (U-TP) and creatinine clearance (Ccr) in rats ( n = 6). Small horizontal bars indicate 

the mean ± S.D. # P < 0.05, ## P < 0.01 compared with control group; ∗ P < 0.05, ∗ ∗ P < 0.01 compared with model group. (Control (Saline), animal model 

(Adenine-induced chronic kidney disease) and SQW treatment (1.5 g/kg, 3 g/kg and 6 g/kg) in the model animal.) 

4 
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Fig. 2. The effect of SQW on CRH, ACTH, CORT and 17-OHCS in rats. (A–D) Indices for well-established CKD model rats, including levels of hypothalamic CRH, 

serum ACTH, CORT and urine 17-OHCS in rats ( n = 6). Small horizontal bars indicate the mean ± S.D. # P < 0.05, # # P < 0.01 compared with control group; 
∗ P < 0.05, ∗ ∗ P < 0.01 compared with model group. 
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al tubules were deformed and damaged. More specifically, histological

xamination revealed that in the adenine treated (model) group, the

lomerulus internal structures collapsed, the renal tubules dilated, the

umens deposited, and the renal tubules blocked as compared with con-

rol groups. The administration of different doses of SQW alleviated the

denine-mediated structural damages. 

.2. Biochemical analysis of renal toxicity 

In Fig. 1 B–E, the levels of BUN ( P < 0.01), Scr ( P < 0.01) and U-TP

 P < 0.01) were significantly elevated in the model group as compared

ith the normal control groups and in contrast, Ccr ( P < 0.01) level

as decreased in the model group as compared with the normal control

roup. The corresponding indicators’ changes in the SQW group pointed

ut the beneficial nature of the drug in reducing renal toxicity. 

.3. HPA axis functioning analysis 

Adenine treatment in the rat observed in Fig. 2 A–D was toxic as

he CRH ( P < 0.01), ACTH ( P < 0.01), CORT ( P < 0.01), and 17-OHCS
5 
 P < 0.01) levels were diminished compared with normal control rats.

oreover, treatment with SQW elevated the enzyme levels in rats. 

.4. Recovery of VEGF expression by SQW in renal tissues 

To examine the effect of SQW on alleviating perivascular capillary

amage induced by adenine in rats, the anti-VEGF antibodies in rat kid-

ey sections were employed ( Lin et al., 2011 ). As shown in Fig. 3 .A, the

EGF expression was mainly observed on the cell membrane and cyto-

lasm regions. Adenine led to a reduction in VEGF expression as com-

ared with normal control groups. On the other hand, SQW (3 g·kg − 1 )

nhanced VEGF expression compared with the model group. 

.5. Recovery of perivascular capillary density by SQW in renal tissue 

Perivascular capillary density was labeled by anti-CD34 antibody

taining. The CD34 staining was reduced in the model group of rats com-

ared with the control group. As shown in Fig. 3 B, the dose of 3 g·kg − 1 

QW was most effective against adenine toxicity. 
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Fig. 3. The effect of SQW on capillary en- 

dothelium of renal tubule in rats. (A) In- 

dice for perivascular capillary damage- Im- 

munohistochemistry was used to assess the 

VEGF in kidney tissue of rats ( n = 3). (a) 

Brown granules represent positive expres- 

sion of VEGF protein. (B) Indice for perivas- 

cular capillary injury- Immunohistochem- 

istry of CD34 protein in the kidney of rats. 

CD34 protein is localized in the cell mem- 

brane ( n = 3). (b) Brown or tan gran- 

ules represent positive CD34 protein. (C) In- 

dice for inflammation followed by perivas- 

cular capillary injury-The serum level of pro- 

inflammatory cytokine vascular cell adhe- 

sion molecule-1 (VCAM-1) in rats ( n = 6). 

(D) Indice for inflammation followed by 

perivascular capillary injury-Western blot of 

monocyte chemotactic protein-1 (MCP-1) in 

kidney tissue of rats ( n = 6). Small horizon- 

tal bars indicate the mean ± S.D. # P < 0.05, 
## P < 0.01 compared with control group; 
∗ P < 0.05, ∗ ∗ P < 0.01 compared with model 

group. (For interpretation of the references 

to color in this figure legend, the reader is 

referred to the web version of this article.) 
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.6. Ameliorating inflammatory cytokines by SQW in renal tissue 

The Fig. 3 C, D dipicts VCAM-1 ( P < 0.01), and MCP-1 ( P < 0.01)

xpression which was increased in the model group compared with the

ormal control group. VCAM-1 and MCP-1 expressions were reduced in

QW groups versus model group ( Fig. 3 C, D). 
6 
.7. Effect of SQW on AQP1 in the kidney 

As shown in Fig. 4 , adenine treatment significantly suppressed

he AQP1 expression in both mRNA and protein levels. More-

ver, the SQW supplement eventually enhanced the AQP1 expression
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Fig. 4. The effect of SQW on renal AQP1 expression level. (A) The AQP1 mRNA level in the kidney of SD rats was measured by qPCR ( n = 6). (B) Analysis of AQP1 

protein in the kidney of SD rats through Western blot ( n = 6). (C) Evaluations of AQP1 expression in the kidney of SD rats through immunohistochemistry ( n = 3). 

AQP1 is mainly expressed in cytoplasm and cell membrane. (c) Brown granules represent positive AQP1 protein. Small horizontal bars indicate the mean ± S.D. 
# P < 0.05, # # P < 0.01 compared with control group; ∗ P < 0.05, ∗ ∗ P < 0.01 compared with model group. (For interpretation of the references to color in this figure 

legend, the reader is referred to the web version of this article.) 
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.8. Effect of SQW medicated serum on cell migration and lumen forming 

apacity 

The findings of Fig. 5 A, B indicated that the lentivirus V2 group could

fficiently and stably weaken the AQP1 level in HMEC-1 cells. As shown

n Fig. 5 C, SQW upregulated AQP1 protein level compared with the

ontrol group (NC-10%NRS) and also inhibited downregulated AQP1

rotein level with AQP1 knockdown (V2-10%NRS). AQP1 knockdown

lso inhibited the effect of SQW medicated serum on cell migration and

umen formation ( Fig. 6 A, B). 

. Discussion 

Chronic kidney disease is accompanied by a silent kidney loss due to

ifferent disorders like diabetes, high blood pressure, glomerulonephri-

is, interstitial nephritis, polycystic kidney disease. Indeed CKD is an

ndecorated public health problem, as large number of the population

s affected by it. In this study, the effect of SQW on CKD animal model
7 
as been described in this article and we delineated the working princi-

le of SQW in cell lines and animal models. 

The animal model provides a meaningful platform to examine the

nderlying mechanism of therapy against CKD. The adenine-induced

at model is one of the successfully adopted CKD models, manifested

n the appearance of the corresponding symptoms, such as lesions of

roximal tubules, of some distal tubules. There is a probability to

ithstand with the CKD to targeted repair of peritubular capillary

ndothelium and glomeruli ( Diwan et al., 2018 ). Adenine treatment-

nduced destruction of renal structure and function in rats’ renal tis-

ue appeared and hence provided a suitable model to analyze patho-

ogical markers- BUN, Scr, and U-TP/24 h, morphological changes of

idney fibrosis with accordance to the conventional CKD syndrome

 Chen et al., 2017 ). Serum BUN, SCr, and U-TP/24 h urine protein

re the indicators of renal function, and a significant increase of these

roteins in CKD are highly measured. Moreover, with SQW, a reduced

erum BUN, SCr, and U-TP urine protein were observed, indicating

mproved renal function. Hypothalamic-pituitary-adrenal (HPA) axis
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Fig. 5. Effect of AQP1 knockdown on the AQP1 expression in HMEC-1 cells. (A) Effect of different interference targets of AQP1 RNAi lentivirus (V1, V2) and negative 

control (NC) on mRNA expression of AQP1 in HMEC-1 cells ( n = 4). mean ± S.D. ∗ ∗ P < 0.01 compared with negative control group. (B) Effect of different interference 

targets of AQP1 RNAi lentivirus (V1, V2) and negative control (NC) on protein expression of AQP1 in HMEC-1 cells ( n = 4). mean ± S.D. ∗ ∗ P < 0.01 compared 

with negative control group. (C) With lentivirus V2 and SQW (3 g/kg) medicated serum treatment, the protein expression of AQP1 was detected by western blot 

( n = 4). mean ± S.D. ▪P < 0.05, ▪▪P < 0.01 compared with NC-10%NRS; # P < 0.05, # # P < 0.01 compared with V2-10%NRS; ∗ ∗ P < 0.01 compared with NC-10%NRS; 
▴P < 0.05 compared with NC-5% SQW + 5% NRS. (CN: control group, NC: negative control group, V1: the lentivirus V1 group , V2: the lentivirus V2 group, NRS: 

Normal rat serum). 
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arkers, including CRH, ACTH, CORT, and 17-OHCS, are associated

ith end-stage renal disease, which is highly suppressed in CKD pa-

ients ( Cardoso et al., 2016 ). The hormonal imbalance was observed

n CKD disorder. Adenine administration also caused an increase in

hese hormonal levels which showed improvement in the presence of

QW. 

Consequently, peritubular capillary injury in kidney tissue with

denine is noticed, is usually accompanied by CKD-like symptoms

 Kramann et al., 2014 ). The loss of peritubular capillaries is a common

eature of progressive renal disease ( Tanaka and Nangaku, 2013 ), com-

on in both animal models and renal disease patients ( Babickova et al.,

017 ). At this stage, the function of the endothelial cells are compro-

ised ( Ligresti et al., 2016 ). Endothelial cells, serving as the inner lining

f the vessel wall, often assemble to form a lumen and consist of many

lood vessels that supply and deliver nutrients and oxygen to the body

 Watson et al., 2017 ; Rohlenova et al., 2018 ). The endothelium cells

re the main components of blood vessels, thus playing a nodal role

n angiogenesis. Previous evidence showed that VEGF is a key media-

or of vascular formation ( Carmeliet et al., 1996 ). Physiological events,
8 
ncluding cell proliferation, migration, survival, and vascular permeabil-

ty during vasculogenesis and angiogenesis, were affected by VEGF sig-

aling by regulating several kinases’ activities ( Apte et al., 2019 ). The

esults of our research indicated that the group related to peritubular in-

ury showed a low level of VEGF expression favoring the earlier findings

 Krieter et al., 2010 ). 

Water channel protein-AQP1 maintains the osmotic balance in the

enal which is associated with cell migration and angiogenesis ( Narvaez-

oreno et al., 2019 ). Recently adequate evidence supported that inhibi-

ion of AQP1 relates to impaired migration, invasion, and tubulogenesis

n vitro ( Tomita et al., 2019 ; Shu et al., 2019 ). We have shown AQP1

nockdown inhibited cell migration and tube formation that was en-

anced by SQW administration. Moreover, SQW was able to upregulate

QP1 expression in the cells both in vitro and in vivo . AQP1 was uncov-

red as an important target for SQW. The silencing of AQP1 diluted the

ffect of SQW in the in vitro conditions was encouraging delineating the

olecular pathway for SQW in CKD pathogenesis in vitro and in vivo .

owever, future studies would be needed to support our findings in the

n vivo knockout system fully. 
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Fig. 6. Effect of SQW on promoting cell migration and tube formation after AQP1 knockdown in HMEC-1 cells. (A) Indice for angioplasty ability-Representative 

images of cell migration ( n = 4). mean ± S.D. ▪▪P < 0.01 compared with NC-10%NRS, ∗ ∗ P < 0.01 compared with NC-10%NRS, ▴P < 0.05 compared with V2-10% 

NRS, # # P < 0.01 compared with NC-5% SQW + 5% NRS. (B) Indice for angioplasty ability-Representative images of tube formation ( n = 4). mean ± S.D. ▪▪P < 0.01 

compared with NC-10%NRS, ∗ P < 0.01 compared with NC-10%NRS, ▴P < 0.05 compared with V2-10% NRS, # # P < 0.01 compared with NC-5% SQW + 5% NRS. 

(NC: negative control group, V2: the lentivirus V2 group , NRS: Normal rat serum, SQW: shenqiwan) 
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. Conclusion 

Our results led to conclude that SQW restores peritubular capillary

njury in adenine-induced CKD rats. SQW also significantly inhibited

he inflammatory cytokines including MCP-1 and VCAM-1 levels. Mean-

hile, SQW treatment enhanced AQP1 expression in the renal cells and
9 
issues. SQW also facilitated angiogenesis process, which was hampered

n the CKD model system. It has been demonstrated that SQW adminis-

ration attenuated renal vascular injury by boosting the angiogenesis

f endothelial cells. The protective effect of SQW on the angiogene-

is of endothelial cells provided a novel perspective for the treatment

f CKD. 
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