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1. Introduction

Hypertension is the most common cardiovascular 
risk factor and a major public health problem in the 
world. Development of hypertension was closely 
related to the vascular endothelial dysfunction. 
Endothelial dysfunction may contribute to increased 

sys temic  vascular  res is tance  and lead to  the 
development of hypertension. Endothelial dysfunction 
is commonly manifested as impaired endothelium 
dependent vasodilation due to an imbalance between 
vasoconstrictors and vasodilators (1). Thus, improving 
vascular endothelial dysfunction plays an important 
role in hypertension treatment.
 In recent years, hypertension was considered to be 
a low-grade inflammatory disease (2), and vascular 
endothelial is the key part. When vascular endothelial 
damage, the activation of endothelial cells can secrete 
proinflammatory cytokines such as interleukin-6 (IL-
6), interleukin-1 beta (IL-1β), and tumor necrosis factor 
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alpha (TNF-α) and also express the immunoglobulin 
superfamily cell adhesion molecules and selection 
family. These cytokines facilitate the adhesion of 
neutrophils and monocytes to endothelium affecting 
production of endothelium-derived nitric oxide (NO), 
impairing endothelial dependent vasodilation function, 
inducing inflammatory damage of vascular walls (3). 
Therefore, it is a key factor to lower blood pressure that 
secretion of inflammatory substances was regulate.
 Although drugs and changing life styles have 
been widely promoted to control the hypertension, 
unfortunately, the prevention of the progression of 
vascular damage in hypertension patients remains 
pessimistic. Traditional Chinese medicine (TCM) 
provides a potential option to the treatment of 
hypertension. From the 1950s, Chinese physicians 
have been concentrating on effective prevention and 
cure for hypertension using TCM, and considerable 
progress has been achieved (4). Many TCMs and their 
active components have been reported to have anti- 
hypertension effects.
 Syndrome differentiation is a diagnostic and 
treatment method used in TCM. It plays an important 
role in the therapeutic process and affects the 
therapeutic result of hypertension. Some scholars have 
found that yang hyperactivity was the most common 
excessive syndrome elements of hypertension (5). 
Hyperactivity of liver yang is characterized by vertigo, 
tinnitus, headache, flushing, red eyes, irritability, 
insomnia, lassitude in lion and legs, bitter mouth, red 
tongue, and wiry pulse. Our previous studies showed 
that hyperactivity of liver yang might be related to 
the fifteen compounds of the structure and metabolic 
pathways mainly including amino acids, free fatty 
acids, and sphingosine by high performance liquid 
chromatography coupled with time of flight mass 
spectrometry (HPLC-TOFMS) (6). Usually, calming 
the liver wind and liver Yang is an important treatment 
method.
 Uncaria rhynchophylla  Miq Jacks (Gouteng 
in Chinese) belongs to the family of Rubiaceae. 
Currently, Uncaria rhynchophylla is generally used 
to treat ailments in the cardiovascular and central 
nervous systems, such as lightheadedness, convulsions, 
numbness, and hypertension, etc. (7,8). The effective 
component of Uncaria rhynchophylla is Uncaria 
rhynchophylla total alkaloids. Our previous study had 
proved that Uncaria rhynchophylla total alkaloids had 
the pharmacological effects of lowering blood pressure, 
protecting vascular endothelium, inhibiting cell aging 
and improving the thoracic aorta wall reconstruction 
(9-11). Semen Raphani (Laifuzi in Chinese) belongs 
to the family of Brassicaceae and Semen Raphani 
soluble alkaloid is the main effective ingredient. 
Several researches indicated that Semen Raphani 
soluble alkaloid can had prominent function to lower 
the hypotension, improve the process of cardiovascular 

remodeling and protect target via antioxidation (12,13).
 Uncaria rhynchophylla combined with Semen 
Raphani is widely used in clinics for hyperactivity of 
liver yang in hypertensive treatment in the Hospital of 
Shandong University of Traditional Chinese Medicine. 
The classical prescription can effectively reduce blood 
pressure in hypertensive patients. We speculate that 
Uncaria rhynchophylla combined with Semen Raphan 
should exhibit protective effects of vascular endothelial 
cells. Thus, in the present study, we investigated the 
protective effects of Uncaria rhynchophylla total 
alkaloids and Semen Raphani soluble alkaloid against 
vascular endothelial dysfunction in hypertensive rats 
induced by N'-nitro-L-arginine (L-NNA). Furthermore, 
the underlying mechanisms for Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid-
induced protective effects were investigated. Valsartan 
was purchased from Beijing Novartis Pharmaceutical 
Co., Ltd. (Beijing, China).

2. Materials and Methods

2.1. Materials

L-NNA was purchased from sigma (St. Louis, MO, 
USA). Anti-Rat CD54 PerCP-eFluor 710 and Anti-Rat 
CD3PE were purchased from eBioscience (San Diego, 
California, USA). CD31 FITC and rabbit monoclonal 
antibody to CD146 were purchased from Abcam 
(London, UK). CD62P PerCP was purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Uncaria rhynchophylla and Semen Raphani were 
purchased from Jianlian Traditional Chinese medicine 
Store (Jinan, China).

2.2. Preparation of drugs

Acid dyes staining method was utilized to determine 
the content of Uncaria rhynchophylla total alkaloids, 
and high performance liquid chromatography (HPLC) 
method was adopted to establish the fingerprint. 
The HPLC method was also applied to ensure that 
the contents of rhynchophylline accounted for more 
than 5.5% in Uncaria rhynchophylla total alkaloids 
and of sinapine cyanide sulfonate accounted for 
more than 40% in Semen Raphani soluble alkaloid. 
Uncaria rhynchophylla total alkaloids and Semen 
Raphani soluble alkaloid were provided by professor 
Honglei Zhou (Shandong University of Traditional 
Chinese Medicine). According to the result of multiple 
regression analysis and partial least-squares regression, 
we had proved that the optimal ratio of the two 
components in lowering blood pressure was 5/6 (14).
 Then the mixture was dissolved in physiological 
saline and prepared into three suspensions, which 
contained the Uncaria rhynchophylla total alkaloids 
with concentration of 3.853mg/mL + the Semen 
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2.4. Detection of blood pressure of tail artery

Systolic blood pressure (SBP), diastolic blood pressure 
(DBP) and mean arterial blood pressure (MAP) were 
detected by a tail-cuff sphygmomanometer with an 
automated system photoelectric sensor (ALC-Non-
Invasive Blood Pressure System, Shanghai Alcott 
Biotech Co., Ltd., Shanghai, China). Rats were heated 
to dilate rat-tail artery for blood pressure measurements. 
All rats were measured 3 times in parallel, and data was 
collected as a mean.

2.5 .  Observat ion of  rat  vascular  endothel ial 
morphological

Following 24 h fasting, rats were anesthetized by 
intraperitoneal injection of sodium pentobarbital (60 
mg/kg). After drawing blood, the thoracic aorta, renal 
artery and mesenteric artery were gently separated 
as fast as possible, cleaned of connective tissue and 
flushed by saline. Samples were fixed in the 2.5% 
glutaraldehyde solution for 24 h. Scanning electron 
microscopy was used to observe the integrity or 
shedding state of vascular endothelial cell.

2.6.  Measurement of the number of circulating 
endothelial cells

Peripheral blood was sampled at different time points: 
before modeling, the 1st, the 3rd and the 5th weekend 
after administration. The number of circulating 
endothelial cells (CECs) was measured by indirect 
FACS-fluorescence labeled antibody by flow cytometry 
(Shanghai, Chain). The percentage of mononuclear 
cells in white blood cells (WBC) (M1) was detected by 
flow cytometry. And then detected by flow cytometry 
the percentage of CD3-CD31+CD62P+ cells in the 
mononuclear cells (M2). The results of M1 multiplied 
M2 were the circulating endothelial cells accounted 
leukocyte percentage (M). The absolute value of WBC 
was counted with hemocytometer under microscopy 
(N1). The results of M multiplied N1 were the 
circulating endothelial cell number (N = M × N1).

2.7. Detection of circulating endothelial cells CD54 
and CD62P expression

FACS combined with fluorescently labeled antibodies 
indirect detection method was used to detect the mean 
fluorescence intensity of CD54 and CD62P on CD3-

CD31+cell.

2.8. Statistical analysis

All the data was processed with SPSS 15.0 software 
(SPSS Inc., USA). The results were expressed as means 
± SEM. The multi-group comparisons used one-way 

Raphani soluble alkaloid with concentration of 4.623 
mg/mL, the Uncaria rhynchophylla total alkaloids 
with concentration of 3.853mg/mL and the Semen 
Raphani soluble alkaloid with concentration of 4.623 
mg/mL. Valsartan dissolved in physiological saline to 
a concentration of 1.335 mg/mL and kept at 4°C. The 
suspensions were stored at 4°C before use.

2.3. Modeling and grouping

One hundred and twenty male Wistar Kyoto rats 
(WKY), SPF level, 5-week-old, 165-212 g, were 
purchased from Shandong Lukang Pharmaceutical Co., 
Ltd. (certificate: SCXL (Lu) 20080002). The animals 
were taken care under standard conditions (12 h light/
dark cycle, ventilated, fixed temperature and humidity 
room). Rats were provided standard rat pellet food 
for nourishment and tap water as drinking water. All 
animal experiments were performed in accordance with 
the guidelines of Shandong University of Traditional 
Chinese Medicine for the care and use of laboratory 
animals and approved by the Animal Ethics Review 
Committee of Shandong University of Traditional 
Chinese Medicine. 
 One hundred and twenty rats were randomly 
divided into 2 groups, namely, the normal control 
group (n = 20), model group (n = 100). The modeling 
started after 7-day adaptive feeding. The model group 
was induced by intraperitoneal injection of L-NNA at a 
dose of 7.625 mg/kg·d, while the normal control group 
was injected the same volume of physiological saline. 
Blood pressure began to increase in the first modeling 
week. The injection lasted 2 weeks and formed stability 
hypertension, indicating successful modeling.
 Rats proven to be hypertension (n = 100) were 
randomly assigned to five groups with 20 rats in 
each group: model group, valsartan group, Uncaria 
rhynchophylla total alkaloids group (U group), Semen 
Raphani soluble alkaloids (R group) and Uncaria 
rhynchophylla total alkaloids + Semen Raphani soluble 
alkaloid group (U-R group). And 20 Wistar Kyoto rats 
were recruited as the normal control group. Intragastric 
administration was performed once a day for each 
treatment group. The dosages of suspensions were 
calculated according to the body surface area of human 
and rat. The Valsartan was intragastrically administered 
at a dose of 2.67 mg/200g (prescription/body weight). 
The doses of Uncaria rhynchophylla total alkaloids, 
Semen Raphani  soluble alkaloids and Uncaria 
rhynchophylla total alkaloids + Semen Raphani soluble 
alkaloid groups were 7.705 mg/200 g, 9.246 mg/200 g 
and (7.705 mg + 9.246 mg)/200 g (prescription/body 
weight) respectively. The normal control group and 
model group were intragastrically administrated by 
physiological saline at the equivalent dose. Every group 
was given suspensions for 6 days per week and 5 weeks 
in a row.
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analysis of variance (ANOVA). A p value < 0.05 was 
considered statistically significant.

3. Results

3.1. The changes of blood pressure in different groups

Baseline SBP, DBP and MAP were similar in the six 
experimental groups (p > 0.05). The blood pressure 
of rats in the Valsartan group, U group, R group and 
U-R group were decreased significantly compared 
to the model group(p < 0.05) (Figure 1A). DBP and 
MAP decreased in different extent after administration, 
but the effect was not as obvious as SBP (Figures 
1B and 1C). From the perspective of lowering the 
blood pressure, the antihypertensive effect of Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid compatibility was similar with that 
of valsartan (p < 0.05). When treated with Uncaria 
rhynchophylla total alkaloids, Semen Raphani soluble 
alkaloid and combination of the two, respectively, the 
blood pressure decreased at different degrees, however, 
the combination of the two demonstrated the most 
powerful effect on decreasing the blood pressure. This 
indicates the Uncaria rhynchophylla total alkaloids and 
Semen Raphani soluble alkaloid compatibility have an 
additive effect.

3.2. Improve the morphology of vascular endothelial 
cells

Endothelial morphology of thoracic aorta, renal artery 
and mesenteric artery were observed with scanning 
electron microscopy. The endothelial cells of rats in 
normal control group were showed neat cord blood 
vessels, completely connecting and mucosal smoothing 
endothelial cells, without significant fiber plaques 
adhesion on cell surface. In contrast, the model group 
had significantly shedding endothelial cells that 
gathered into a group. The disordered cable, loss of 
connections between cells that resulted in voids or 

"honeycomb" shape endometrium was also observed 
by electron microscopy. Endometrial attachments were 
increased simultaneously. Injury of thoracic aorta was 
most, while mesenteric artery injury the degree lightest. 
After treatment, the rats endometrial integrity and 
shedding state of endothelial cells were significantly 

Figure 1. The changes of blood pressure in different groups. Systolic pressure (A), diastolic pressure (B) and mean arterial 
pressure (C) of rats kept decreasing gradually during the 5-week-study in Valsartan group, Uncaria rhynchophylla total alkaloids 
group (U group), Semen Raphani soluble alkaloids group (R group), and Uncaria rhynchophylla total alkaloids + Semen Raphani 
soluble alkaloid group (U-R group), while model group have no significant changes. Significant difference (p < 0.05) due to 
comparing with model group is denoted by asterisk (*).

Figure 2. Endothelial morphology of thoracic aorta (A), 
renal artery (B) and mesenteric artery (C) were observed 
by scanning electron microscope after 5 weeks of drug 
treatment. a: normal control group; b: model group; c: 
valsartan group; d: U group; e: R group; f: U-R group. The 
arrows point to the endothelial damage and the change of 
endothelial morphology.
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improved which corresponded to the flow cytometry 
results. The improved effects of Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid 
compatibility were better than single active fraction 
(Figure 2).

3.3. The amount of CECs

After treatment for 1, 3, 5 weeks, the number of CECs 
were detected. As shown in Figure 3, the number of 
CECs in model group was significantly increased 
compared to the control group (p < 0.05). While 
compared with the model group, the number of CECs in 
Valsartan group, U group, R group and U-R group have 
different extents of reduction in the administration of 1, 3, 
5 weeks (p < 0.05). The number of CECs in U-R group 
was declined in early intervention and dropped 62% after 
administration for 5 weeks, which is better than U group 
and R group (decreased by 48% and 47% at 5 weeks 
end).

3.4. The expression levels of CECs CD54 and CD62P

Similar with the relationship of CECs number and blood 
pressure, the trend of mean fluorescence intensity of 
CD54 and CD62P was positively correlated with blood 
pressure. As shown in Figure 4, compared with the 
normal group, the mean fluorescence intensity of CD54 
and CD62P in model group was significantly increased 
(p < 0.05). After treatment, with the reduction in blood 
pressure, the treatment group rats mean fluorescence 
intensity of CD54 and CD62P expressed with different 
degree of reduction (p < 0.05). We have observed 
CD62P expression on CECs continued to fall in U-R 
group (decreased by 30% at 5 week end), while the 
efficacy of U group and R group was not stable. Treated 
with drugs, CD54 expression on CECs has improved 
different degrees over the 5 weeks. U-R group showed 

Figure 4. The expression levels of CECs CD54 and CD62P. 4A and 4C show the CD54 and CD62P flow diagram of each 
group after 5 weeks of administration. 4B and 4D demonstrate the changes of the mean fluorescence intensity of CD54 and 
CD62P in each group. Significant difference (p < 0.05) due to comparing with model group is denoted by asterisk (*). a: normal 
control group; b: model group; c: valsartan group; d: U group; e: R group; f: U-R group.

Figure 3. The number of CECs. CD3-CD31+CD62P+ 
identifies the shedding number of circulating endothelial cells 
by flow cytometry. Figure 3A shows the CECs flow diagram 
of each group after 5 weeks of administration. Figure 3B 
shows the changes of CECs number in each group. Significant 
difference (p < 0.05) due to comparing with model group is 
denoted by asterisk (*). a: normal control group; b: model 
group; c: valsartan group; d: U group; e: R group; f: U-R 
group.
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the best efficacy, because of the decreased by 59% at 
the end 5 week.

4. Discussion

In this study, we have found that Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid 
compatibility has efficacy on antihypertensive 
function and protection on vascular endothelial cells. 
Specifically, we have demonstrated protection vascular 
endothelial in three ways. First, the compatibility can 
significantly improve the endometrial integrity and 
shedding state of endothelial cells. Second, Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid compatibility can reduce the number 
of CECs. Finally, the compatibility can decrease the 
expression of CD54 and CD62P on CECs.
 The combination of Uncaria rhynchophylla 
and Semen Raphani contains complex chemical 
compositions and has the characteristics of multi-
component, multi-level, multi-target and multi-
metabolic pathways, resulting in difficulty to clarify the 
mechanism of action. In order to solve this problem, 
we use technology of composition compatibilities of 
traditional Chinese medicinals that persist syndrome 
differentiation and have the advantage of controllable 
compositions, clear targets and explicit mechanism. 
So, we extracted the effective components of 
Uncaria rhynchophylla and Semen Raphani (Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid). Uncaria rhynchophylla total alkaloids 
contain multiple alkaloids, such as rhynchophyline, 
isorhychophyline and corynantheine etc .  The 
rhynchophyline and isorhychophyline are the main 
active ingredient. The pharmacological studies indicated 
that the rhynchophyline and isorhychophyline showed 
antihypertensive activity, antiarrhythmic, inhibition of 
platelet aggregation and antithrombotic (15). The major 
active compounds in Semen Raphani are alkaloids, 
glucosinolates, brassinosteroids, flavonoids and so on. 
Semen Raphani soluble alkaloid demonstrated to have 
antihypertensive effects. Sinapine is the major bioactive 
alkaloid, existing in the form of sinapine thiocyanate in 
Semen Raphani (16). The pharmacological functions of 
sinapine include antihypertensive effect, antioxidative, 
and neuroprotective, etc. (17). 
 Vascular endothelial cells are the major regulator 
of vascular homeostasis. The endothelium is a single 
cell layer that lines the luminal surface of blood vessels 
and is involved in regulation of vascular tone and 
structure. They adjust the cardiovascular system by 
secreting a variety of active substances. In hypertensive 
pathological conditions due to blood flow shear stress 
and flow fluctuation is too strong, the structure and 
function of vascular endothelial cells are changed. This 
became one of the initial factors of endothelial cells 
dysfunction (18). On the other hand, injury of vascular 

endothelial cells undermined the self-regulating system 
balance, namely, increasing the synthesis of ET and 
decreasing the synthesis and release of NO, leading 
to vascular tension adjustment disorder and structural 
changes in the vascular wall, and ultimately triggering 
increased blood pressure (19). 
 CECs are a novel means of assessing endothelial 
dysfunction, meaning that mature cells are detached 
from the vascular intimal layer due to a great deal of 
insults (20). CECs are a stable and sensitive marker 
for endothelia damage, and may serve as a clinical 
marker in diagnosis, monitor and curative effect 
evaluation. Circulating levels of CECs are increased in 
hypertension associated with endothelial dysfunction 
(21,22). Research suggested significantly higher CECs 
counts among seven patients with hypertension, when 
compared with 22 matched, healthy control subjects 
(23). However, the precise surface antigen(s) used 
to identify CECs has not been established; CD31, 
CD54, CD106, CD141, CD146, etc. have all been 
used to identify cells of endothelial origin (22). These 
markers were not specific to vascular endothelial cells, 
and actually there is no such a standard yet. CD31 
is a constitutive marker expressed on endothelial 
cells. CD62P can be used as a molecular marker of 
endothelial dysfunction (24). Referring to the most 
commonly used CD molecules and considering two 
positive markers are highly recommended, we chosed, 
in this experiment, CD3-PE, CD31-FITC and CD62P-
PerCP to mark CECs. 
 In our study, the amount of CECs of model group 
was much higher than that of normal group. During the 
5-week study, the CECs count of each treatment group 
kept decreasing, especially in valsartan and U-R groups. 
This showed that Uncaria rhynchophylla total alkaloids 
and Semen Raphani soluble alkaloid compatibility 
could protect the vascular endothelial cells effectively 
and prevent vascular endothelial cells falling off.
 Vascular wall inflammation reaction exists in 
hypertension patients, and inflammation is involved in 
the pathophysiological process (25). In the hypertensive 
state, vascular endothelial cells could induce secretion 
of a variety of inflammation-related substances, such 
as the immunoglobulin superfamily cell adhesion 
molecule-1 (ICAM-1; CD54), vascular cell adhesion 
molecule-1 (VCAM-1) and selectin family of P-selectin 
(CD62P). CD54 is the important adhesion molecule 
and plays an important role in both innate and adaptive 
immune responses. It is involved in the trans-endothelial 
migration of leukocytes to sites of inflammation (26). 
CD62P is also an important adhesion molecule and is 
stored in the α granules of platelets and the Weibel-
Palade bodies of endothelial cells. CD62P mainly 
mediated leukocytes adhesion and activated endothelial 
cells, which was a direct result of adhesion between 
cells and matrix. Inflammation-related substances 
would further damage and activate endothelial cells. 
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The vicious cycle is created, which is prompting the 
development of hypertension. Therefore, improving 
endothelial function and inhibiting the expression of 
inflammation-related substances in the wall is not only 
the basic strategy of vascular endothelial protection, but 
also an important goal of antihypertensive.
 In our experiment, we observed that the model 
group rats increased expression of CD54 and CD62P. 
The changes above verified elevated blood pressure 
could indeed increase various inflammatory substances 
secretion and expression. After treatment, the number 
of vascular endothelial cell adhesion molecule 
expression was significantly decreased. And Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid compatibility exhibited the best 
efficiency, which suggested that these two components 
can protect vascular endothelial cells by reducing 
adhesion molecule expression, inhibiting leukocyte and 
endothelial cell adhesion and suppressing vascular wall 
inflammation.

5. Conclusion

The effective components of the combination of 
Uncaria rhynchophylla and Semen Raphani (Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid) demonstrated good anti-hypertension 
effect and vascular endothelium protective effect. The 
preliminary mechanism may attribute to relieving the 
overall low-grade inflammation. The results also proved 
that composition compatibilities of traditional Chinese 
medicinals show potential in analysis of multi-target and 
multi-pathway mechanism of Chinese herbs.
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