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Abstract: This study is to investigate the potential role of asiaticoside (AS) in AB, , -induced apoptosis on the human
umbilical vein endothelial cell (HUVEC). HUVEC cells were divided into AB, ,, group (treated with 50 uM AB, ,.), AS
groups (treated with 50 pM AB, ,, and 10 mM, 1 mM, 0.1 mM or 0.01 mM AS), and negative control group (without
treatments). Cell proliferation was detected by CCK-8 assay. Apoptosis was analyzed by Hochest33342 staining
and flow cytometry. Western Blot was carried out to detect the expression of Bcl-2 and Bax protein. AB, ,, treatment
inhibited cell proliferation and increased cell apoptosis of HUVEC cells. Interestingly, AS at concentrations of 10 mM,
1 mM, 0.1 mM and 0.01 mM reversed the effects of AB, ,, by increasing cell survival rate and reducing apoptosis of
HUVEC cells. Furthermore, the expression of Bcl-2 protein was increased whereas the expression of Bax protein was
decreased in AS groups. Compared with AB, ,, group, the ratio of Bcl-2/Bax was significantly increased in AS groups
(P < 0.05). These results suggested that AS may be effective in protecting cells from damage caused by aggregated

AB, ,,- And this effect may be attributed to the increase of Bcl-2 and decrease of Bax under AS treatment.
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Introduction

The B-amyloid protein (AB) is composed of
39-43 amino acids. The abnormal deposition
of the aggregated AB, ,, can cause apoptosis of
neural cells and the injury of cerebral vascular
endothelial cells, which may be one of the
mechanisms underlying the pathogenesis of
Alzheimer’s disease (AD) [1]. It is known that AD
is a vasocognopathy [2].

However, it is unclear about how AB can induce
the damage of endothelial cells. The apoptosis
and dysfunction of endothelial cells and the
infammation reaction induced by AB may be
associated with the AD [3]. AB can induce the
expression changes in Bcl-2 family, the apopto-
sis associated proteins, in vascular endothelial
cells [4]. And the aggregation and deposition of
AB can activate microglia cell to produce the
tumor necrosis factor, interleukin-1 (IL-1), inter-
leukin-6 (IL-6) and other cytokines [5, 6].

Asiaticoside (AS) is a triterpenoid saponins
extracted from Centella asiatica with character-
istics of sweet, acrid, and cool [7]. AS is widely

used clinically for its pharmacological proper-
ties, such as anti-depression, anti-inflammato-
ry, anti-oxidation, and anti-tumor properties [8,
9]. In recent years, it is reported that Centella
asiatica can protect nerve cells, inhibit the
apoptosis of neural cells, decrease pain and
improve memory in rat model with AD [10, 11].
It can significantly repress the expression of
IL-6 and cyclooxygenase-2 (COX-2) in acute lung
injury induced by lipopolysaccharide (LPS) [12,
13]. However, it is still unclear about how AB, .
participates in the apoptosis of endothelial
cells.

This study mainly focused on investigating the
effects of AS on AB, ,, induced apoptosis and
Bcl-2/Bax expression. The findings may provide
scientific evidences for treating AD with AS.

Materials and methods
Regents

Human umbilical vein endothelial cells (HUVEC)
were purchased from Shanghai Baili Company
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(Shanghai, China). AS was extracted by
Purification engineering technology research
center of Sichuan Province Natural Medicine
(Chengdu, China) with purity more than 99%
(Lot number: 20130107). The rabbit anti
human IgGs of Bcl-2, Bax, and B-actin were pur-
chased from Cell Signaling Technology
Company (Danvers, MA, USA). Horseradish
peroxidase (HRP) labeled goat anti-rabbit
IgG, Hoechst3334, prodium iodide (Pl) and
CCK-8 assay kit were obtained from Beyotime
Institute of Biotechnology (Haimen, Jiangsu,
China). AB,,, was from Beijing Biosynthesis
Biotechnology CO., LTD. (Beijing, China) and
Annexin V-FITC kit was from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).

Cell culture and treatments

HUVEC were cultured in RPMI 1640 contained
10% fetal bovine serum (FBS), 0.5% penicillin
and streptomycin, at 37°C, 5% CO,. According
to different treatments, cells were divided into
AB,,, group, AS groups, and negative control
group. For AB, . group, cells were treated with
50 uM AB, ,, for 24 h. For AS groups, cells were
treated with 50 uM AB, . and different concen-
trations of AS (10 mM, 1 mM, 0.1 mM and 0.01
mM AS) for 24 h. For the negative control group,
HUVEC were not treated with AR, ,. or AS.
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CCK-8 assay

HUVEC at the logarithm growth phase were
seeded in 96-well plate (1 x 105/L cells/well).
After culturing for 24 h, HUVEC were treated
with AB, . or AS and were divided into negative
control group, AB, ,, group and AS groups, as
above described. Three duplicate wells were
set for each group. After culturing for 24 h, 10
ul of CCK-8 reagent was added and incubated
at 37°C for 1 h. The optical density (OD) was
read at 450 nm using a Model 550 microplate
reader (BioRad, Hercules, CA, USA).

Hochest33342/PI staining

Cells from negative control group, AB, ,, group
and AS groups were re-suspended in 1 ml
medium. Then 10 pl of Hochest33342 (100
mg/L) were added. After incubation for 15 min,
cells were centrifuged and re-suspended in 1
ml PBS. Finally, 5 ul of PI (1 g/L) was added and
incubated for 30 min. The apoptosis of cells
was observed by a fluorescence microscope
(CKX44, Olympus, Tokyo, Japan).
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Annexin V-FITC staining and flow cytometry
analysis

Annexin V-FITC staining was performed accord-
ing to the instructions provided by the Kkit.
Briefly, cells from negative control group, AB, ,,
group and AS groups were mixed with 5 pl
Annexin-FITC and 5 pl Pl and were incubated in
the dark at room temperature for 15 min. The
cell apoptosis was detected within 1 h by flow
cytometry (SBK-YLQX-003552; BD Biosciences,
San Jose, CA, USA).

Western blot

Total proteins were extracted and separated by
SDS-PAGE. Then proteins were transferred onto
PVDF membrane. After blocking with non-fat
milk, the membrane was incubated with prima-
ry antibodies against Bcl-2, Bax, and B-actin
overnight. After washing with TBST for 3 times,
the appropriate HRP conjugated secondary
antibodies were added and incubated at room
temperature for 1 h. Finally, the membrane was
developed by enhanced chemiluminescence
plus reagent. The developed film was scanned
using the Alphalmager gel imaging systems
(Alphalmager, Santa Clara, California, USA).
And the Western blot images were analyzed
using Image Pro-Plus software (Media
Cybernetics, Inc., Rockville, MD, USA). The
B-actin was used as an internal control.

Statistical analysis

Experimental data were expressed as mean +
standard deviation (SD) and analyzed by SPSS
16 statistical software (SPSS Inc., Chicago, IL,
USA). All data were analyzed by one-way ANOVA,
and SNK method was used to do comparison
among groups. P < 0.05 was regarded as sta-
tistical significance.

Results

AS treatment reverses the inhibitory effect of
AB, ,, on proliferation of HUVEC

To investigate the impact of AS on proliferation
of HUVEC, CCK-8 assay was performed. As
shown in Figure 1, the proliferation of HUVEC
was decreased significantly in AB, ,, group com-
pared to negative control group (P < 0.05),
which indicated that 50 pM AB, ,, could
decrease the proliferation of HUVEC. Compared
with AB, ,, group, cell proliferation ability of
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cells gradually decreased in
AS groups. The apoptosis
rate of AS groups at concen-
tration of 10 mM, 1 mM, 0.1
mM and 0.01 mM was 1.89
+0.19, 3.43 + 0.25, 5.63 +
0.21 and 12.18 + 0.88.
Compared with AB, ,, group,
the apoptosis rates of AS

Negatlve 10 mM 0.1 mM oo1mm ABrss groups (10 mM, 1 mM, 0.1
control AS groups group mM and 0.01 lel) were all
group significantly lower (P < 0.05).

Figure 1. Analysis of proliferation of HUVEC cells. According to different treat
ments, cells were divided into AB, ,, group (treated with 50 uM AB
groups (treated with 50 yM AB. ., and 10 mM, 1 mM, 0.1 mM or 0.01 mM
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AS), and negative control group (without treatments). Cell proliferation was
detected with CCK-8 assay. OD value was measured at 450 nm. Compared
with negative control group, "P < 0.05. Compared with AB, ,, group, *P < 0.05.

cells in AS groups was significantly increased (P
< 0.05), suggesting that 10 mM, 1 mM, 0.1
mM, and even 0.01 mM of AS can recover the
impact of AB, . on the proliferation. This result
indicates that AS could reverse the effect of
AB, ,, on HUVEC proliferation.

AS treatment alleviates the apoptosis of
HUVEC induced by AB
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To further examine the impact of AS on cell
apoptosis, we first used Hochest33342 stain-
ing to detect cell apoptosis. As shown in Figure
2A, no apoptotic and dead cells were found in
the negative control group. In AB, ,, group, sev-
eral cells were stained red with the bright blue
nuclei, which mean that these cells were apop-
totic cells. This result indicates that AB, ,, can
cause apoptosis of HUVEC cells. After treating
with 10 mM, 1 mM, 0.1 mM, and 0.01 mM of
AS, the numbers of apoptotic cells were
decreased. This data showed that the effect of
AB, ,, on apoptosis of HUVEC cells was reduced
by AS treatment.

To further verify the effect of AS on AB, ,,
induced apoptosis, Annexin V-FITC staining and
flow cytometry analysis was then used to mea-
sure the apoptosis of HUVEC. Quantitative flow
cytometry results were shown in Figure 2B. The
apoptosis rate of negative control group was
0.82 + 0.05 while in AB, ,, group was 28.69 *
5.92. Statistically, there was significant differ-
ence between negative control group and AR, ,,
group (P < 0.05). However, with the increase of
AS concentration, the apoptosis rate of HUVEC
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Collectively, these results
1az) indicate that AB,,, could
induce apoptosis of HUVEC
cells and that this effect is

alleviated by AS treatment.

AS treatment increases Bcl-
2/Bax ratio in HUVEC treated by AB, ,,
The ratio of Bcl-2 and Bax plays important roles
in regulating the apoptosis of cells. In order to
reveal the molecular mechanism of AS in the
protection of HUVEC apoptosis induced by AB,
4 We detected the expression of Bcl-2 and Bax
protein in negative control group, AB, ,, group
and AS groups by Western Blot. As shown in
Figure 3A, the expression level of Bax protein in
negative control group was less than that in
AB, ,, group, while the expression level of Bcl-2
protein in the negative control group was more
than in AB_ ,, group. As shown in Figure 3B, the
ratio of Bcl-2/Bax was significantly higher in the
negative control group than that AB, ,, group (P
< 0.05). Compared with AB,,, group, in AS
group, the expression of Bax protein was
decreased whereas the expression of Bcl-2 pro-
tein was increased at 10 mM, 1 mM, and 0.1
mM of AS (Figure 3A). The ratio of Bcl-2/Bax
increased with the concentration of AS.
Statistically, the concentration of 10 mM, 1
mM, and 0.1 mM significantly increased of the
ratio of Bcl-2/Bax compared with AB, . group
(P < 0.05) (Figure 3B). Thus, Bcl-2/Bax ratio is
decreased by ApB whereas this decrease
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could be reversed by AS treatment.

Discussion

AD is one of the most common diseases in
senile dementia, and the roles of vascular fac-
tors in the initiation and progression of AD have
raised much attention. The vascular abnormali-
ties in AD included irregular angiogenesis,
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Figure 2. Analysis of apoptosis of HUVEC cells. According to different treatments, cells were divided into AB, ,, group
(treated with 50 uM AB, ,.), AS groups (treated with 50 pM AB, ,, and 10 mM, 1 mM, 0.1 mM or 0.01 mM AS), and
negative control group (without treatments). A. Cell apoptosis was detected with Hochest33342 staining. White ar-
rows indicate apoptotic cells. B. Cell apoptosis was detected by Annexin V-FITC staining and flow cytometry analysis.
Quantitative results were shown. Compared with negative control group, "P < 0.05. Compared with AB, ,, group, #P

< 0.05.
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Figure 3. Analysis of Bcl-2 and Bax expression in HUVEC cells. According
to different treatments, cells were divided into AB, ,, group (treated with
50 uM AB, ,.), AS groups (treated with 50 uM AB, ,, and 10 mM, 1 mM,
0.1 mM or 0.01 mM AS), and negative control group (without treatments).
A. Bcl-2 and Bax expression was measured with Western Blot. Represen-
tative results were shown. B. The ratio of Bcl-2 to Bax. Compared with
negative control group, "P < 0.05. Compared with AB, ,, group, *P < 0.05.
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microvessel density decrease,
atrophy of small arteries and
capillaries, degeneration of vas-
cular endothelial function, and
changes in brain vascular struc-
tures [14]. The mechanism
underlying AB-induced endotheli-
al injury is not completely clear.
Currently, it is considered that
the mechanism underlying Ap-
induced endothelial injury is
mainly associated with apopto-
sis, inflammation and endothelial
dysfunction [15-17].

This study used the HUVEC as an
experimental model as this cell
line was more stable and easy to
operate. CCK-8 assay indicated
that different concentration (10
mM, 1 mM, 0.1 mM and 0.01
mM) of AS significantly increased
the survival rate of HUEVC, which
reversed the inhibitory effect of
AB on cell proliferation of HUEVC.
The recovery was concentration
dependent. Through Hochest-
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33342 staining, the number of apoptosis and
death cells decreased significantly in AS groups
compared with AB, ,, group. The number of
apoptosis and death cells also decreased sig-
nificantly with the increase of AS concentration.
This result was further verified by flow cytome-
try analysis.

The Bcl-2 family plays key roles in regulating
apoptosis of cells. Bcl-2 can inhibit the apopto-
sis and promote the survival of cells [18]. Bax
can counterwork the roles of Bcl-2 and promote
the apoptosis of cells [19]. The ratio of Bcl-2/
Bax determines the apoptosis status of cells
[20].

The over-expression of Bax will promote apop-
tosis while the over-expression of Bcl-2 will pro-
mote cell survival [21]. So the apoptosis of
HUVEC can be reflected by the ratio of Bcl-2/
Bax. Western blot analysis showed that Bax
protein expression level decreased and Bcl-2
protein expression level increased after AS
treatment in HUVEC cells. And the ratio of
Bcl-2/Bax increased significantly. The decrease
of Bax and the increase of Bcl-2 was correlated
with the concentration of AS. At 0.01 mM con-
centration, there was no significant difference
in the ratio of Bcl-2/Bax between AB, ,, group
and AS group, which may indicate that small
dose could not completely recover the apopto-
sis induced by AB

1-42°

In conclusion, AS could protect HUVEC from the
injury induced by AB_,.. And, this effect was
acted through promoting cell proliferation,
inhibiting apoptosis, and increasing Bcl-2/Bax
ratio.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Xian Jiang, Depart-
ment of Anesthesiology, The Affiliated Hospital of
Luzhou Medical College, 319 Zhongshan Road,
Luzhou 646000, Sichuan, China. Tel: +86-
13982758183; E-mail: jx3030@126.com

References

[1] Karch CM, lJeng AT, Nowotny P, Cady J,
Cruchaga C and Goate AM. Expression of novel
Alzheimer’s disease risk genes in control and
Alzheimer’s disease brains. PLoS One 2012; 7:
e50976.

15832

(7]

(10]

(11]

[12]

(13]

(14]

de la Torre JC. Alzheimer’s disease is a vaso-
cognopathy: a new term to describe its nature.
Neurol Res 2004; 26: 517-24.

Yu H, Yang M, Wang Y, Xiao R and Zhou XF.
p75NTR is mainly responsible for Abeta toxicity
but not for its internalization: a primary study.
Neurol Sci 2012; 33: 1043-50.

Zhang R, Xu J, Liu YY, Zuo PP, Yang N, Ji C,
Wang Y, Wang H, Wu AS and Yue Y. Propofol
may protect PC12 cells from beta-amyloid (2)
(5) (-) (3) () induced apoptosis through the
GSK-3beta signaling pathway. Chin Med J
(Engl) 2013; 126: 1884-9.

Yang YM, Shang DS, Zhao WD, Fang WG and
Chen YH. Microglial TNF-alpha-dependent ele-
vation of MHC class | expression on brain en-
dothelium induced by amyloid-beta promotes T
cell transendothelial migration. Neurochem
Res 2013; 38: 2295-304.

Frozza RL, Bernardi A, Hoppe JB, Meneghetti
AB, Battastini AM, Pohimann AR, Guterres SS
and Salbego C. Lipid-core nanocapsules im-
prove the effects of resveratrol against Abeta-
induced neuroinflammation. J Biomed Nano-
technol 2013; 9: 2086-104.

Liu ZF, Zhao HN and Nie SL. Progress and
pharmacological effect of asiaticoside. Guang-
dong Medical Journal (In Chinese) 2009; 30:
2086-104.

Sampath U and Janardhanam VA. Asiaticoside,
a trisaccaride triterpene induces biochemical
and molecular variations in brain of mice with
parkinsonism. Transl Neurodegener 2013; 2:
23.

Bai JR. Mechanism of neuron degeneration in-
vervented by madecassoside. Chinese Journal
of Gerontology (In Chinese) 2008; 23: 2297-
300.

Xu CL, Wang QZ, Sun LM, Li XM, Deng JM, Li LF,
Zhang J, Xu R and Ma SP. Asiaticoside: attenu-
ation of neurotoxicity induced by MPTP in a rat
model of Parkinsonism via maintaining redox
balance and up-regulating the ratio of Bcl-2/
Bax. Pharmacol Biochem Behav 2012; 100:
413-8.

Mook-Jung |, Shin JE, Yun SH, Huh K, Koh JY,
Park HK, Jew SS and Jung MW. Protective ef-
fects of asiaticoside derivatives against beta-
amyloid neurotoxicity. J Neurosci Res 1999;
58: 417-25.

Zhang Z. Asiaticoside improves the memory of
rats with Alzheimer’'s disease. Journal Of
Luzhou Medical Colledge (In Chinese) 2012;
35: 564-7.

Zhang Z. The apoptosis of PCI2 cell lines in-
duced by Asiaticoside. Chinese Journal of New
Drug (In Chinese) 2012; 21: 206-10.

Gadahad MR, Rao M and Rao G. Enhancement
of hippocampal CA3 neuronal dendritic arbori-

Int J Clin Exp Med 2015;8(9):15828-15833



[15]

[16]

[17]

Asiaticoside and HUVEC apoptosis

zation by Centella asiatica (Linn) fresh leaf ex-
tract treatment in adult rats. J Chin Med Assoc
2008; 71: 6-13.

Obulesu M and Lakshmi MJ. Apoptosis in
Alzheimer’s disease: an understanding of the
physiology, pathology and therapeutic ave-
nues. Neurochem Res 2014; 39: 2301-12.
Malm T, Mariani M, Donovan LJ, Neilson L and
Landreth GE. Activation of the nuclear receptor
PPARdelta is neuroprotective in a transgenic
mouse model of Alzheimer’s disease through
inhibition of inflammation. J Neuroinflam-
mation 2015; 12: 7.

Truran S, Franco DA, Roher AE, Beach TG,
Burciu C, Serrano G, Maarouf CL, Schwab S,
Anderson J, Georges J, Reaven P and Migrino
RQ. Adipose and leptomeningeal arteriole en-
dothelial dysfunction induced by beta-amyloid
peptide: a practical human model to study
Alzheimer’s disease vasculopathy. J Neurosci
Methods 2014; 235: 123-9.

15833

(18]

(19]

[20]

(21]

Guo T, Fang M, Zhang D and Li X. Combination
treatment with asiaticoside and rapamycin: A
new hope for in-stent restenosis. Exp Ther Med
2013; 6: 557-561.

Kumasaka DK, Galvan V, Head E and Rohn TT.
Caspase cleavage of the amyloid precursor
protein is prevented after overexpression of
bcl-2 in a triple transgenic mouse model of
Alzheimer’s disease. Int J Physiol Pathophysiol
Pharmacol 2009; 1: 48-56.

Rohn TT, Vyas V, Hernandez-Estrada T, Nichol
KE, Christie LA and Head E. Lack of pathology
in a triple transgenic mouse model of
Alzheimer’s disease after overexpression of
the anti-apoptotic protein Bcl-2. J Neurosci
2008; 28: 3051-9.

Marco S and Skaper SD. Amyloid beta-pep-
tide1-42 alters tight junction protein distribu-
tion and expression in brain microvessel endo-
thelial cells. Neurosci Lett 2006; 401: 219-24.

Int J Clin Exp Med 2015;8(9):15828-15833



