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Abstract 

Background Metabolic hypertension (MH) has become the most common type of hypertension in recent years due 

to unhealthy eating habits and lifestyles of people, such as over-eating alcohol, high fat, and sugar diets (ACHFSDs). 

Therefore, effective means to combat MH are needed. Previous studies have shown that Panax notoginseng (Burkill) F. 

H. Chen flower saponins (PNFS) can lower blood pressure in spontaneously hypertensive rats (SHR). However, whether 

it acts on MH and its mechanism of action remain unclear. 

Methods The pharmacodynamic effects of PNFS were evaluated in rats with ACHFSDs-induced MH. The blood pres-

sure, blood biochemical, grip strength, face temperature, vertigo time, and liver index were estimated. The histological 

changes in the liver and aorta were observed using hematoxylin and eosin staining. The levels of ET-1,  TXB2, NO,  PGI2, 

Renin, ACE, Ang II, and ALD in plasma were detected using ELISA. The levels of C3, KLF5, LXRα, and Renin in kidney 

tissues were measured using qRT-PCR.The expression levels of C3, KLF5, LXRα, and Renin in kidney tissues were exam-

ined using Western blotting.

Results In the present study, PNFS was found to reduce blood pressure, face temperature, and vertigo time, increase 

grip strength and improve dyslipidemia in rats with MH. In addition, PNFS decreased the plasma levels of ET-1 and 

 TXB2, elevated the levels of NO and  PGI2, and improved pathological aortic injury. Meanwhile, PNFS decreased the 

plasma levels of Renin, ACE, Ang II, and ALD. QRT-PCR and Western bolt showed that PNFS downregulated C3, KLF5, 

LXRα, and Renin protein and mRNA expression in the kidneys of rats with MH.
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Conclusion The finding of the present study suggested that PNFS could downregulate C3 and KLF-5 expression in 

rats with MH, thereby inhibiting the overactivation of the renin–angiotensin–aldosterone system, while improving 

vascular endothelial function and ultimately reducing blood pressure in rats with MH.

Keywords Complement 3, Endothelial function, Metabolic hypertension, Panax notoginseng (Burkill) F. H. Chen 

flower saponins, Renin–angiotensin–aldosterone system

Introduction
Hypertension is one of the most common cardiovascular 

diseases that seriously endanger human health. Accord-

ing to the latest epidemiological survey on hypertension, 

44.7% of Chinese people aged 35–75 years suffer from 

hypertension [1]. More recently, 23.2% (an estimated 

244.5  million) of Chinese adults are reported to have 

hypertension [2]. In recent years, metabolic disorders 

have become a major driver of the increasing prevalence 

of hypertension due to the growing number of irrational 

dietary practices in humans (over-eating alcohol, high 

fat, and sugar diets (ACHFSDs) [3, 4]. According to a 

report [5, 6], more than 80% of patients with hyperten-

sion have different forms of metabolic abnormalities, of 

which 55.3% have abnormal blood glucose, 69.5% have 

dyslipidemia, and only 10–20% have hypertension alone. 

�erefore, modern scholars consider hypertension as 

a metabolic disease and have proposed the concept of 

metabolic hypertension (MH), which helps control blood 

pressure by improving metabolic abnormalities [7, 8].

�e complement system has recently been found to be 

associated with metabolic disorders, including metabolic 

syndrome, hypertension, obesity, and other cardiovas-

cular risk components [9]. �e complement system is a 

specific activating protein that can mediate immune and 

inflammatory responses in vivo and is closely associated 

with cardiometabolic diseases [10, 11]. Complement 

3 (C3) is a central component of the complement sys-

tem, which is produced mainly by the liver, monocytes, 

and macrophages. Its activation leads to the initiation 

of the terminal complement pathway and the signal for 

the release of the allergenic toxin C3a [12]. C3a mediates 

smooth muscle contraction and increases vascular per-

meability by decreasing the local inflammatory response 

[13, 14]. A recent study has shown that C3 levels are ele-

vated in patients with metabolic syndrome, suggesting 

that it may be involved in the development of metabolic 

syndrome [15].

In particular, a large body of epidemiology has dem-

onstrated that C3 can be a potential predictor of cardio-

vascular events [16]. A clinical study found that elevated 

serum C3 levels were associated with prehyperten-

sion and correlated with elevated blood pressure and 

the development of hypertension in the future [17, 18]. 

Meanwhile, another study showed that right ventricular 

systolic pressure and right ventricular hypertrophy are 

attenuated in C3–/– hypoxic mice, suggesting that C3 

deficiency attenuates chronic hypoxia-induced pulmo-

nary arterial hypertension in mice [19]. C3 induces the 

phosphorylation of extracellular signal−regulated kinase 

in vascular smooth muscle and increases Krüppel-like 

factor 5 (KLF5) promoter activity [20]. KLF5-specific 

inhibitors suppress C3a-induced increase in renin mRNA 

expression in epithelial cells [21]. �is suggests that KLF5 

is a key transcription factor in C3-induced renin pro-

duction. In vitro, Liver X receptor α (LXRα) binds non-

canonical response elements in the renin promoter and 

regulates renin transcription, and C3a enhances nuclear 

staining for LXRα and increases renin expression in 

TCMK-1 cells [21, 22].

Renin and Ang II are essential components of the 

renin–angiotensin–aldosterone system (RAAS), which 

regulates blood pressure and maintains water–electro-

lyte balance to maintain the relative stability of the body’s 

environment [23]. Renal secretion of angiotensin-con-

verting enzyme (ACE) acts on its substrate to form Ang 

II. �ere is an increase in renin activity which leads to 

an increase in Ang II, activation of the RAAS and results 

in hypertension, cell proliferation, inflammation, and 

fibrosis. �is suggests that it may be possible to induce 

RAAS alterations via C3, indicating a potential strategy 

to improve MH.

MH is a disease with a high prevalence and low treat-

ment rate, which urgently requires a medical break-

through. Traditional Chinese medicine has played a vital 

role in the health care of the people in China. It is rec-

ognized worldwide as a powerful alternative for treating 

cardiovascular diseases [24]. Panax notoginseng (Bur-

kill) F. H. Chen, a well-known and valuable traditional 

Chinese medicine, displays a superior protective effect 

on cerebrovascular diseases [25]. Saponin is considered 

to be the main active ingredient in P. notoginseng (Bur-

kill) F. H. Chen and is deemed to be a promising drug 

against many chronic diseases, especially cardiovascular 

and hematological diseases [26–28]. Among the different 

parts of P. notoginseng (Burkill) F. H. Chen, flowers are 

rich in saponins [29, 30]. In everyday life, flower buds are 

often consumed as a tea to fight hypertension, calm the 

liver, and improve vision [31]. Modern pharmacological 

research has shown that the P. notoginseng (Burkill) F. H. 
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Chen flower saponins (PNFS) have antihypertensive, vas-

cular repair, and heart- and liver-protective effects [32–

35]. A previous study found that PNFS steadily lowered 

the blood pressure of spontaneously hypertensive rats 

(SHR) [36, 37]. However, whether PNFS also modulates 

ACHFSDs-induced MH is not clear.

�erefore, in the present study, ACHFSDs-induced 

MH rats were treated with PNFS to assess the changes in 

blood pressure, lipids, behavior, histopathology, C3, and 

RAAS to investigate the hypotensive effects of PNFS in 

rats with MH and its possible mechanisms.

Methods
Chemicals and reagents

�e standard reagents of total cholesterol (TC), triglyc-

eride (TG), low-density lipoprotein cholesterol (LDL-c), 

and high-density lipoprotein cholesterol (HDL-c) were 

purchased from Ningbo Medical System Biotechnol-

ogy Co., LTD (Ningbo, Zhejiang, China). �e antibod-

ies against C3 (Cat#ab200999, Lot#GR3354270-3), 

KLF5 (Cat#ab24331, Lot#GR3236297-14), LXRα 

(Cat#ab106464, Lot#GR135377-8), and GAPDH 

(Cat#ab181602, Lot#GR3285728-3) were obtained from 

Abcam (Cambridge, MA, USA). �e antibodies against 

Renin (Cat#sc-133,145, Lot#A0722) were purchased 

from Santa Cruz Biotechnology, INC. (Santa Cruz, 

CA, USA). Trizol® Plus RNA Purification Kit, Super-

Script™ III First-Strand Synthesis Supermix for qRT-PCR 

were purchased from Invitrogen (Carlsbad, CA, USA). 

Endothelin 1 (ET-1, Cat#MM-0560R1), thromboxane  B2 

 (TXB2, Cat#MM-0516R1), nitric oxide (NO, Cat#MM-

20607R1), prostaglandin  I2  (PGI2, Cat#MM-0793R1), 

Renin (Cat#MM-0343R1), ACE (Cat#MM-0212R1), Ang 

II (Cat#MM-0211R1), and aldosterone (ALD, Cat#MM-

0555R1) detection kits were obtained from Jiangsu 

Enzyme Industrial Co., Ltd (Yancheng, Jiangsu, China).

Preparation of PNFS

�e flowers of P. notoginseng (Burkill) F. H. Chen were 

collected from Wenshan, Yunnan Province, China, and 

identified by Professor Wei Li of the School of Pharmacy, 

Shanghai University of Traditional Chinese Medicine. To 

obtain saponin-rich PNFS, we extracted 1  kg of flowers 

of P. notoginseng (Burkill) F. H. Chen with 14 volumes of 

70% ethanol-aqueous solution at reflux for 2 h. �is pro-

cess was performed three times and combined all the liq-

uids. It was then concentrated on a rotary evaporator to 

approximately 0.4 g/mL. �e concentrate was loaded on 

an AB-8 macroporous resin column according to the pre-

vious method [38] and eluted with three column volumes 

of 70% ethanol-aqueous at a flow rate of two-column 

volumes per hour. After drying, PNFS dry powder was 

obtained. �e process is shown in Fig. 1A.

Analysis of saponins in PNFS

�e saponins in PNFS were determined by an HPLC 

(1,200 series, Agilent Technologies). �e chromato-

graphic conditions are as follows: chromatographic 

column: Agilent Zorbax Eclipse XDB-C18 (250  mm × 

4.6 mm, 5 μm); mobile phase (A: acetonitrile, B: water). 

�e gradient elution conditions are as follows: 0 ~ 10 min, 

20%~20%A; 10 ~ 25  min, 20%~22%A; 25 ~ 30  min, 

22%~30%A; 30 ~ 45  min, 30%~32%A; 45 ~ 70  min, 

32%~40%A; 70 ~ 80  min, 40%~60%A. �e flow rate: 1.0 

mL/min; column temperature: 25 ℃; detection wave-

length: 203  nm; injection volume: 10 µL. Saponins in 

PNFS contain as following: ginsenoside Rc (38.94%), gin-

senoside Rb2 (12.36%), ginsenoside Rb1 (10.97%), ginse-

noside Rg1 (8.31%), ginsenoside Rb3 (6.62%), ginsenoside 

Rd (4.14%), notoginsenoside R1 (3.44%), gypenoside 

XVII (1.33%), and ginsenoside Re (0.97%). High-perfor-

mance liquid chromatography (HPLC) analysis of PNFS 

is shown in Fig. 1B.

Animals and treatment

Sixty male Sprague Dawley rats, weighing 180–220  g, 

were maintained on a standard laboratory diet and 

exposed to a 12-hour/12-hour light-dark cycle at 23 ± 2 ℃ 

(Zhejiang Academy of Medical Sciences, animal certifica-

tion number: No. 2,005,190,007). All rats were allowed 

to eat standard food and drink water freely for one week 

before using for the experiment. Ten rats were randomly 

selected as the normal control group (NC) according to 

the random number table. �e remaining rats were used 

for modeling and were fed ACHFSDs, which consisted of 

high-fat/high-sugar feed (TROPHIC Animal Feed High-

Tech Co. Ltd) and alcohol (In the first week, the alcohol 

concentration was gradually increased from 5 to 10%. In 

the next 5 weeks, the alcohol concentration was increased 

by 2% per week until 20%.). �e composition of the MH 

diet in this study was 20.0% sucrose, 15% lard, 0.8% cho-

lesterol, 0.2% sodium cholate, and 64% standard diet. �e 

type of alcohol is commercially available 52° Chinese Bai-

jiu (Red Star Company, Beijing, China). During this time 

we tested blood pressure, TG, TC, LDL-c, and HDL-c. 

Approximately 6 weeks later, 46 rats with a systolic blood 

pressure higher than 140 mmHg were randomly divided 

into the model control group (MC, pure water, n = 10), 

Valsartan group (VAL, 8.0 mg/kg, n = 9), PNFS low dose 

group (PNFS-L, 30.0  mg/kg, n = 9), PNFS middle dose 

group (PNFS-M, 60.0 mg/kg, n = 9), and PNFS high dose 

group (PNFS-H, 120.0  mg/kg, n = 9) via oral daily gav-

age for six weeks (the entire extract of PNFS). Observe 

the animals’ body condition daily to ensure the animals’ 

health during the experiment. Animal protocols were 

approved by the Zhejiang Chinese Medical University 
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of Science Animal Care and Welfare Committee (permit 

number: ZSLL-2017-185). �e experimental design is 

shown in Fig. 2.

Blood pressure measurement

Measurements of blood pressure in rats were performed 

using a tail-cuff method (Softron, Tokyo, Japan). For 

blood pressure monitor adaptation, rats were adaptively 

trained before starting measurements. After adaptive 

training, the monitor was used to obtain stable systolic 

blood pressure (SBP), diastolic blood pressure (DBP), and 

mean arterial blood pressure (MBP).

Blood biochemical measurement

Blood samples were obtained at 6, 8, and 10 weeks by 

capillary puncture of the orbital venous plexus. �e 

serum samples obtained after centrifugation (3,500 r × 

15 min). TC, TG, HDL-c, and LDL-c levels in rat serum 

Fig. 1 Flow chart of Panax notoginseng (Burkill) F. H. Chen flower saponins (PNFS) extraction and determination. A Extraction flowchart of PNFS. 

B High-performance liquid chromatography (HPLC) analysis of PNFS
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were measured using a TBA-40FR full automated bio-

chemical analyzer (Toshiba, Japan).

Grip strength test

YLS-13  A grip strength apparatus (Jinan, China) was 

used to determine the maximum force generated when a 

rat could not hold the grip plate. When the rat grasped 

the grasping board, pulled its tail horizontally backwards. 

Grip Strength, the force applied to the plate just before 

rats lost its grip. Rats were pulled three times and the 

average of the three times was used to calculate the grip 

strength.

Face temperature measurement

�e temperature of the rat’s face was measured in a quiet 

environment using an infrared non-contact thermom-

eter. Each rat was measured three times, and the average 

value was used for statistical analysis.

Balance rotarod test

ZH-SZ balance rotator (Anhui, China) was used to gauge 

the balance of rats. Rats were placed in the rotating cage 

and the machine was initiated with 800 r/min. Stop after 

one minute, the time needed for the rats to return to nor-

mality was recorded as vertigo time.

Enzyme-linked immunosorbent assay

Blood samples were collected from the abdominal aorta 

after deep anesthesia of rats by intraperitoneal injection 

of sodium pentobarbital (50 mg/kg) at the 12th week. �e 

plasma samples were obtained by centrifugation (3,500 r 

× 15  min). �e levels of ET-1,  TXB2, NO,  PGI2, Renin, 

ACE, Ang II, and ALD were measured by enzyme-linked 

immunosorbent assay kit, according to the manufactur-

er’s requirements.

Liver index

Before anesthesia, the rats were weighed, and subse-

quently, the livers were removed and weighed. Liver 

index = liver weight (g)/body weight (g) × 100%.

Hematoxylin and eosin (H&E) staining

�e liver and aorta tissue of each rat was fixed with 

10% neutral-buffered formalin for 2 days, followed by 

graded dehydration with alcohol from a concentration of 

50–100%, wax immersion, paraffin embedding, and sec-

tioning. After obtaining 4 μm paraffin sections, the sec-

tions were then dewaxed, stained with hematoxylin for 

5 min and eosin for 3 min, then sealed with neutral resin 

and dried to observe histomorphological changes under 

light microscopy.

Quantitative real-time PCR

Kidneys were collected 12 h after the last drug treatment. 

After being washed with saline, the tissue samples were 

blotted dry and collected in lyophilized tubes, and first 

placed in liquid nitrogen for snap freezing, after which 

they were stored at -80  °C. Real-time PCR was used to 

determine the mRNA expression of C3, KLF-5, LXRα, 

and Renin. Primer sequences are in Table 1. �e specific 

operation is as follows: RNA extraction from tissues was 

performed using Trizol reagent (Invitrogen, Carlsbad, 

CA, USA) according to the kidney and reverse tran-

scribed into cDNA. Finally, the fluorescence signal was 

measured using multiple Real-time fluorescence quan-

titative PCR machines (Bio-Rad CFX384, USA). �e 

reaction conditions of Real-Time PCR: 95 ℃ for 1  min, 

followed by 40 PCR cycles, each cycle consisting of 95 

℃ for 15 s, 63 ℃ for 25 s. We used GAPDH as an inter-

nal reference, and each sample was repeated three times. 

�e relative expression value was calculated with the 

Fig. 2 The experimental design
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formula: △Ct = Ct (target gene) - Ct (reference gene), 

the relative =  2−△△Ct.

Western blot analysis

�e kidney tissues were extracted using a total protein 

extraction kit, and total protein was quantified using an 

Enhanced BCA Protein Assay Kit. 10% sodium dode-

cyl sulfate-polyacrylamide gel electrophoresis was used 

to separate proteins, which were electro-transferred to 

polyvinylidene fluoride membranes. After blocking with 

T-TBS that contained 5% BSA for 1  h, the membranes 

were incubated with various specific primary antibod-

ies, namely, anti-C3, anti-KLF-5, anti-LXRα, anti-Renin, 

overnight at 4 ℃. After that, the membranes were washed 

with T-TBS three times, then incubated with secondary 

antibodies for 1 h at room temperature. Antibody bind-

ing was detected with ECL kit (GE Healthcare). Quanti-

fication of expression levels was performed by using the 

ImageJ software (NIH, Bethesda, MD, USA).

Statistical analysis

Results are expressed as mean ± SEM. Multiple groups 

were compared using a One-way ANOVA with LSD as 

a post hoc comparison (IBM SPSS Statistics 20, SPSS 

Inc., IL, USA). Differences were considered significant at 

p < 0.05. Graphing was done using GraphPad Prism 8.

Results
PNFS decreased blood pressure levels in rats with MH

�e SBP, DBP, and MBP of MH rats started to rise gradu-

ally from 2 weeks after modeling. By 6 weeks after mode-

ling, significant differences were found compared with the 

NC (P < 0.01), and the SBP could reach 140 mmHg or more, 

indicating successful modeling. Compared with the MC, 

SBP, DBP, and MBP of rats in the PNFS-L, PNFS-M, and 

PNFS-H groups were significantly lowered after 2 weeks of 

administration (P < 0.01 and 0.05), and the blood pressure 

could be lowered stably and continuously until 6 weeks. It 

indicated that high-sugar and high-fat combination drink-

ing could raise blood pressure in rats, and PNFS could sta-

bly lower blood pressure in these rats (Fig. 3A–C).

PNFS reduced face temperature and vertigo time 

and increased grip strength in rats with MH

As shown in Fig.  3D–F, compared with the NC, the rats 

with MH had significantly higher face temperature and 

vertigo time and significantly lower grip strength (P < 0.01). 

PNFS significantly increased grip strength and decreased 

vertigo time (P < 0.01 and 0.05), and PNFS-H significantly 

decreased face temperature (P < 0.05).

PNFS reduced blood lipid levels and attenuated 

the hepatic steatosis in rats with MH

After 6 weeks of modeling, the levels of TC, TG, and LDL-c 

significantly increased (P < 0.01 and 0.05) and the level of 

HDL-c significantly decreased (P < 0.01) in rats with MH 

compared with the NC. After 2 weeks of administration, 

the TC level significantly decreased (P < 0.01 and 0.05) in 

the PNFS group and the HDL-c level significantly increased 

in the PNFS-L group (P < 0.05) compared with the MC. 

After 4 weeks of administration, the levels of TC and 

LDL-c were significantly lower in the PNFS group (P < 0.01 

and 0.05), and the improvement effect was better than that 

after 2 weeks. �e HDL-c level was significantly higher in 

the PNFS-L group (P < 0.05), but no statistically significant 

difference was found in the TG levels (Fig. 4A–D).

�e H&E staining results also showed abnormal liver in 

rats with MH. We observed that the hepatocytes of nor-

mal control rats were neatly arranged, with abundant cyto-

plasm and intact and clear nuclei; the hepatocytes of rats 

with MH were significantly enlarged, with a large number 

of fat vacuoles visible in the cytoplasm and diffuse steatosis 

of hepatocytes; and the hepatocytes in the PNFS group rats 

were less swollen and had significantly fewer fat vacuoles 

(Fig. 4E). Meanwhile, we also found that the liver index of 

rats with MH increased significantly (P < 0.01), and PNFS 

significantly decreased the liver index (Fig.  4F) (P < 0.01 

and 0.05). Taken together, we suggested that PNFS could 

improve abnormal lipid metabolism and hepatic steatosis 

to some extent.

PNFS improved vascular endothelial function in rats 

with MH

�e endothelium controls vascular tone by releasing 

vasoconstrictors such as ET-1,  TXB2, and vasodila-

tors such as NO and  PGI2 [39]. Compared with the NC, 

rats with MH showed significantly higher levels of ET-1 

and  TXB2 (P < 0.01) and lower levels of NO and  PGI2 

Table 1 Real-time PCR primers sequences

Gene Genbank Accession Primer Sequences (5’to3’)

GAPDH NM_017008.4 GAA GGT CGG TGT GAA CGG ATTTG 

CAT GTA GAC CAT GTA GTT GAG GTC A

LXRα NM_031627.2 CTG ATG TTC CCA CGG ATG CTAAT 

CCA ACA CAG AGG ACA CGG AGAA 

C3 NM_016994.2 ACG TCA GGG TCC CAG CTA 

CCG CAG GAC ATT GGG AGT AA

KLF-5 NM_053394.3 TCC TAT GCT GCT ACA ATT GCT TCG A

CCG GGT TAC TCC TTC TGT TGT 

Renin J02941.1 CTC TTG TTG CTC TGG ACC TCTT 

CGC TCC TCC AGG ATT TCC 
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Fig. 3 Effect of PNFS on behavioral signs in MH rats. A Changes in SBP. B Changes in DBP. C Changes in MBP. D Changes in face temperature. 

E Changes in vertigo time. F Changes in grip strength. NC: normal control group; MC: model control group; VAL: valsartan group; PNFS-L: PNFS low 

dose group; PNFS-M: PNFS middle dose group; PNFS-H: PNFS high dose group. #P < 0.05, ##P < 0.01 vs. the normal control group; *P < 0.05, **P < 0.01 

vs. the modle control group, n = 8–10
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Fig. 4 Effect of PNFS on blood lipids and liver of MH rats. A Changes in total cholesterol (TC). n = 7. B Changes in triglyceride (TG). n = 7. 

C Changes in high-density lipoprotein cholesterol (HDL-c). n = 7. D Changes in low-density lipoprotein cholesterol (LDL-c). n = 7. E Representative 

photomicrographs of liver tissue sections stained with H&E (100 ×). F Changes in liver index. n = 9–10. #P < 0.05, ##P < 0.01 vs. the normal control 

group; *P < 0.05, **P < 0.01 vs. the modle control group
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(P < 0.01), indicating an impaired endothelial function in 

MH rats. PNFS administration significantly decreased 

the levels of ET-1 (P < 0.01 and 0.05) and  TXB2 (P < 0.01) 

and increased the levels of NO and  PGI2 (P < 0.01) 

(Fig. 5A–D).

�e H&E staining results also showed that the aorta of 

normal control rats was structurally normal. In contrast, 

the aorta of rats with MH had thickened intima, hyper-

trophied, and disorganized vascular smooth muscle cells, 

and misaligned, interrupted, and detached endothelial 

cells. However, treatment with PNFS significantly inhib-

ited the high-sugar and high-fat combination alcohol-

induced histopathological changes in the aorta tissues. 

(Fig. 5E). �ese results indicated that PNFS could effec-

tively improve vascular endothelial function and aortic 

lesions in rats with MH.

PNFS reduced C3 levels and inhibited RAAS 
activation
WB and qPCR results showed that compared with the 

NC, the protein and mRNA expression of C3, KLF5, 

LXRα, and Renin significantly increased (P < 0.01), and 

PNFS could significantly reduce the protein and mRNA 

expression of C3, KLF5, LXRα and Renin in the kidney of 

rats with MH (P < 0.01 and 0.5) (Fig. 6A–C).

Compared with the NC, the plasma levels of Renin, 

ACE, Ang II, and ALD were significantly increased 

(P < 0.01) and the plasma levels of Renin, ACE, Ang II, 

and ALD were decreased by PNFS administration in MH 

rats (P < 0.01 and 0.5) (Fig.  6D). �e results suggested 

that PNFS could effectively reduce C3 levels and inhibit 

RAAS activation.

Discussion
MH is characterized by multiple metabolic disorders, 

often leading to cardiovascular and cerebrovascular com-

plications, and the pathological mechanisms behind its 

development are complex [4]. Some scholars suggested 

that irrational dietary habits are responsible for the ini-

tiation of MH [8]. �erefore, we established an MH rat 

model by ACHFSDs induction, which mimicked irra-

tional dietary habits in humans. We found that rats with 

MH exhibited elevated blood pressure, elevated face tem-

perature, elevated vertigo time, reduced grip strength, 

dyslipidemia, and hepatic steatosis, which were similar 

to those in patients with high blood pressure, irritabil-

ity, dizziness, fatigue, high blood lipid levels, and liver 

impairment [40–42].

To change these manifestations, we considered Panax 

notoginseng (Burkill) F. H. Chen flower, which is often 

used as a tea to fight hypertension and sedate the liver 

[31]. Saponins are the most important active ingredients 

in P. notoginseng (Burkill) F. H. Chen flower [29, 30]. In 

the present study, we detected that PNFS contained nine 

saponins, of which the more abundant ginsenoside Rb1, 

ginsenoside Rg1, ginsenoside Rb3 and ginsenoside Rd 

all clearly have certain anti-hypertensive effects [43–46], 

which may be the basis of the anti-hypertensive com-

ponents of PNFS, while the most abundant ginsenoside 

Rc and ginsenoside Rb2 are currently reported to have 

mainly cardioprotective effects [47, 48], and whether 

they have anti-hypertensive effects remains to be further 

investigated. Previous studies have shown that PNFS can 

lower blood pressure in SHR, reduce the levels of TC and 

LDL-c, and regulate lipids in rat hyperlipidemia models 

[36, 37, 49]. In the present study, PNFS was found to sig-

nificantly reduce SBP and MBP in rats with MH in the 

first week of administration and sustain a stable reduction 

in blood pressure until 6 weeks of treatment. In addition, 

PNFS reduced face temperature and vertigo time and ele-

vated grip strength in rats with MH. �e effects of PNFS 

on the serum levels of TC, TG, HDL-c, and LDL-c in rats 

with MH were then further investigated and reflected 

the characteristics and beneficial effects of PNFS in 

treating MH. PNFS significantly reduced serum TC lev-

els and PNFS-L significantly increased serum HDL-c 

levels in week 2 of administration; in week 4 of admin-

istration, PNFS significantly reduced the serum levels of 

TC and LDL-c, and PNFS-L significantly increased the 

serum levels of HDL-c. In addition, it reduced liver index, 

decreased hepatocyte swelling, reduced-fat vacuolation, 

and improved hepatic steatosis in rats with MH, indicat-

ing its benefits in preventing and treating MH.

C3 plays a crucial role in the pathogenesis of hyper-

tension [50]. It was found to be highly expressed in the 

interstitial tissue of SHR and amplifies hypertension 

in SHR by activating KLF5 to secrete several enzymes 

and growth factors, such as ACE [51]. In addition, C3 

increases the nuclear localization of LXRα via KLF5, 

which generates renin in the renal tubules [21], but this 

effect is inhibited in C3 gene–deficient SHR [52]. Previ-

ous studies have shown that P. notoginseng (Burkill) F. 

H. Chen total saponin can reduce serum C3 levels in 

patients with cerebral hemorrhage and inhibit the per-

sistent elevation of C3 [53]. �e present study found 

that PNFS not only downregulated the protein and 

mRNA expression of C3, KLF5, LXRα, and Renin in the 

kidneys but also decreased the plasma levels of renin, 

ACE, Ang II, and ALD in rats with MH. �is was con-

sistent with the previous results. �erefore, we conjec-

tured that PNFS might retard the progression of MH by 

inhibiting RAAS through C3.

Endothelial impairment can occur by high renin and 

resulting high Ang II activity [54]. Vascular endothe-

lial dysfunction is a phenotype directly related to car-

diovascular diseases such as hypertension. ET-1, NO, 
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 TXB2, and  PGI2 are vasoactive substances produced by 

vascular endothelial cells, reflecting vascular endothe-

lial function. NO, and  PGI2 are the main regulators of 

vascular tone. Endothelium-dependent vasodilatory 

dysfunction caused by various pathological factors can 

cause NO. Also,  PGI2 synthesis-releasing properties 

are decreased, and blood pressure is increased [39]. 

ET-1 and  TXB2 have vasoconstrictive effects, and their 

elevated levels are an important cause of hyperten-

sion [55, 56]. In the present study, vascular endothelial 

Fig. 5 Effect of PNFS on vascular endothelium of MH rats. A Changes in endothelin 1 (ET-1). B Changes in thromboxane  B2  (TXB2). C Changes in 

nitric oxide (NO). D Changes in prostaglandin  I2  (PGI2). E Representative photomicrographs of aorta tissue sections stained with H&E (40 ×, 400×). 

The black arrows represent tissue lesions. #P < 0.05, ##P < 0.01 vs. the normal control group; *P < 0.05, **P < 0.01 vs. the model control group, n = 8
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injury, increased the plasma levels of ET-1 and  TXB2, 

and decreased levels of NO and  PGI2 were found in 

rats with MH, consistent with previous results [4, 5]. 

PNFS corrected the imbalance of vasoactive substance 

levels in rats with MH and improved vascular histo-

pathological changes (hyperplasia and disorganization 

of vascular smooth muscle cells, and misaligned and 

interrupted endothelial cells with detachment).

In conclusion, ACHFSDs lead to an increase in C3 

in the kidneys and then induce KLF5 to increase LXRα 

expression to stimulate Renin production. On the other 

hand, C3 also produces high levels of ACE through the 

activation of KLF5, which catalyzes the conversion of 

Ang I into Ang II, induces the activation of RAAS, dis-

rupts vascular endothelial function, and thus induces 

MH (Fig.  7). PNFS reduces blood pressure in MH 

via this mechanism and lowers lipid levels, improv-

ing hepatic steatosis and lipid deposition. �e present 

study only showed the effect of PNFS in lowering blood 

pressure in male metabolic hypertensive rats, giv-

ing some basis for the development and application of 

PNFS blood pressure-lowering related products. How-

ever, the effect of PNFS on female metabolic hyperten-

sive rats still deserves further exploration.

Fig. 6 Effect of PNFS on C3/RAAS of MH rats. A Western blotting bands of C3, KLF5, LXRα, and Renin in kidney tissue of rats. B Gray intensity 

analysis. n = 3. C Relative expressions of C3, KLF5, LXRα, and Renin mRNA. n = 3. D Changes in Renin, ACE, Ang II, and ALD. n = 8. #P < 0.05, ##P < 0.01 

vs. the normal control group; *P < 0.05, **P < 0.01 vs. the modle control group
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Conclusion
�e antihypertensive effect and mechanism of PNFS on 

rats with MH were studied from three aspects. First, 

PNFS improved blood lipid levels and reduced hepatic 

steatosis. Second, PNFS modulated vascular-associated 

diastolic and systolic factors, including NO,  PGI2, ET-1, 

and  TXB2, and improved vascular endothelial func-

tion. Finally, PNFS suppressed RAAS activation and 

reduced blood pressure by regulating the expression of 

C3, KLF5, LXRα, and renin. �is study provided a new 

focus on the mechanism of anti-MH in PNFS.

Abbreviations

MH  Metabolic Hypertension

ACHFSDs  Over-eating Alcohol, High Fat and Sugar Diets

PNFS  Panax Notoginseng (Burkill) F. H. Chen Flower Saponins

C3  Complement 3

Ang II  Angiotensin II

KLF5  Krüppel-like Factor 5

LXRα  Liver X Receptor α

RAAS  Renin-Angiotensin-Aldosterone System

SHR  Spontaneously Hypertensive Rats

SBP  Systolic Blood Pressure

TC  Total Cholesterol

TG  Triglyceride

LDL-c  Low-Density Lipoprotein cholesterol

HDL-c  High-Density Lipoprotein cholesterol

DBP  Diastolic Blood Pressure

ET-1  Endothelin 1

TXB2  Thromboxane  B2

NO  Nitric Oxide

PGI2  Prostaglandin  I2
MBP  Mean arterial Blood Pressure

ACE  Angiotensin-converting Enzyme

ALD  Aldosterone

H&E  Hematoxylin and Eosin

Supplementary Information
The online version contains supplementary material available at https:// doi. 

org/ 10. 1186/ s12906- 022- 03828-2.

Additional �le 1. 

Acknowledgements

Not applicable. 

Authors’ contributions

G-YL, Y-HW and S-HC supervised the project and participated in the design 

of the study. Q-DH performed the experiments and statistical analysis as well 

as the writing of the paper. J-JY and M-QY gave experimental guidance. Y-JW 

provided the revision and correction works. JX, H-HY and X-HJ collected and 

processed samples. JS guided the design and modified the manuscript. All 

authors reviewed the results and approved the final version of the manuscript.

Funding

This work was supported by the National Science Foundation of China (No. 

81873036, No. 82003977, No. 81703772, and No. 81803819), the Huadong 

MedicineJoint Funds of the Zhejiang Provincial Science Foundation of China 

(No. LHDMZ22H280002), the Key Research and Development Program of 

Zhejiang Province (No. 2020C04020), and the Key Laboratory of pharmacology 

research on hypertension and related diseases treated by traditional Chinese 

medicine in Zhejiang Province (No. 2012E10002).

Availability of data and materials

The datasets used and/or analyzed during the current study are available from 

the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The plant handing procedures in this study comply with local and national 

regulations. The animal procedures were approved by the Zhejiang Chinese 

Medical University of Science Animal Care and Welfare Committee (permit 

number: ZSLL-2017-185). The ARRIVE guidelines were adhered to throughout 

this study. All methods were performed in accordance with the relevant 

guidelines and regulations.

Fig. 7  A summary diagram. This diagram shows the mechanism of over-eating alcohol, high fat, and sugar diets (ACHFSDs) leading to metabolic 

hypertension (MH)

https://doi.org/10.1186/s12906-022-03828-2
https://doi.org/10.1186/s12906-022-03828-2


Page 13 of 14Huang et al. BMC Complementary Medicine and Therapies           (2023) 23:13  

Consent for publication

Not applicable.

Competing interests

The authors have no conflicts of interest to declare.

Author details
1 School of Pharmaceutical Sciences, Zhejiang Chinese Medical University, 

Hangzhou, China. 2 Collaborative Innovation Center of Yangtze River Delta 

Region Green Pharmaceuticals, Zhejiang University of Technology, Hangzhou, 

China. 3 Longhua Hospital, Shanghai University of Traditional Chinese Medi-

cine, Shanghai, China. 

Received: 6 May 2022   Accepted: 26 December 2022

References

 1. Lu J, Lu Y, Wang X, Li X, Linderman GC, Wu C, et al. Prevalence, awareness, 

treatment, and control of hypertension in China: data from 1·7 million 

adults in a population-based screening study (China PEACE million 

persons project). The Lancet. 2017;390(10112):2549–58.

 2. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of hyper-

tension in China. Circulation. 2018;137(22):2344–56.

 3. Rehm J, Roerecke M. Cardiovascular effects of alcohol consumption. 

Trends Cardiovasc Med. 2017;27(8):534–8.

 4. Wang YJ, Su J, Yu JJ, Yan MQ, Shi ML, Huang QD, et al. Buddleoside-Rich 

Chrysanthemum indicum L. Extract has a beneficial effect on metabolic 

hypertensive rats by inhibiting the enteric-origin LPS/TLR4 pathway. 

Front Pharmacol. 2021;12:755140.

 5. Li B, He X, Jin HY, Wang HY, Zhou FC, Zhang NY, et al. Beneficial effects 

of Dendrobium officinale on metabolic hypertensive rats by trig-

gering the enteric-origin SCFA-GPCR43/41 pathway. Food Funct. 

2021;12(12):5524–38.

 6. Zhu Z, Xiong S, Liu D. The gastrointestinal tract: an initial organ of meta-

bolic hypertension? Cell Physiol Biochem. 2016;38(5):1681–94.

 7. Pool PE. The case for metabolic hypertension: is it time to restructure the 

hypertension paradigm? Prog Cardiovasc Dis. 1993;36(1):1–38.

 8. Zhu Z, Wang P, Ma S. Metabolic hypertension: concept and practice. Front 

Med. 2013;7(2):201–6.

 9. Nilsson B, Hamad OA, Ahlström H, Kullberg J, Johansson L, Lindhagen 

L, et al. C3 and C4 are strongly related to adipose tissue variables and 

cardiovascular risk factors. Eur J Clin Invest. 2014;44(6):587–96.

 10. Hertle E, Stehouwer CD, van Greevenbroek MM. The complement system 

in human cardiometabolic disease. Mol Immunol. 2014;61(2):135–48.

 11. Oikonomopoulou K, Ricklin D, Ward PA, Lambris JD. Interactions between 

coagulation and complement–their role in inflammation. Semin Immu-

nopathol. 2012;34(1):151–65.

 12. Ursini F, Abenavoli L. The emerging role of complement C3 as a bio-

marker of insulin resistance and Cardiometabolic Diseases: preclinical and 

clinical evidence. Rev Recent Clin Trials. 2018;13(1):61–8.

 13. Schumacher WA, Fantone JC, Kunkel SE, Webb RC, Lucchesi BR. The 

anaphylatoxins C3a and C5a are vasodilators in the canine coronary 

vasculature in vitro and in vivo. Agents Actions. 1991;34(3–4):345–9.

 14. Schraufstatter IU, Trieu K, Sikora L, Sriramarao P, DiScipio R. Complement 

c3a and c5a induce different signal transduction cascades in endothelial 

cells. J Immunol. 2002;169(4):2102–10.

 15. Xin Y, Hertle E, van der Kallen CJH, Schalkwijk CG, Stehouwer CDA, van 

Greevenbroek MMJ. Complement C3 and C4, but not their regulators or 

activated products, are associated with incident metabolic syndrome: the 

CODAM study. Endocrine. 2018;62(3):617–27.

 16. Engström G, Hedblad B, Berglund G, Janzon L, Lindgärde F. Plasma levels 

of complement C3 is associated with development of hypertension: a 

longitudinal cohort study. J Hum Hypertens. 2007;21(4):276–82.

 17. Bao X, Meng G, Zhang Q, Liu L, Wu H, Du H, et al. Elevated serum comple-

ment C3 levels are associated with prehypertension in an adult popula-

tion. Clin Exp Hypertens. 2017;39(1):42–9.

 18. Engström G, Hedblad B, Janzon L, Lindgärde F. Complement C3 and 

C4 in plasma and incidence of myocardial infarction and stroke: 

a population-based cohort study. Eur J Cardiovasc Prev Rehabil. 

2007;14(3):392–7.

 19. Bauer EM, Zheng H, Comhair S, Erzurum S, Billiar TR, Bauer PM. Comple-

ment C3 deficiency attenuates chronic hypoxia-induced pulmonary 

hypertension in mice. PLoS ONE. 2011;6(12):e28578.

 20. Yao EH, Fukuda N, Ueno T, Tsunemi A, Endo M, Matsumoto K. Comple-

ment 3 activates the KLF5 gene in rat vascular smooth muscle cells. 

Biochem Biophys Res Commun. 2008;367(2):468–73.

 21. Zhou X, Fukuda N, Matsuda H, Endo M, Wang X, Saito K, et al. Comple-

ment 3 activates the renal renin-angiotensin system by induction of 

epithelial-to-mesenchymal transition of the nephrotubulus in mice. Am J 

Physiol Renal Physiol. 2013;305(7):F957–67.

 22. Morello F, Boer R, Steffensen KR, Gnecchi M, Dzau VJ. Liver X receptors α 

and β regulate renin expression in vivo. J Clin Invest. 2005;115(7):1913.

 23. Patel S, Rauf A, Khan H, Abu-Izneid T. Renin-angiotensin-aldosterone 

(RAAS): the ubiquitous system for homeostasis and pathologies. Biomed 

Pharmacother. 2017;94:317–25.

 24. Hao P, Jiang F, Cheng J, Ma L, Zhang Y, Zhao Y. Traditional Chinese Medi-

cine for Cardiovascular Disease. J Am Coll Cardiol. 2017;69(24):2952–66.

 25. Liu H, Lu X, Hu Y, Fan X. Chemical constituents of Panax ginseng and 

Panax notoginseng explain why they differ in therapeutic efficacy. Phar-

macol Res. 2020;161:105263.

 26. Duan L, Xiong X, Hu J, Liu Y, Li J, Wang J. Panax notoginseng saponins for 

treating coronary artery disease: a functional and mechanistic overview. 

Front Pharmacol. 2017;8:702.

 27. Hu S, Wu Y, Zhao B, Hu H, Zhu B, Sun Z, et al. Panax notoginseng saponins 

protect cerebral microvascular endothelial cells against oxygen-

glucose Deprivation/Reperfusion-Induced Barrier Dysfunction via 

activation of PI3K/Akt/Nrf2 antioxidant signaling pathway. Molecules. 

2018;23(11):2781.

 28. Xu C, Wang W, Wang B, Zhang T, Cui X, Pu Y, et al. Analytical methods 

and biological activities of Panax notoginseng saponins: recent trends. J 

Ethnopharmacol. 2019;236:443–65.

 29. Wan JB, Zhang QW, Hong SJ, Li P, Li SP, Wang YT. Chemical investigation 

of saponins in different parts of Panax notoginseng by pressurized liquid 

extraction and liquid chromatography-electrospray ionization-tandem 

mass spectrometry. Molecules. 2012;17(5):5836–53.

 30. Wang JR, Yau LF, Gao WN, Liu Y, Yick PW, Liu L, et al. Quantitative compari-

son and metabolite profiling of saponins in different parts of the root of 

Panax notoginseng. J Agric Food Chem. 2014;62(36):9024–34.

 31. Zhang S, Chen C, Lu W, Wei L. Phytochemistry, pharmacology, and 

clinical use of Panax notoginseng flowers buds. Phytother Res. 

2018;32(11):2155–63.

 32. Wang Y, Qian P, Liu P, Wei L, Cao M, Zhou L, et al. Effects of Panax notogin-

seng flower extract on the TGF-β/Smad signal transduction pathway in 

heart remodeling of human chymase transgenic mice. Mol Med Rep. 

2012;5(6):1443–8.

 33. Yang BR, Cheung KK, Zhou X, Xie RF, Cheng PP, Wu S, et al. Amelioration 

of acute myocardial infarction by saponins from flower buds of Panax 

notoginseng via pro-angiogenesis and anti-apoptosis. J Ethnopharmacol. 

2016;181:50–8.

 34. Yoshikawa M, Morikawa T, Kashima Y, Ninomiya K, Matsuda H. Structures 

of new dammarane-type Triterpene Saponins from the flower buds of 

Panax notoginseng and hepatoprotective effects of principal Ginseng 

Saponins. J Nat Prod. 2003;66(7):922–7.

 35. Zeng Y, Song JX, Shen XC. Herbal remedies supply a novel prospect for 

the treatment of atherosclerosis: a review of current mechanism studies. 

Phytother Res. 2012;26(2):159–67.

 36. Min C, Danfei L, Guoyin W, Youhua W, Duan Z, Li Z, et al. Research 

of Panax Notoginseng Flower Saponins’ Antihypertensive Effect on 

spontaneous hypertension rats. Zhong Hua Zhong Yi Yao Xue Kan. 

2014;32(2):367–9.

 37. Min C, Youhua W, Fubo W, Duan Z, Li Z, Yiqiang L, et al. Effect study on 

blood pressure by Panax Notoginseng Flower Saponins. Guang Ming 

Zhong Yi. 2012;27(7):1314–5.

 38. Li W, Hao Z. Studies on separation and purification of total saponin from 

flower buds of Panax notoginseng by macroporous resins. Zhong Yao Cai. 

2008;31(9):1418–21.

 39. Incalza MA, D’Oria R, Natalicchio A, Perrini S, Laviola L, Giorgino F. 

Oxidative stress and reactive oxygen species in endothelial dysfunction 



Page 14 of 14Huang et al. BMC Complementary Medicine and Therapies           (2023) 23:13 

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

associated with cardiovascular and metabolic diseases. Vascul Pharmacol. 

2018;100:1–19.

 40. Liang X, Wang Q, Jiang Z, Li Z, Zhang M, Yang P, et al. Clinical research 

linking traditional Chinese Medicine constitution types with diseases: 

a literature review of 1639 observational studies. J Tradit Chin Med. 

2020;40(4):690–702.

 41. Parfenov VA, Ostroumova ТМ, Ostroumova OD, Pavleyva EE. Features of 

the clinical picture in patients of middle age with essential hypertension. 

Ter Arkh. 2018;90(9):15–26.

 42. Vetrano DL, Palmer KM, Galluzzo L, Giampaoli S, Marengoni A, Bernabei 

R, et al. Hypertension and frailty: a systematic review and meta-analysis. 

BMJ Open. 2018;8(12):e024406.

 43. Wang RX, He RL, Jiao HX, Zhang RT, Guo JY, Liu XR, et al. Preventive 

treatment with ginsenoside Rb1 ameliorates monocrotaline-induced pul-

monary arterial hypertension in rats and involves store-operated calcium 

entry inhibition. Pharm Biol. 2020;58(1):1055–63.

 44. Chen H, Yin J, Deng Y, Yang M, Xu L, Teng F, et al. The protective effects of 

ginsenoside Rg1 against hypertension target-organ damage in sponta-

neously hypertensive rats. BMC Complement Altern Med. 2012;12:53.

 45. Wang Y, Dong J, Liu P, Lau CW, Gao Z, Zhou D,et al. Ginsenoside Rb3 

attenuates oxidative stress and preserves endothelial function in renal 

arteries from hypertensive rats. Br J Pharmacol. 2014;171(13):3171–81.

 46. Cai BX, Li XY, Chen JH, Tang YB, Wang GL, Zhou JG, et al. Ginsenoside-Rd, 

a new voltage-independent Ca2 + entry blocker, reverses basilar hyper-

trophic remodeling in stroke-prone renovascular hypertensive rats. Eur J 

Pharmacol. 2009;606(1–3):142–9.

 47. Xue Y, Fu W, Liu Y, Yu P, Sun M, Li X, et al. Ginsenoside Rb2 alleviates 

myocardial ischemia/reperfusion injury in rats through SIRT1 activation. J 

Food Sci. 2020;85(11):4039–49.

 48. Xue Y, Yu X, Zhang X, Yu P, Li Y, Fu W, et al. Protective effects of ginseno-

side rc against acute cold exposure-induced myocardial injury in rats. J 

Food Sci. 2021;86(7):3252–64.

 49. Changlei L, Huiling Y, Xiaoqing C. Regulation of Panax Notoginseng 

Flower Saponins on lipids in hyperlipidemia model rats. Chin J Pharmacol 

Toxicol. 2018;32(9):740.

 50. Chen L, Fukuda N, Matsumoto T, Abe M. Role of complement 3 in the 

pathogenesis of hypertension. Hypertens Res. 2020;43(4):255–62.

 51. Chen L, Fukuda N, Otsuki T, Tanaka S, Nakamura Y, Kobayashi H, et al. 

Increased complement 3 with suppression of miR-145 induces the syn-

thetic phenotype in vascular smooth muscle cells from spontaneously 

hypertensive rats. J Am Heart Assoc. 2019;8(10):e012327.

 52. Negishi E, Fukuda N, Otsuki T, Katakawa M, Komatsu K, Chen L, et al. 

Involvement of complement 3 in the salt-sensitive hypertension by acti-

vation of renal renin-angiotensin system in spontaneously hypertensive 

rats. Am J Physiol Renal Physiol. 2018;315(6):F1747–58.

 53. Ying G, Su D, Jie Z, Shisen F, Zheng W. Effects of total panax notogin-

seng saponins on neurological function and complement 3 in patients 

with acute intracerebral hemorrhage. Chin Traditional Patent Med. 

2011;33(11):1851–3.

 54. Dharmashankar K, Widlansky ME. Vascular endothelial function 

and hypertension: insights and directions. Curr Hypertens Rep. 

2010;12(6):448–55.

 55. Caligiuri SPB, Aukema HM, Ravandi A, Lavallée R, Guzman R, Pierce 

GN. Specific plasma oxylipins increase the odds of cardiovascular and 

cerebrovascular events in patients with peripheral artery disease. Can J 

Physiol Pharmacol. 2017;95(8):961–8.

 56. Xu M, Lu YP, Hasan AA, Hocher B. Plasma. ET-1 concentrations are 

elevated in patients with hypertension - Meta - analysis of Clinical Stud-

ies. Kidney Blood Press Res. 2017;42(2):304–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.


	Beneficial effects of Panax notoginseng (Burkill) F. H. Chen flower saponins in rats with metabolic hypertension by inhibiting the activation of the renin–angiotensin–aldosterone system through complement 3
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Chemicals and reagents
	Preparation of PNFS
	Analysis of saponins in PNFS
	Animals and treatment
	Blood pressure measurement
	Blood biochemical measurement
	Grip strength test
	Face temperature measurement
	Balance rotarod test
	Enzyme-linked immunosorbent assay
	Liver index
	Hematoxylin and eosin (H&E) staining
	Quantitative real-time PCR
	Western blot analysis
	Statistical analysis

	Results
	PNFS decreased blood pressure levels in rats with MH
	PNFS reduced face temperature and vertigo time and increased grip strength in rats with MH
	PNFS reduced blood lipid levels and attenuated the hepatic steatosis in rats with MH
	PNFS improved vascular endothelial function in rats with MH

	PNFS reduced C3 levels and inhibited RAAS activation
	Discussion
	Conclusion
	Acknowledgements
	References


