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Introduction
 Sorafenib is a multi-kinase inhibitor drug commonly used in the 
clinical treatment of various tumors [1]. As a vascular targeting drug, 
its mechanism of action is to inhibit the abnormal formation of neo-
vascularization in tumor tissues by blocking vascular endothelial fac-
tor receptors and the blood supply to tumors, thereby inhibiting the 
growth and proliferation of tumor cells [2,3]. Currently, sorafenib has 
been widely used in the treatment of liver tumors. However, the drug 
has been reported to exhibit variety of adverse reactions, which are 
common after 3-4 weeks of administration, among which hyperten-
sion has been found to be a serious complication with a high inci-
dence of 16.0% - 42.6% [4]. The difficultness in diagnosing and treat-
ing sorafenib-induced hypertension may directly lead to a reduction 
in the dose of sorafenib, amid the patient permanently discontinuing 
the usage of the drug in severe cases [5]. Existing studies have de-
scribed the Vascular Endothelial-Growth Factor (VEGF) pathway as 
the main target for vascular-targeting drugs and it was closely related 
to sorafenib-induced hypertension, but the physiological regulatory 
mechanism is still unclear. As a highly specific vascular endotheli-
al mitogenic factor, VEGF can promote endothelial cell division and 
proliferation, induce angiogenesis and increase capillary permeabil-
ity [6]. Besides, abnormal expression of VEGF has been observed 
in patients with hypertension induced by sorafenib in previous work 
[7]. Also, in spontaneously hypertensive rats (SHR), the activation of 
VEGF signaling pathway could promote nitric oxide (NO) synthe-
sis that caused peripheral vascular dilatation to prevent hypertension 
occurrence [8]. Despite these studies, available evidence suggests 
that investigation on the mechanism of VEGF signaling pathway and 
sorafenib-induced hypertension is still lacking. Herein, the alterations 
in relevant physical and chemical indexes in normal nude, SH nude 
and tumor-bearing mice after administration of a certain sorafenib 
dose were studied to explore the mechanism underlying hypertension 
induced by sorafenib, which may aid the provision of coping strate-
gies for clinical treatment.
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Abstract
 To explore the mechanism of hypertension caused by sorafenib 
in liver cancer-bearing rats based on Vascular Endothelial-Growth 
Factor (VEGF) signal pathway. After the three groups (blank, liver 
cancer and Spontaneously Hypertensive Rat (SHR) groups, n = 30) 
were administered orally with sorafenib (2 mg/kg), the non-invasive 
tail arterial pressure measurement was employed to determine the 
changes in blood pressure (BP). Enzyme-linked immunosorbent as-
say measured the changes of VEGF and Nitric Oxide (NO) in se-
rum. The expressions of Kinase insert Domain Receptor tyrosine 
kinase (KDR-CD), endothelial Nitric Oxide Synthase (eNOS), Bax 
and Bcl-2 were detected by Western blot. TUNEL assay detected the 
Apoptosis Index (AI) of cardiomyocyte. CD31 immunohistochemical 
staining was observed the changes of Myocardial Capillary Density 

(MCD). The BP and VEGF levels of the blank and SHR groups were 
not significantly (P > 0.05) different from those in the before treat-
ment cohort, while the BP of the liver cancer group was significantly 
(P < 0.05) higher. VEGF level was significantly (P < 0.05) lower than 
before. Compared with the blank group, the levels of NO, KDR-CD, 
eNOS, Bcl-2/Bax and MCD in the liver cancer group were significant-
ly (P < 0.05) lower than those in the after administration, while the 
myocardial cell AI increased significantly (P < 0.05). After antagonist 
intervention, the BPs and myocardial AI of the liver cancer and SHR 
groups were significantly lower than before the intervention. Besides, 
levels of KDR-CD, eNOS, Bcl-2/Bax protein, MCD, serum VEGF and 
NO were significantly higher than before the intervention (P<0.05). 
Induction mechanism of hypertension induced by sorafenib may be 
owing to the inhibition of the VEGF signaling pathway, and reduction 
of endothelial cells proliferation leading to blockade of NO synthesis. 
This causes vasoconstriction, while promoting myocardial cell apop-
tosis and decreasing capillary density, thereby inducing the occur-
rence of hypertension.
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Materials and methods
Animals and cells

 Sixty male Wistar rats and 30 homologous SHR male rats (all aged 
12 weeks, 200 ± 10 g) were purchased from Beijing Weitong Lihua 
Laboratory Animal Co., Ltd., with laboratory animal production li-
cense number of SCXK (Beijing) 2017-0001. The rat feeding envi-
ronment was as follows: room temperature (22 ± 2℃), humidity (60 
-70%), 12 h / 12 h interval lighting, standard feed and free drinking 
water. The H22 hepatocellular carcinoma cell line was bought from 
the Cancer Research Institute of Chinese Academy of Medical Sci-
ences. All animals used fully comply with local and national ethics, 
as well as licensing requirements of Laboratory Animal Management 
Assessment and Accreditation (AAALAC) International.

Drugs and reagents

 Sorafenib (registration certificate number, H20130137) was sup-
plied by the Bayer Medical & Health Co., Ltd., Germany. Next, the 
VEGF receptor antagonist (SU5416) was purchased from American 
APExBIO Company. The VEGF Enzyme-Linked Immunosorbent 
Assay (ELISA) kit was bought from Wuhan Huamei Co., Ltd. Also, 
NO kits were provided by Nanjing Jiancheng Bioengineering Re-
search Institute. The RIPA protein lysate was produced by Shanghai 
Biyuntian Company, while the ECL color rendering solution was 
obtained from Thermo Company, USA. Abcam Corporation, USA 
provided the rabbit anti-rat KDR-CD, rabbit anti-eNOS, rabbit an-
ti-Bax, rabbit anti-Bcl-2, rabbit anti-GAPDH, and horseradish per-
oxide-labeled goat anti-rabbit IgG. Next, 4% paraformaldehyde was 
purchased from Beijing solarbio science & technology Co., Ltd. The 
TUNEL apoptosis and BCA protein concentration detection kits were 
produced by Shanghai Jingke Chemical Technology Co., Ltd. Then, 
CD31 monoclonal antibody was supplied by the American Sigma 
company.

Instruments

 BP-98A intelligent non-invasive sphygmomanometer was pro-
vided by Beijing Ruonong Biotechnology Co., Ltd. Small animal 
thermal insulation heating blanket (45 × 45 cm) was obtained from 
Andy teaching experimental instrument. The ultra-clean workbench 
was purchased from Suzhou Purification Engineering Company. The 
5417R type desktop high-speed freezing centrifuge was produced by 
Eppendorf Company in Germany. Infinite 2000 multifunctional en-
zyme marker was bought from TECAN. DYCZ-24DN vertical elec-
trophoresis tank and electric transfer instrument were provided by 
Beijing Liuyi Instrument Factory. Next, CUT6062 automatic paraffin 
slicer was supplied by German Slee Company. Gene Genius gel imag-
ing analysis system was purchased from Bio-Rad, USA, while Micto 
Vitalab semi-automatic biochemical analyzer was obtained from Rit-
tal, Netherlands.

Establishment of liver cancer tumor-bearing rat model

 The resuscitation of the H22 tumor cells was carried out prior to 
the adjustment of the cell concentration to 5 × 106/mL. Afterwards, 
the inoculation of the cells into the abdominal cavity of rats under 
sterile conditions was performed, and after 5 days of subculture, the 
tumor ascites was produced. Subsequently, the rats were sacrificed 
and disinfected via cervical dislocation. Under aseptic conditions, the 
fluids in the abdomen

 of the rat were extracted with a disposable syringe and diluted into 
1.0 × 107/mL cell suspension using normal saline. A subcutaneous in 

oculation of an aliquot (0.1 mL) of cell suspension at the right armpit 
of rats was employed for the tumor-bearing model establishment.

Grouping and administration

 The 60 male Wistar rats were divided into the blank and liver 
cancer groups according to the random table, with 30 rats in each 
group. The liver cancer group was modeled in accordance with the 
method described earlier (section of Establishment of liver cancer 
tumor-bearing rat model), while the blank group was injected with 
an equal volume of saline at the right armpit. In addition, 30 male 
homologous SHR rats (SHR group) were chosen for comparison and 
observation. Notably, no significant difference (P > 0.05) was statis-
tically observed in the body weight of the three groups. Meanwhile, 
three groups of rats were given orally at the same dose of sorafenib (2 
mg/kg, daily) [9]. After continuous administration for 1 week, the 3 
groups of the rats were given VEGF receptor antagonist (SU5416) for 
intervention experiment, which lasted for 1 week.

Blood pressure measurement

 In accordance with the DSWY-1 rat tail artery Blood Pressure 
(BP) measurement (Shanghai huayan instrument equipment Co. Ltd) 
operating instructions, the rat tail should be heated with a thermal 
insulation heating blanket to 38°C to soften the rat tail and turn red-
dish before the measurement. Afterwards, the same operator used 
a non-invasive sphygmomanometer to measure the caudal systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) of each 
group after the pulse wave pattern was stabilized for 5 s, with each 
measurement taken 5 times. The mean value was taken as the final BP 
result for the sample. In this experiment, 10 rats [10] were randomly 
selected from each group at three time points to measure the SBP. The 
three time points were before the administration of sorafenib, after the 
end of the administration (before the intervention) and after the end of 
the receptor antagonist intervention.

Determination of serum VEGF and NO levels

 The anesthetists of the rats were performed via intraperitoneal in-
jection with 2% pentobarbital sodium (30 mg / kg), and afterwards 
the whole blood was collected via abdominal aortic blood collection. 
Subsequently, serum was obtained after centrifugation at 3000 rpm/
min for 10 min at 4°C. Then, ELISA kit was employed to detect the 
serum VEGF level. On the other hand, serum NO level was detected 
with Micto Vitalab semi-automatic biochemical analyzer and nitrate 
reductase chemical colorimetric technique [11]. In this work, 10 rats 
were randomly selected from each group to detect the serum VEGF 
and NO levels at three time points stated in section of Blood pressure 
measurement.

Western blot detection of myocardial KDR-CD, endothe-
lial nitric oxide synthase (eNOS), Bax and Bcl-2 protein 
expressions

 At the end of sorafenib administration (before intervention), 10 
rats were randomly selected from each group to detect the expressions 
of KDR-CD, eNOS, Bax and Bcl-2 proteins in the myocardium. At 
the end of the receptor antagonist intervention, the same procedure 
was performed. The specific experimental operation process was 
as follows: the rat myocardial tissue was taken, and an appropriate 
amount of RIPA lysate was added. After 30 min, it was centrifuged at 
12000 rpm/min and 4°C for 10 min to collect the supernatant. Next, 
the protein concentration was detected using the BCA kit. The protein  
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sample was mixed with the loading buffer, and denatured in a 100℃ 
water bath for 5 min, before added to the prepared SDS-PAGE gel 
(5% concentrated gel, 10% separation gel) in the sample hole with 
each being 25 μL. When the gel was concentrated, the adjusted volt-
age was 60 V, while the voltage was 120 V when the gel was separat-
ed. After that, the gel was removed and transferred to the embrane at 
4 ℃ for 1.5 h. Next, the PVDF membrane was sealed with 5% skim 
milk powder for 2 h and the primary antibody was added (overnight) 
at 4℃. After washing the membrane with TBST, goat anti-rabbit IgG 
labeled with horseradish peroxide was added and incubated at 37℃ 
for 2 h. Then, adding the ECL color developing solution, the images 
were collected by the automatic gel imaging system, and the protein 
levels were analyzed with GAPDH as an internal reference.

TUNEL staining to detect myocardial cell apoptosis

 The tissues were rinsed with 4% paraformaldehyde twice and 
washed with PBS for 3 times prior to hydrolysis with protease K solu-
tion at 30℃ for 15 min. After that, it was washed 4 times with PBS 
before PBS containing 2% hydrogen peroxide was added and reacted 
for 10 min. After the reaction, PBS was used for washing before the 
addition of the TUNNEL reaction mixture and the sealing film to react 
in a dark wet box for 60 min at 37℃. After rinsing with PBS, 50 μL 
of conberter-POD and parafilm were added to react in a dark wet box 
for 1 h at 37°C. After the reaction, PBS was used to rinse, and DAB 
was added to react for 15 min at 20℃. Afterwards, staining with he-
matoxylin was performed before dehydration with gradient alcohol, 
transparent with xylene, sealing with neutral resin, and observation 
under optical microscope. Next, the apoptotic positive cells were 
brown-yellow and were counted under the optical microscope. The 
number of apoptotic positive cardiomyocytes in 5 high-power visual 
fields accounted for the total number of cells, which was the positive 
Apoptosis Index (AI). At the end of sorafenib administration (before 
intervention), 10 rats were selected at random from each group to 
detect the myocardial cell apoptosis. At the end of the process of re-
ceptor antagonist intervention, the same procedure was performed.

Immunohistochemical method to determine the changes of 
myocardial capillary density

 After the anesthesia, the rats were sacrificed quickly. The hearts 
were removed and myocardial tissue was cut out, before the Capillary 
Density (CD) was measured with CD31 immunohistochemical stain-
ing. After the myocardial tissue was fixed with 4% formaldehyde, 
conventional dehydration, and paraffin embedding, three consecutive 
slices (5 μm) were stained with CD31 immunohistochemistry. Un-
der a 40 × high-power field of vision, the abundant micro vascular 
area with myocardial stroma diameter of 5-8 μm and only one layer 
of endothelial cells was found and analyzed via computer imaging. 
The number of myocardial capillaries in 5 different visual fields was 
measured in each slice, while the mean value of CD was used. At the 
end of sorafenib administration (before intervention), 10 rats were 
selected randomly from each group to detect the changes of CD. At 
the end of the receptor antagonist intervention, the same procedure 
was performed.

Statistical analysis

 SPSS 20.0 software was applied for data processing, while Graph 
Pad 5.01 was used for graph drawing. The comparison between mul-
tiple groups was assessed through a single factor analysis, while the 
pairwise comparison was analyzed with independent sample t test. A 
P < 0.05 was considered as statistically significant.

Results
Changes of BP and serum VEGF levels in rats before and 
after sorafenib administration

 Table 1 showed the BP of each rat in before and after administra-
tion groups. It could be observed (Table 1) that the difference between 
SBP and DBP of the blank and liver cancer groups was statistically 
not significant (P > 0.05) before administration. Likewise, after the 
administration of sorafenib, the SBP and DBP of rats in the blank and 
SHR groups showed no significant (P > 0.05) changes in comparison 
with before administration cohort. Meanwhile, the SBP and DBP of 
rats in the liver cancer group were significantly (P < 0.05) higher than 
those in the before administration.

 In addition, the comparison of serum VEGF levels of each rat in 
before and after administration groups was shown in figure 1. It was 
observed that the VEGF levels of rats in the blank and liver cancer 
groups were insignificantly (P > 0.05) different from those in the be-
fore administration cohort (Figure 1). Similarly, after administration 
of sorafenib, the serum VEGF levels of rats in the blank and SHR 
groups did not substantially (P > 0.05) changed compared with the 
before administration cohort, but that of those in liver cancer group 
was significantly (P < 0.05) lowered comparable to the before admin-
istration.

Changes in BP and serum VEGF levels in rats before and 
after antagonist intervention

 The comparison of the BP of mice in before and after intervention 
cohorts was determined and the result is shown in table 2. After inter-
vention with the VEGF receptor antagonists, the SBP and DBP of rats 
in the blank group did not alter significantly (P > 0.05) comparable 
to those in the before the intervention cohort (Table 2). Meanwhile, 
the SBP and DBP of rats in the liver cancer and SHR groups were 
significantly (P < 0.05) lower than those in the before the intervention 
cohort. Furthermore, as could be seen from figure 2, after the antag-
onist intervention, the serum VEGF level of rats in the blank group 
showed no significant (P > 0.05) change compared with before the 
intervention cohort. Nonetheless, the serum VEGF levels of the rats 
in the liver cancer and the SHR groups were substantially (P < 0.05) 
higher than those in the before the intervention.

Changes in serum NO levels of rats before and after antag-
onist intervention

 Figure 3 displayed the result for the comparison of serum NO lev-
els of each rat in the before and after intervention cohorts. Before 
antagonist intervention, the serum NO level of liver cancer group was 
significantly (P < 0.05) lower than those in the blank group. However, 
after the intervention of antagonists, the serum NO level of rats in the 
blank group had not significant (P > 0.05) changed compared with 
those in the before the intervention cohort. Nevertheless, NO levels in 
the serum of rats in the liver cancer and SHR groups were significant-
ly (P < 0.05) higher than those in the before the intervention cohort.

Changes in the levels of expression of KDR-CD, eNOS, Bcl-
2 and Bax in rat myocardium before and after antagonist 
intervention

 The comparison of expression levels of KDR-CD, eNOS, Bcl-2 
and Bax in myocardium of rats before and after intervention is in-
dicated in Figure 4. It can be seen from figure 4 (D) and (E) that  
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the levels of myocardial KDR-CD, eNOS, Bcl-2 and Bax in the liver 
cancer group before intervention were significantly (P < 0.05) lower 
than those in the blank group. As shown in figure 4 (A) and (D), the 
levels of myocardial KDR-CD, eNOS, Bcl-2 and Bax in the blank 
group after intervention indicated no significant (P > 0.05) changes 
compared with those in the before intervention. As was shown in fig-
ure 4 (E) and (F) that the levels of KDR-CD, eNOS, Bcl-2 and Bax in 
the liver cancer and SHR groups after intervention were significantly 
(P < 0.05) higher than those in the before intervention.

Changes in rat cardiomyocyte apoptosis index (AI) before 
and after intervention

 Figure 5 shows the effect of antagonist intervention on cardiomyo-
cyte apoptosis in rats. The normal cardiomyocyte nucleus was blue, 
while the apoptotic positive cardiomyocyte nucleus was brown yel-
low after the TUNEL staining. It can be observed from figure 5 that 
after sorafenib administration (before intervention), the AI of liver 
cancer group was significantly (P < 0.05) higher than that of the blank  

cohort. After intervention, there was no significant change in AI of the 
blank group compared with that of the before intervention (P > 0.05). 
However, the AI in liver cancer and SHR groups were significantly (P 
< 0.05) lower than that of the before intervention cohort.

Alterations in rat capillary density before and after antag-
onist intervention

 It was demonstrated that the comparison results of myocardial 
capillary density of rats in each group before and after intervention 
(Figure 6). After sorafenib administration (before intervention), the 
myocardial capillary density (MCD) of the liver cancer group was 
significantly (P < 0.05) lower than that of the blank cohort (Figure 6). 
After the intervention, the myocardial capillary density in the blank 
group did not change substantially (P > 0.05) in comparison with be-
fore intervention cohort. However, the myocardial capillary density in 
liver cancer and SHR groups were significantly (P < 0.05) higher than 
the before intervention cohort, and the differences were statistically 
significant.

SBP (mm Hg) DBP (mm Hg)

Groups
Before After

t
P Before After

t
P

administration administration value administration administration
value

Blank 137.45 ± 10.56 135.74 ± 11.63 0.344 0.367 99.76 ± 8.33 100.86 ± 9.13 0.281 0.391

Liver cancer 138.89 ± 11.14
168.88 ± 
14.42*

5.205 0 102.84 ± 9.42 137.74 ± 11.11* 7.578 0

SHR 181.32 ± 14.51*
183.88 ± 
13.66*

0.406 0.345 142.86 ± 15.28* 146.53 ± 14.64* 0.548 0.295

*P < 0.05, Compared with blank group.

Table 1: Comparison of blood pressure of rats in each group before and after treatment (n=10)

Figure 1: Comparison of serum VEGF levels of each rat in before and after administration groups (*P < 0.05, compared with before administration)
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Discussion

 Sorafenib is a vascular-targeted drug approved by the Food and 
Drug Authority (FDA) for as therapeutic option for advanced renal 
cell and hepatocellular carcinomas that cannot be surgically removed 
in the past decade [12]. As an oral multi-target tyrosine kinase in-
hibitor, various mechanisms of action have been reported. These 
include the inhibition of tumor angiogenesis via suppression VEGF 
receptor (VEGFR), platelet-derived growth factor receptor (PDGFR), 
and blocking of the RAS/RAF/MEK/ERK signaling pathway as well 
as inhibition of the growth and proliferation of tumor cells, in or-
der to purposely control the growth and metastasis of tumor, thereby 
exerting an anti-tumor effect [13]. These signaling factors and path-
ways exist not only in tumor cells but also in the normal cells, thus 
sorafenib may also affect the function of the normal cells and produce  

some adverse reactions common to anti-angiogenic drugs. Hyperten-
sion was reported as the most common adverse reaction of sorafenib 
in clinical trials and applications. It mostly appears as mild or mod-
erate, and generally occurs 3-4 weeks after treatment, which usually 
culminate in a reduction or discontinuation of sorafenib treatment. 
Besides, sorafenib can even cause serious and irreversible adverse 
cardiovascular reactions, such as bleeding, Congestive Heart Failure 
(CHF), cerebral infarction, myocardial infarction, etc. [14,15].

 The pathogenesis of hypertension caused by sorafenib is relatively 
complex. From the perspective of molecular pathology, its occurrence 
and development were correlated with the abnormal expression of the 
genes or proteins targeted by sorafenib [16]. The VEGF pathway is 
established as the main target of vascular targeting drugs with the 
VEGF being produced by vascular smooth muscle and endothelial 
cells. As an important cytokine for vascular endothelial survival,  

SBP (mm Hg) DBP (mm Hg)

Groups
Before After

t
P Before After

t
P

intervention intervention value intervention intervention
value

Blank 135.74 ± 11.63 133.48 ± 11.48 0.437 0.333 100.86 ± 9.13 99.92 ± 10.21 0.217 0.415

Liver cancer 168.88 ± 14.42* 142.78 ± 13.69* 4.151 0 137.74 ± 11.11* 109.29 ± 10.86* 5.791 0

SHR 183.88 ± 13.66* 163.75 ± 15.33* 3.1 0.003 146.53 ± 14.64* 119.63 ± 12.95* 4.252 0.295

Table 2: Comparison of blood pressure of rats in each group before and after intervention (n=10).

Figure 2: Comparison of serum VEGF levels of each rat in before and after intervention cohorts (*P<0.05, compared with before intervention; #P<0.05, 
compared with blank group)
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VEGF can maintain the integrity of vascular endothelial function 
[17]. Some studies have found that when VEGF expression was 
suppressed, it led to excessive mitosis of endothelial cells in local 
microcirculation, which in turn caused impaired endothelial func-
tion and promoted the occurrence of hypertension [18]. Pena et al., 
[19] observed that when patients with advanced renal cell carcinoma 
were treated with sorafenib, VEGF protein was abnormally expressed 
in the body, which interfered with the vasoconstriction process via 
the inhibition of NO synthase phosphorylation and protein kinase C  

activity. Herein, it was observed that after sorafenib administration, 
the SBP and DBP of rats in the liver cancer group increased signifi-
cantly, while the serum VEGF level substantially reduced, suggesting 
that the BP abnormality induced by sorafenib may be related to the 
VEGF pathway. Therefore, it was necessary to deeply explore the 
molecular mechanism of VEGF regulation in relation to sorafenib-in-
duced hypertension.

 Existing studies have found that the pro-angiogenesis function of 
VEGF was mainly mediated by binding to VEGF receptors distrib-
uted in the vascular endothelial cell membrane [20]. Physiological-
ly, KDR-CD is a receptor containing a kinase insertion region, while 
VEGF can activate KDR-CD and promote the proliferation of vascu-
lar endothelial cells [21]. Under normal physiological conditions, NO 
in the blood vessels is mainly produced by the oxidation of L-argi-
nine catalyzed by endothelial Nitric Oxide Synthase (eNOS), which 
is the main vasorelaxing active substance, in the body and plays a 
key role in the vasodilation function [22]. Gardini et al., [23] posited 
that endothelial cell injury could reduce eNOS gene activity by 40% 
and inhibit eNOS protein expression, thereby reducing NO synthesis, 
which culminates in vasoconstriction and increment in BP. Collec-
tively, these results suggest that after sorafenib administration, the 
serum NO level of rats in the liver cancer group significantly reduced 
compared with the blank group, while the KDR-CD and eNOS pro-
tein levels also declined substantially. This implies that VEGF may 
inhibit KDR-CD expression, reduce the proliferation of endothelial 
cells and block eNOS expression, thereby inhibiting the production of 
NO and causing vasoconstriction. Thus, an experiment was designed 
on the account of the administration of sorafenib and the intervention 
with a receptor antagonist. The results showed that the levels of serum 
VEGF, NO, KDR-CD and eNOS of rats were significantly reduced 
after the intervention in the liver cancer and the SHR groups, further 
affirming that this pathway was involved in the induction of hyperten-
sion by sorafenib.

 Bax is a pro-apoptotic gene, which can induce apoptosis by bind-
ing to mitochondria, thereby damaging the integrity of mitochondrial 
membrane and promoting the release of pro-apoptotic proteins [24]. 
On the other hand, Bcl-2, as the main anti-apoptotic gene, can prevent 
Bax from binding to mitochondria and alter the permeability of mi-
tochondrial membranes, resulting in the inhibition of cell apoptosis 
[25]. In addition, other study has shown that VEGF, as an important 
factor in maintaining vascular homeostasis, played a regulatory role 
in apoptosis [26]. The expressions of pro-apoptotic protein Bax and 
anti-apoptotic protein Bcl-2 were also detected in this study. It was 
observed that after sorafenib administration, the expression levels of 
Bcl-2 and Bax of rats in the liver cancer group significantly lowered  

Figure 3: Comparison of serum NO levels of each rat in before and af-
ter intervention cohorts (*P<0.05 compared with before intervention; 
#P<0.05, compared with blank group).

Figure 4: Comparison of KDR-CD, eNOS, Bcl-2 and Bax levels of each 
rat in before and after intervention groups (A: Western blot detection 
electrophoresis of blank group; B: Western blot detection electrophoresis 
of liver cancer group; C: Western blot detection electrophoresis of SHR 
group; D, E, F: relative expression of protein in blank group; E: relative 
expression of protein in liver cancer group; F: relative expression of pro-
tein in SHR group; *P < 0.05, compared with before intervention; #P < 
0.05, compared with blank group).

Figure 5: Effect of antagonist intervention on cardiomyocyte apoptosis 
in each group (*P < 0.05, compared with before intervention; #P < 0.05, 
compared with blank group).

Figure 6: Comparison of myocardial capillary density of each rat in be-
fore and after intervention groups (*P<0.05, compared with before inter-
vention; #P<0.05, compared with blank group).
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than those in the blank group, while the AI of cardiomyocytes was 
significantly increased, suggesting that blockade of VEGF pathway 
may mediate the apoptosis of cardiomyocytes through Bcl-2 and Bax. 
Some studies have reported that sparse capillaries were closely related 
to the occurrence of hypertension in SHR rats [27]. Iliev A et al., [28] 
found that, compared with rats in the normal group, the apoptosis rate 
of endothelial cells in SHR rats was significantly increased, while the 
capillary density was significantly reduced, indicating that the sparse 
capillary caused by apoptosis might act as an important factor in the 
occurrence and development of hypertension. This study further ob-
served the MCD in rats after administration of sorafenib and found 
that the MCD of rats in the liver cancer group was significantly lower 
than those in the blank group, implying that apoptosis might cause the 
CD to decrease, thereby inducing hypertension. Based on the admin-
istration of sorafenib and the intervention with receptor antagonist, 
it was found that the levels of Bcl-2 and Bax as well as the MCD 
were significantly increased while the AI decreased substantially in 
the liver cancer and SHR groups after the intervention, which further 
verified that the thinning of the capillary caused by apoptosis may be 
the underlying mechanism for sorafenib-induced hypertension.

 In summary, sorafenib could induce hypertension during the treat-
ment of liver cancer with possible underlying mechanisms including 
inhibition of the VEGF signaling pathway, and reduction of the prolif-
eration of endothelial cells, which concomitantly lead to suppression 
of NO synthesis and occurrence of vasoconstriction. These events si-
multaneously promote cardiomyocyte apoptosis and cause a decrease 
in CD, thereby inducing the occurrence of hypertension.
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