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A B S T R A C T

Introduction: According to previous reports, hypertension has become the most common chronic disease in the
world. Captopril, an angiotensin-converting enzyme inhibitor, has been widely used for the therapy of arterial
hypertension and cardiovascular diseases therapy. Besides, Shunaoxin pill (SNX) as a traditional Chinese pre-
scription showed antihypertensive effect in our previous research.
Objective: This study means to investigate whether SNX combining with captopril could show antihypertensive
and renal protective effects on spontaneous hypertension rats (SHRs).
Methods: SHRs were randomly assigned to four treatment groups, including non-treated group, captopril, SNX,
and captopril + SNX-treated groups. Their body weight and systolic blood pressure (SBP) were measured
weekly. Histopathological examination was analyzed through Masson staining and hematoxylin and eosin
staining. Biochemical analyses, ELISA, and western blot were used to analyze their combining mechanism.
Results: In this experiment, this combinatorial therapy significantly reduced aortic wall thickness, increased the
content of NO, NOS and eNOS, decreased the content of bradykinin and endothelin 1(ET-1), and regulated the
levels of TG, TC and HDLC back to normal, which suggested they could induce vasodilation and lower blood
pressure. Meanwhile, histological examination alleviated that captopril + SNX remarkably inhibited renal in-
jury, including tubular disorder, inflammatory cell infiltration and fibrosis. They down-regulated the serum
levels of BUN and Cr, protein expression of IL-1β, NF-κB, Bax, Cyt c, caspase 3, 8 and 9 in kidney tissues and
significantly increased the levels of Bcl-2 in kidney tissues compared with monotherapy group.
Conclusion: The combinatorial treatment of SNX and captopril lowered blood pressure through adjusting NO/
NOS, ET-1 and dyslipidemia profile. Furthermore, this treatment alleviated the kidney damage via reducing the
release of inflammatory factors and the expression of apoptotic markers. Therefore, these results provided a
rationale for future clinical use of SNX combined with captopril in antihypertensive and protecting renal
functions in hypertension.
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1. Introduction

According to previous reports, hypertension has become the most
common chronic disease in the world [1]. Meanwhile, more than a
quarter of Chinese adults had high blood pressure, whose number was
rising sharply [2]. Hypertension was accompanied by a variety of

complications, such as kidney damage, fatty liver and so forth [3]. As
an angiotensin converting enzyme inhibitor, captopril was widely used
in the treatment of hypertension and cardiovascular diseases. It alle-
viated hypertension-induced renal damage through the inhibition of
inflammation and NF-κB activation [4].

Shunaoxin pill (SNX), a traditional Chinese medicine product, is

Fig. 1. Effect on body weight and SBP of different groups. (A) Body weight, (B) Systemic blood pressure (SBP). The results were presented as the means± standard
error (n = 6), *p<0.05, **p<0.01, ***p<0.001 vs. SHR group.

Fig. 2. Effects of drug combination on histopathologic examination and NO, NOS, eNOS, Bradykinin, Ang II and ET-1 in rats. Representive photomicrographs for
aorta, magnification: 40 X (A) and 400 X (B). Groups listed as follows, (1) WKY group, (2) SHR group, (3) Captopril group, (4) SNX group and (5) Captopril + SNX
group. (C) Analysis of aortic wall thickness. The levels of (D) NO, (E) TNOS, (F) eNOS, (G) Bradykinin, (H) Ang II and (I) ET-1 in serum. The results were presented as
the means± standard error (n = 6). Different letters meant significant differences between two groups. Letters shared in common between or among the groups
indicated no significant differences (p<0.05).
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developed from the “Decoction of Xionggui” that it originated from an
ancient book of the Ming dynasty named Puji Fang. It was a famous
classical recipe in traditional Chinese prescription composed of
Chuanxiong (Ligusticum chuanxiong Hort, Umbelliferae) and Danggui
(Angelica sinensis radix, Umbelliferae). In our previous studies, the active
components in SNX were identified by UPLC-Q-TOF-MS, mainly con-
taining ferulic acid, senkyunolide I, senkyunolide A, Z-ligustilide and
levistolide A. SNX has an effect on reducing blood pressure of sponta-
neously hypertensive rat, which may be related to reduce angiotensin II
(Ang II) level and increase nitric oxide synthase level [5]. SNX induced
both of endothelium-dependent and endothelium- independent vas-
cular relaxation [6]. In clinic, SNX combined with conventional medical
treatment can better reduce the pulse pressure level of hypertensive
patients, reduce the variability of patients' blood pressure, and make
the blood pressure drop steadily [7]. Furthermore, it demonstrated that
both Chuanxiong and Danggui could reduce kidney injury through the
reduction of the inflammatory response [8,9]. The combination of
Chuanxiong and Danggui could also synergistically promote vasor-
elaxation in isolated rat aortas and spontaneously hypertensive rats
(SHR) [10].

In the treatment of hypertension, combination therapy has more
advantages than monotherapy, including complementary effects of
antihypertensive mechanisms, superposition of efficacy, and ultimate
reduction of adverse reactions of the disease [11]. In this study, we
tried to explore the combination of SNX and captopril on blood pressure
and renal protection in SHR.

2. Materials and methods

2.1. Drugs

SNX were donated by Tianjin Zhongxin Pharmaceutical Group Co.,
Ltd. (Tianjin, China). Captopril tablets were obtained from Shanghai
HengShan Pharmaceutical Co. (Shanghai, China).

2.2. Animals

24 male spontaneously hypertensive rats (SHR) (210± 10 g, 12
weeks olds) and 6 normotensive control Wistar Kyoto rats (WKY)
(210± 10 g, 12 weeks olds) were purchased from Vital River
Laboratory Animal Technology Co., Ltd. (License No. SCXK (Jing)
2016-0006, Beijing, China). They were housed under standard condi-
tions with free access to food and water. Before experiments, the rats
were allowed a one-week of acclimation in the animal quarters under
controlled temperature (23±2 ℃), humidity (55±15 %) and photo-
period (12 h light, 12 h dark). This animal study was approved by the
Institutional Animal Care and Use Committee of China, and institu-
tional guidelines for animal welfare and experimental conduct were
followed.

2.3. Drug administration and blood pressure measurement

SHRs were randomly assigned to four treatment groups. Group I
(SHR): gavage of 0.9 % saline solution every day. Group II (Captopril):
gavage of captopril (18.75 mg/kg body weight) in 0.9 % saline solution
every day. Group Ⅲ (SNX): gavage of SNX (1008 mg/kg body weight)
in 0.9 % saline solution every day. Group Ⅳ (Captopril + SNX): gavage
of captopril (18.75 mg/kg body weight) and SNX (1008 mg/kg body
weight) in 0.9 % saline solution every day. WKY group were treated
with an equivalent volume of 0.9 % saline solution (WKY). The treat-
ment lasted for 6 weeks. Body weight and systolic blood pressure (SBP)
were measured every week with the tail-cuff plethysmograph method
using DB128 noninvasive blood pressure system (Bejing Zhishuduobao
Biological Technology Co. LTD, China) [12]. After 6 weeks, blood
samples were collected from femoral artery and immediately processed
for serum by centrifugation at 4000g for 10 min. Serum samples were
frozen and maintained at -20 ℃ until analysis. Then the rats were sa-
crificed. Kidney tissues were dissected. Parts of these organs were
frozen and maintained at -80 ℃ until analysis. Meanwhile, parts of

Fig. 3. Effects on lipid metabolism in rats. The
levels of (A) TC, (B) TG, (C) HDLC and (D)
LDLC in serum. The results were presented as
the means± standard error (n = 6). Different
letters meant significant differences between
two groups. Letters shared in common between
or among the groups indicated no significant
differences (p<0.05).
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them were fixed in 4 % paraformaldehyde for Masson staining and
hematoxylin and eosin (HE) staining analysis.

2.4. Histopathological examination

For histopathological examination, formalin preserved aorta and
kidney tissues were processed consecutively for dehydration and
clearing by using graded alcohol series and xylene, respectively. Then
the dehydrated tissues were embedded in paraffin blocks. 5 μm thick-
ness sections were cut from paraffin-embedded aorta and kidney tis-
sues, and stained with Mayer’s hematoxylin and eosin. Moreover, the
kidney tissues slices were also stained with Masson’s trichrome staining
for collagen detection. Collagen will be stained blue, nucleus stained
dark brown, while muscle fiber stained red in Masson’s trichrome.
Aorta and renal pathological changes were detected by morphological
analysis under an optical microscope (Leica, DM500). The graphics
were captured by a digital camera (Leica, ICC50 W). The aortic wall
thickness was analyzed using the LAS V4.8 (Leica, Germany).

2.5. Biochemical analyses

Serum levels of urea nitrogen (BUN), creatinine (Cr), high-density
lipoprotein cholesterol (HDLC), low-density lipoprotein cholesterol
(LDLC), total cholesterol (TC), triglyceride (TG), nitric oxide (NO) and
total nitric oxide synthase (TNOS) were measured by the detection kits
according to the manufacturer’s instructions (Nanjing Jiancheng
Institute of Biotechnology, Nanjing, China).

2.6. Measurement of endothelial nitric oxide synthase (eNOS), bradykinin,
Ang II and endothelin 1(ET-1) levels

Serum samples were analyzed for AngII (Nanjing SenBeiJia
Biological Technology Co., Ltd. China), eNOS, bradykinin and ET-1
(Quanzhou Ruixin Biological Technology Co., Ltd. China) with rats
ELISA kits according to the manufacturer's instructions. Each value of
the sample was measured within the linear portion of the standard
curve.

Fig. 4. Effects of drug combination on renal functional and inflammation in rats. (A) Histopathological examination of the renal among different experimental groups
using H&E staining (400×). (B) Representative histological changes in renal sections using Masson's trichrome staining (original magnification, 100×). Arrows
indicated inflammatory cells. Groups listed as follows, (1) WKY group, (2) SHR group, (3) Captopril group, (4) SNX group and, (5) Captopril + SNX group. The levels
of (C) Cr, (D) BUN (E) TNF-α, (F) IL-1β and (G) NF-κB in serum and (H) inflammatory cytokine-associated proteins in renal from different groups. The results were
presented as the means± standard error (n = 6). Different letters meant significant differences between two groups. Letters shared in common between or among
the groups indicated no significant differences (p<0.05).
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2.7. Measurement of tumor necrosis factor-alpha (TNF-α), interleukin-1β
(IL-1β) and nuclear transcription factor-κB (NF-κB) levels

Serum samples were analyzed for NF-κB (Quanzhou Ruixin
Biological Technology Co., Ltd. China), TNF-α and IL-1β (Multi
Sciences Biotech Co., Ltd. China) with rats ELISA kits according to the
manufacturer's instructions. Each value of the sample was measured
within the linear portion of the standard curve.

2.8. Terminal deoxynucleotidyl transferase-mediated dUTP nick-end
labeling (TUNEL) staining

Fresh kidney tissue was fixed in 4 % paraformaldehyde, embedded
in paraffin, and sliced into 4-μm sections. Induction of apoptosis was
measured by TUNEL (One Step TUNEL Apoptosis Assay Kit, C1088,
Beyotime, China) according to the manufacturer's instructions. TUNEL
staining were analyzed with fluorescence microscope (Olympus BX53,
Japan).

2.9. Western blot analyses

Kidney tissues treated with test compounds were prepared with lysis

buffer containing protease/phosphatase inhibitor cocktail purchased
from Sigma (St. Louis, MO, USA). The kidney tissues were lysed in 4×
Laemmli sample buffer (Sigma Chemical), heated for 5 min at 100 °C.
The concentrations of the proteins were tested by BCA Protein Assay kit
(Thermo Scientific, Waltham, MA, USA) [13,14]. The kidney protein
samples were separated by Sodium Dodecyl Sulfonate -polyacrylamide
gel and then transferred onto a Polyvinylidene Fluoride (PVDF) mem-
brane. After that, the membrane was blocked with incubation with 5 %
non-fat milk buffer for 1 h at room temperature and then incubated
with primary antibody for 3 h in 4 ℃. The primary antibodies included
TNF-α (Proteintech, USA), IL-1β (Santa Cruz, USA), NF-κB (Santa Cruz,
USA), caspase 8 (Proteintech, USA), Bax (Boster, China), Bcl-2 (Boster,
China), Cytochrome c (Cyt c) (Proteintech, USA), caspase 9 (Pro-
teintech, USA), caspase 3 (Proteintech, USA), and β-actin (Cell sig-
naling, USA). After washed with PBST buffer for three times, PVDF
membrane was incubated with second antibody (LI-COR Bio-
technology, USA) for 2 h. Then the expression of protein was detected
by Odyssey infrared imaging system (LI-COR Biotechnology, USA).

2.10. Statistical analysis

Statistical evaluation was conducted by using SPSS 21.0 for

Fig. 5. Effects of drug combination on apoptosis in rats. (A) TUNEL fluorescence staining kidney sections illustrated the apoptotic nuclei. The green was labeled
apoptosis. (B) Apoptosis-related proteins in renal from different groups. Different letters meant significant differences between two groups. Letters shared in common
between or among the groups indicated no significant differences (p<0.05).
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Windows package software. Data have been expressed as the
means± standard error mean (SEM). One‐way variance analysis and
Duncan multiple range test were used to determine significantly dif-
ferent groups. p values less than 0.05 were considered as significant
differences for all statistical calculations.

3. Results

3.1. Body weight and blood pressure in rats

After a six-week observation, SBP were significantly increased in
SHR group compared with WKY group. Captopril (p<0.01), SNX and
the combination groups (p<0.001) remarkably decreased SBP after
the first week administration of different drugs (Fig. 1B). The combi-
nation treatment showed more effective in the anti-hypertension and
control of the weight gain.

3.2. Effects of combination on aortic wall thickness, NO/NOS, Ang II and
ET-1

As we all known, aortic wall thickness was closely related to the
blood pressure. As Fig. 2A–C indicated, the aortic wall thickness was
increased significantly (p<0.001) in the SHR group compared with
that in the WKY group. Captopril + SNX group significantly reduced
aortic wall thickness (p<0.01). NO can maintain vascular tension and
regulate blood pressure [15]. As Fig. 2D & E shown, SHR group sig-
nificantly reduced the levels of NO and TNOS compared with WKY
group. However, captopril group has not significant effect on NO, while
the combination treatment group significantly increased the level of
NO. At the same time, combination treatment group significantly in-
creased the level of TNOS, especial for the level of eNOS (a type of nitric
oxide synthase) (Fig. 2F). The combination therapy also improved the
content of bradykinin and ET-1 (Fig. 2G–I). These results showed that
captopril + SNX could reduce blood pressure through thinning the
aortic wall and regulating NO/NOS, bradykinin and ET-1 expression.

3.3. Effects on lipid metabolism in rats

As Fig. 3 indicated, levels of TC, HDLC and LDLC were remarkably
reduced in SHR group compared with WKY rats (p<0.05). The com-
bination group remarkably up-regulated the concentration of TC and
HDLC (p<0.05) and decreased concentration of TG (p<0.05) com-
pared with SHR group. These results denoted that combination of SNX
and captopril could effectively ameliorate the lipid metabolic para-
meters and improve blood-lipid profiles.

3.4. Combination of SNX and captopril prevented kidney injury in SHR

Histological changes in the kidneys of rats treated with different
therapeutic regimens were examined using HE and Masson’s trichrome
staining. As Fig. 4A & B shown, SHR promoted mononuclear cell in-
filtration and fibrosis compared with the normotensive WKY rats.
Captopril group did not show remarkable effect. However, captopril +
SNX group decreased mononuclear cell infiltration and fibrosis com-
pared with SHR group. Meanwhile, Cr and BUN levels in SHR group
were significantly increased compared with WKY group. Combination
therapy was more effective in reducing the levels of Cr and BUN than
captopril used alone (Fig. 4C ＆ D).

3.5. Combination of SNX and captopril regulated inflammation and
apoptosis

As Fig. 4E–G indicated, levels of inflammatory factors such as IL-1β
and NF-κB were remarkably increased in SHR group compared with
WKY rats (p<0.05). Captopril and the combination group decreased
the level of NF-κB compared with SHR group. In order to determine the
potential mechanism of SNX-enhanced captopril for renal protection,
western blot was used to analyze the protein levels of related in-
flammatory factors such as TNF-α, IL-1β and NF-κB in renal tissues. As
Fig. 4H shown, they were increased in SHR group compared with WKY
group. Both captopril and captopril + SNX reduced the level of NF-κB
in renal tissues.

TUNEL assay was used to detect cell apoptosis. As Fig. 5A shown,

Fig. 6. Antihypertensive and renal protective mechanisms of SNX combined with captopril in SHR. Red arrows indicated differences between SHR and WKY groups,
while blue arrows showed differences between captopril + SNX and SHR groups.
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the green spots in SHR group were more than those in WKY group.
Combination group lowered the number of points compared with SHR
group. This study also explored the molecular mechanism of renal
apoptosis, and further detected the expression of anti-apoptotic proteins
Bcl-2, Cyt c, caspase 8, caspase 9 and caspase 3, as well as pro-apoptotic
protein Bax. The protein levels of caspase3, 8, 9 and Cyt c significantly
increased in the SHR group compared with WKY group. After six weeks
treatment with captopril, SNX and captopril + SNX, expression of
apoptosis related protein was markedly reduced compared with SHR
group. On the other hand, the level of the anti-apoptotic protein Bcl-2
decreased markedly in the renal of SHR group and significantly in-
creased in the combination group (Fig. 5B).

4. Discussion

Recently, the comorbidities in the hypertension made controlling
blood pressure more difficult. According to 2017 ACC/AHA guidelines,
16 % hypertensive patients suffered from chronic kidney disease [3].
Meanwhile, the guidelines recommended that angiotensin converting
enzyme inhibitor should be used in hypertension and chronic kidney
disease patients [16]. Captopril, as an angiotensin converting enzyme
inhibitor has been widely used for the therapy of arterial hypertension
and cardiovascular diseases. As previous reports, it might induce acute
renal failure in premature infants [17] and made functional renal in-
sufficiency [18]. SNX was a famous classical recipe in traditional Chi-
nese prescription composed of Chuanxiong and Danggui. Major phar-
macological effects of Danggui extract or its components include anti-
inflammatory, immunomodulatory, anti-cardiovascular and kidney
protective [19]. Chuanxiong has been used as a traditional Chinese
medicine in China for thousands of years. Chuanxiong have been found
to possess various pharmacological effects on blood and cardiovascular,
and to display numerous bioactivities such as anti-inflammation [20].
In this study, we tried to explore the combination of SNX and captopril
on blood pressure and renal protection in SHR.

As a result, after a six-week treatment, the combination treatment
showed more effective in the lowing blood pressure and control of the
weight gain than the monotherapy displayed. SHR group significantly
reduced the levels of NO and TNOS compared with WKY group.
However, captopril group has not significant effect on NO. The com-
bination group significantly increased the level of NO. At the same time,
combination treatment group significantly increased the level of TNOS,
especial for the level of eNOS (a type of nitric oxide synthase). As we
known, the gaseous signaling molecules performed a key role in va-
sorelaxation. NO is an effective anti-hypertensive signaling molecule.
When L-arginine is converted to citrulline by eNOS, NO is produced
[21] and causes smooth muscle relaxation by the activation of soluble
guanylate cyclase, followed by the accumulation of cyclic guanosine
monophosphate (cGMP) [22]. NO as a kind of gas maintained vascular
tension and regulated blood pressure serving as a target to prevent the
development of hypertension and kidney disease [15]. Therefore, new
strategies to increase NO signaling are suggested to have therapeutic
potential in treating cardiovascular disease, including hypertension
[23]. Therefore, NO plays an important role in the synergies between
captopril and SNX.

At the same time, the combination therapy improved the content of
bradykinin and ET-1, which was beneficial to the mitigation of hy-
pertension [24]. In addition, abnormal lipid metabolism was one of the
most harmful metabolic disorders and increased the risks for cardio-
vascular disease [25]. In this study, the combination therapy alleviated
this dyslipidemia profile and regulated the levels of TG, TC and HDLC
back to normal, which indicated that the combination therapy effec-
tively ameliorated the lipid metabolic parameters and improved blood-
lipid profiles.

According to the histological examination, SHR promoted mono-
nuclear cell infiltration and fibrosis compared with the normotensive
WKY rats. Captopril group did not show remarkable effect. However,

captopril + SNX group decreased mononuclear cell infiltration and
fibrosis compared with SHR group. At the same time, inflammatory
markers were detected in renal tissue and serum. Levels of IL-1β and
NF-κB were remarkably increased in SHR group renal tissue compared
with WKY rats (p<0.05). Captopril + SNX group significantly reduced
these inflammatory markers in renal tissue (p<0.05). Cr and BUN
levels in SHR group were significantly increased compared with WKY
group. Combination therapy was more effective in reducing the levels
of Cr and BUN than captopril used alone (Fig. 4C ＆ D). As previous
research, inflammation [26] and apoptosis [27] played important roles
in the development of renal injury. Inflammatory cytokines such as
interleukin and TNF-α may lower the endothelium-dependent vasodi-
lation via down-regulating eNOS and damaging the endothelium cells
[28], which in kidneys contributed to local tissue injury in hyperten-
sion. Additionally, numerous studies have shown that NF-κB pathway
contributed to transcriptional upregulation of inflammatory factors in
the pathogenesis of renal dysfunction [4]. Apoptosis also plays a key
role in the renal injury [29]. The mitochondrial apoptosis pathway
plays an important role in the process of apoptosis [30]. In the apop-
totic pathway, Bcl-2 family proteins and caspases are the main reg-
ulatory mediators [31]. The Bcl-2 protein family includes anti-apoptotic
protein (Bcl-2) and pro-apoptotic protein (Bax). Bcl-2 leads to the de-
struction of mitochondrial membrane potential and the release of
apoptotic factors such as cytochrome c into the cytoplasm, leading to
the activation of caspases which are cysteine-dependent aspartate-di-
rected proteases, which ultimately leads to apoptosis [32,33]. Caspases,
as initiators and executioners of cell apoptosis [30]. Caspase 3 mediated
mitochondrial apoptosis is one of the molecular mechanisms of renal
cell apoptosis [34]. From what has been discussed above, NF-κB
pathway and Caspase-mediated apoptosis pathways correlated with
renal injury. In this study, Combination therapy significantly increased
the level of Bcl-2 in kidney tissues, and remarkably decreased the
protein expression of IL-1β, NF-κB, Bax, Cyt c, caspase 3, 8 and 9 in
kidney tissues compared with SHR group. In particular, the captopril +
SNX group performed better on Cytc, Bcl-2, and caspase 9 than the
captopril group. At the same time, the number of tunel-positive cells
decreased. The renoprotective effect of captopril + SNX was confirmed
by ameliorating the expression of apoptosis and inflammation related
proteins (Fig. 6).

In conclusion, the present study has demonstrated that the anti-
hypertensive mechanism and renal protective effect of SNX combined
with captopril in SHR. Based on these data, the combination group
(p<0.001) reduced blood pressure, which was better than the capto-
pril group did (p<0.01). Meanwhile, the combination group sig-
nificantly reduced aortic wall thickness (p<0.05). Lowering blood
pressure was achieved by adjusting NO/NOS, ET-1 and dyslipidemia. In
addition, combined therapy has a good protective effect on renal tissue.
Combination therapy was more effective in reducing the levels of Cr
and BUN than captopril used alone. At the protein levels, the captopril
+ SNX group performed better on Cyt c, Bcl-2, and caspase 9 than the
captopril group. We hypothesized that the underlying renoprotective
mechanisms of combinatorial treatment based on reducing the release
of inflammatory factors and inhibition the expression of apoptotic
markers. These results provided a rationale for future clinical use of
SNX combined with captopril in the antihypertensive and renal pro-
tective functions in hypertension.

Statement of ethics

This animal study was approved by the Institutional Animal Care
and Use Committee of China, and institutional guidelines for animal
welfare and experimental conduct were followed.

Author contributions

Miss Li Yang, Mr Hao Xiang, Mr Guanyu Lu and Miss Yijia Wang

S. Man, et al. Biomedicine & Pharmacotherapy 125 (2020) 109977

7



contributed in the experimental design, pharmacological experiments,
data analysis, manuscript preparation for this study.

Professor Shuli Man, Changxiao Liu and Wenyuan Gao contributed
in the experimental design, data analysis and manuscript preparation.

Declaration of Competing Interest

We wish to confirm that there are no known conflicts of interest
associated with this publication.

Acknowledgments

This work was supported by grants 81673647, 81673535 and
81503086 from National Natural Science Foundation of China.

References

[1] B.M. Egan, S.E. Kjeldsen, G. Grassi, M. Esler, G. Mancia, The global burden of hy-
pertension exceeds 1.4 billion people: should a systolic blood pressure target below
130 become the universal standard? J. Hypertens. 37 (6) (2019) 1148–1153.

[2] Y. Li, L. Yang, L. Wang, M. Zhang, Z. Huang, Q. Deng, M. Zhou, Z. Chen, L. Wang,
Burden of hypertension in China: a nationally representative survey of 174,621
adults, Int. J. Cardiol. 227 (2017) 516–523.

[3] P.K. Whelton, R.M. Carey, W.S. Aronow, D.E. Casey, K.J. Collins, C. Dennison
Himmelfarb, S.M. DePalma, S. Gidding, K.A. Jamerson, D.W. Jones,
E.J. MacLaughlin, P. Muntner, B. Ovbiagele, S.C. Smith, C.C. Spencer, R.S. Stafford,
S.J. Taler, R.J. Thomas, K.A. Williams, J.D. Williamson, J.T. Wright, 2017 ACC/
AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high blood pressure in
adults, J. Am. Coll. Cardiol. 71 (19) (2018) e127–e248.

[4] Z. Gan, D. Huang, J. Jiang, Y. Li, H. Li, Y. Ke, Captopril alleviates hypertension-
induced renal damage, inflammation, and NF-kappaB activation, Braz. J. Med. Biol.
Res. 51 (11) (2018) e7338.

[5] H. Zhou, L.Q. Huo, J.Z. Zhang, Y.L. Tong, D. Liu, J.L. Wang, L.I. Yu-Ming, W.Y. Gao,
Effect of Shunaoxin dropping pill on blood pressure and cardiac protection in
spontaneously hypertensive rats, Chinese Traditional & Herbal Drugs (2016).

[6] L. Huo, J. Zhang, Z. Qu, H. Chen, Y. Li, W. Gao, Vasorelaxant effects of Shunaoxin
pill are mediated by NO/cGMP pathway, HO/CO pathway and calcium channel
blockade in isolated rat thoracic aorta, J. Ethnopharmacol. 173 (2015) 352–360.

[7] X.Y. Liu, X.U. Shi-Xin, Y.P. Zhu, Y.H. Zhang, A.S. Zhai, J.P. Zhang, The intervention
effects in clinical study of Shunaoxin dropping pills on the ambulatory blood
pressure of hypertensive patients, J. Tianjin Univ. Trad. Chin. Med. (2015).

[8] Z.Z. Mo, Z.X. Lin, Z.R. Su, L. Zheng, H.L. Li, J.H. Xie, Y.F. Xian, T.G. Yi, S.Q. Huang,
J.P. Chen, Angelica sinensis supercritical fluid CO2 extract attenuates D-Galactose-
Induced liver and kidney impairment in mice by suppressing oxidative stress and
inflammation, J. Med. Food 21 (9) (2018) 887–898.

[9] Z.Z. Mo, Y.H. Liu, C.L. Li, L.Q. Xu, L.L. Wen, Y.F. Xian, Z.X. Lin, J.Y. Zhan,
J.N. Chen, F.F. Xu, Z.R. Su, Protective effect of SFE-CO2 of Ligusticum chuanxiong
hort against d-Galactose-Induced injury in the mouse liver and kidney,
Rejuvenation Res. 20 (3) (2017) 231–243.

[10] E.Y. Kim, M.R. Rhyu, Synergistic vasorelaxant and antihypertensive effects of
Ligusticum wallichii and Angelica gigas, J. Ethnopharmacol. 130 (3) (2010)
545–551.

[11] D.S. Wald, M. Law, J.K. Morris, J.P. Bestwick, N.J. Wald, Combination therapy
versus monotherapy in reducing blood pressure: meta-analysis on 11,000 partici-
pants from 42 trials, Am. J. Med. 122 (3) (2009) 290–300.

[12] C.G. McCarthy, C.F. Wenceslau, S. Goulopoulou, S. Ogbi, B. Baban, J.C. Sullivan,
T. Matsumoto, R.C. Webb, Circulating mitochondrial DNA and Toll-like receptor 9
are associated with vascular dysfunction in spontaneously hypertensive rats,
Cardiovasc. Res. 107 (1) (2015) 119–130.

[13] W. Shi, R. Yuan, X. Chen, Q. Xin, Y. Wang, X. Shang, W. Cong, K. Chen, Puerarin
reduces blood pressure in spontaneously hypertensive rats by targeting eNOS, Am.
J. Chin. Med. (Gard City N Y) 47 (1) (2019) 19–38.

[14] J. Yang, Y. Ning, J. Qiu, J.S. He, W. Li, Z.F. Ma, J.F. Shao, Y.Q. Li, R. Zeng,
M. Zhang, J. Cheng, S.F. Chen, G. Xu, C.Y. Wang, Y. Yao, TJ0711, a novel vaso-
dilatory beta-blocker, protects SHR rats against hypertension induced renal injury,
Am. J. Transl. Res. 5 (3) (2013) 279–290.

[15] C.N. Hsu, Y.L. Tain, Regulation of nitric oxide production in the developmental
programming of hypertension and kidney disease, Int. J. Mol. Sci. 20 (3) (2019).

[16] P. Varleta, R. Tagle, A feared combination: hypertension and chronic kidney dis-
ease, J. Clin. Hypertens. 21 (1) (2019) 102–104.

[17] G.J. Lee, R. Cohen, A.C. Chang, J.P. Cleary, Angiotensin converting enzyme in-
hibitor (ACEI)-Induced acute renal failure in premature newborns with congenital
heart disease, J. Pediatr. Pharmacol. Ther. 15 (4) (2010) 290–296.

[18] S. Laurent, Antihypertensive drugs, Pharmacol. Res. 124 (2017) 116–125.
[19] W.W. Chao, B.F. Lin, Bioactivities of major constituents isolated from Angelica si-

nensis (Danggui), Chin. Med. 6 (2011) 29.
[20] X. Ran, L. Ma, C. Peng, H. Zhang, L.P. Qin, Ligusticum chuanxiong Hort: a review of

chemistry and pharmacology, Pharm Biol 49 (11) (2011) 1180–1189.
[21] E. Hou, N. Sun, F. Zhang, C. Zhao, K. Usa, M. Liang, Z. Tian, Malate and aspartate

increase L-arginine and nitric oxide and attenuate hypertension, Cell Rep. 19 (8)
(2017) 1631–1639.

[22] N. Qin, W. Yang, D. Feng, X. Wang, M. Qi, T. Du, H. Sun, S. Wu, Total ginsenosides
suppress monocrotaline-induced pulmonary hypertension in rats: involvement of
nitric oxide and mitogen-activated protein kinase pathways, J. Ginseng Res. 40 (3)
(2016) 285–291.

[23] S.K. Porpino, C. Zollbrecht, M. Peleli, M.F. Montenegro, M.C. Brandao,
P.F. Athayde-Filho, M.S. Franca-Silva, E. Larsson, J.O. Lundberg, E. Weitzberg,
E.G. Persson, V.A. Braga, M. Carlstrom, Nitric oxide generation by the organic ni-
trate NDBP attenuates oxidative stress and angiotensin II-mediated hypertension,
Br. J. Pharmacol. 173 (14) (2016) 2290–2302.

[24] H. Morales-Loredo, D. Jones, A. Barrera, P.J. Mendiola, J. Garcia, C. Pace,
M. Murphy, N.L. Kanagy, L.V. Gonzalez Bosc, A dual blocker of endothelin A/B
receptors mitigates hypertension but not renal dysfunction in a rat model of chronic
kidney disease and sleep apnea, Am. J. Physiol. Renal Physiol. 316 (5) (2019)
F1041–F1052.

[25] R. Ariyanti, B. Besral, Dyslipidemia associated with hypertension increases the risks
for coronary heart disease: a case-control study in Harapan Kita Hospital, national
cardiovascular center, Jakarta, J. Lipids 2019 (2019) 2517013.

[26] A.C. Cameron, N.N. Lang, R.M. Touyz, Drug treatment of hypertension: focus on
vascular health, Drugs 76 (16) (2016) 1529–1550.

[27] D. La Russa, E. Brunelli, D. Pellegrino, Oxidative imbalance and kidney damage in
spontaneously hypertensive rats: activation of extrinsic apoptotic pathways, Clin.
Sci. 131 (13) (2017) 1419–1428.

[28] J. Luo, C. Zhang, Q. Liu, S. Ou, L. Zhang, X. Peng, Combinative effect of sardine
peptides and quercetin alleviates hypertension through inhibition of angiotensin I
converting enzyme activity and inflammation, Food Res. Int. 100 (Pt 1) (2017)
579–585.

[29] J. Savill, Apoptosis and renal injury, Curr. Opin. Nephrol. Hypertens. 4 (3) (1995)
263–269.

[30] Q. Wang, Y. Cui, N. Lin, S. Pang, Correlation of cardiomyocyte apoptosis with
duration of hypertension, severity of hypertension and caspase-3 expression in
hypertensive rats, Exp. Ther. Med. 17 (4) (2019) 2741–2745.

[31] J.T. Chiang, K.F. Badrealam, M.A. Shibu, S.F. Cheng, C.Y. Shen, C.F. Chang,
Y.M. Lin, V.P. Viswanadha, S.C. Liao, C.Y. Huang, Anti-apoptosis and anti-fibrosis
effects of Eriobotrya japonica in spontaneously hypertensive rat hearts, Int. J. Mol.
Sci. 19 (6) (2018).

[32] J.M. Adams, S. Cory, Life-or-death decisions by the Bcl-2 protein family, Trends
Biochem. Sci. 26 (1) (2001) 61–66.

[33] C. Borner, The Bcl-2 protein family: sensors and checkpoints for life-or-death de-
cisions, Mol. Immunol. 39 (11) (2003) 615–647.

[34] Z.Q. Ji, C.W. Huang, C.J. Liang, W.W. Sun, B. Chen, P.R. Tang, [Effects of rhein on
activity of caspase-3 in kidney and cell apoptosis on the progression of renal injury
in glomerulosclerosis], Zhonghua Yi Xue Za Zhi 85 (26) (2005) 1836–1841.

S. Man, et al. Biomedicine & Pharmacotherapy 125 (2020) 109977

8

http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0005
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0010
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0015
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0020
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0025
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0030
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0035
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0040
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0045
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0050
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0055
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0060
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0065
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0070
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0075
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0080
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0080
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0085
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0090
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0095
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0095
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0100
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0100
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0105
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0110
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0115
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0120
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0125
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0130
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0135
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0140
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0145
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0150
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0150
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0150
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0155
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0160
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0165
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0170
http://refhub.elsevier.com/S0753-3322(20)30167-0/sbref0170

	Antihypertensive and renal protective effect of Shunaoxin pill combined with captopril on spontaneous hypertension rats
	Introduction
	Materials and methods
	Drugs
	Animals
	Drug administration and blood pressure measurement
	Histopathological examination
	Biochemical analyses
	Measurement of endothelial nitric oxide synthase (eNOS), bradykinin, Ang II and endothelin 1(ET-1) levels
	Measurement of tumor necrosis factor-alpha (TNF-α), interleukin-1β (IL-1β) and nuclear transcription factor-κB (NF-κB) levels
	Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) staining
	Western blot analyses
	Statistical analysis

	Results
	Body weight and blood pressure in rats
	Effects of combination on aortic wall thickness, NO/NOS, Ang II and ET-1
	Effects on lipid metabolism in rats
	Combination of SNX and captopril prevented kidney injury in SHR
	Combination of SNX and captopril regulated inflammation and apoptosis

	Discussion
	Statement of ethics
	Author contributions
	mk:H1_22
	Acknowledgments
	References




