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Abstract

ACKGROUND: NSAIDs can cause gastric ulcer
B or may delay the healing of it. Upon exposure
to indomethacin, gastric ulcer can occur due to
oxidants. Mangosteen rind contains xanthone, which is
a natural antioxidant. Administration of this antioxidant
may increase angiogenesis that can accelerate healing of

gastric ulcer.

METHODS: This study used an experimental method
with randomized post test control only design using Wistar
rats. The rats were put on fasting for 24 hours, then a
single dose of 30mg/kg body weight (BW) Indomethacine
was given. The rats were divided into control group and
treatment group. The treatment group was further divided
into two subgroups: one group was given adaily 200 mg/kg
BW mangosteen pericap extract, and the other group was
given 35 mg/kg BW Xanthone. Both the control group and
treatment group were decapitated on the 3rd day, 6th day,
and 12th day, respectively. After decapitation, the stomach
ofeach rat was taken and divided into two portions, one
portion was used for NO examination by ELISA, and
the other portion for hispathological examination and
imunohystochemical analysis for assessing CD 31 and
VEGEF expressions.

RESULTS: Administration of mangoosteen pericap and
xanthone could accelerate healing of gastric ulcers as
compared with the control, as shown by the decrease in
the severity level of the ulcers. Mangoosteen pericap and
xanthone could also increase NO, VEGF expression, and
CD-31 as compared with the control, especially on the
3rd day of treatment. Explanation of this finding might
be that the antioxidants contained in the mangoosteen
pericap or in xanthone could bind with radical superoxide
and accelerate release of free NO. The increase of NO
caused increase of VEGF and CD-31 that could accelerate
angiogenesis, which eventually could accelerate healing
of the gastric ulcers.

CONCLUSIONS: The effect of mangosteen pericap’s
extract and xanthone can improve healing of gastric
ulcers by increasing nitric oxide and also can increase
angiogenesis as shown by the increase of VEGF and CD-
31 expressions.
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Introduction

Methods

However, the long use of NSAIDs can develop gastric
ulcers and may delay gastric ulcer healing (1). NSAIDs
may delay healing of gastric ulcers possibly by inhibiting
angiogenesis, which is one of the causes for the delay of
healing (2). NSAIDs inhibit angiogenesis through direct
effects on endothelial cells (3).

Inhibition of angiogenesis may prolong the healing
time of gastric ulcers. It was reported that administration
of alendronate and indomethacine might decrease the
expression of both VEGF and bFGF proteins on the ulcer
mucosa resulting in decreased angiogenesis process on
the ulcer base, and consequently prolong the healing time
of ulcers in rats induced by acetic acid (4).

Angiogenesis signaling until the occurrence of
angiogenesis involves complex pathways including the
formation of a growth factor (VEGF), binding of VEGFR
on the plasma membrane which then activates intra-
cellular signaling pathways of MEK, thus activating ERK
to form additional endothelial cells (5). There are some
factors that are connected with the increase of VEGF, one
of which is NO production. Chin and colleagues showed
that NO donor increased stability of mRNA VEGF. The
increase of VEGF synthesis by cancer cells from NO was
also proven by Ambs and colleagues (16).

Water and ethanol (50%) in mangosteen pericap
extracts were shown to have high antioxidant activity.
A study by Fan & Su in 1997 reported that alpha-and
gamma-mangosteen demonstrated antioxidant activity
(6). The study by Chin et al. revealed the hydroxyl
radical scavenging activity of some xanthones isolated
from mangosteen powder (7). Regarding peroxynitrite
as the reaction product of superoxide radical with nitric
oxide, Jung et al. (6) have shown that 13 xanthones have
peroxynitrite scavenging capabilities as a reaction product
of superoxide radical with nitric oxide.

The purpose of this study was to assess the effect of
mangosteen pericap extract and xanthone in improving
healing of gastric ulcers by increasing nitric oxide and
increasing expression of VEGF and CD-31.
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STUDY DESIGN
This study used experimental design with randomized
control test post only, using Wistar rats.

STUDY SUBJECTS

Subjects were male Wistar rats of Sprague Dawley strain
obtained from Gadjah Mada University Yogyakarta, aged
12 weeks, weighing 150-180 g, in healthy condition.

STUDY MATERIALS
Material for ulcer induction
Tablets of indomethacin 30 mg/kg BW were crushed
with water plus NaOH. The use of NaOH was to make
the tablets in pieces in order to go down easily. It is
administered orally using a feeding tube into the rats'
stomachs, administered as a single dose.

Mangosteen pericap extract material

Material of mangosteen pericap that was suitable for
consumption was derived from South Kalimantan.
The mangosteen pericap was separated from its flesh
material and impurities were purged completely; the
extraction method was done according to Harbone

).

Xanthone material

Xanthone was in the form of Xanthone 25 g of nacalai
tesque with ZOE3701 batch number and 36516-92
code.

Materials to make paraffin blocks

of the gastric tissues

The materials required included buffered formalin,
alcohol 80%, 90%, absolute alcohol, xylene, paraffin,
tape blocks, glass objects, micro pipettes and pipette,
ethylene, and glass decks.
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STUDY PROCEDURES

Rats aged 12 weeks (150-180 g) were fed with normal
diet and allowed to drink ad libitum. The rats were kept at
room temperature of 25 + 2°C, 65-70% humidity, in day
and night cycle (12 h/12h). Ulcers in the rats’ stomachs
were induced by putting them in fasting for 24 hours and
by giving them a dose of 30 mg/kg BW of indomethacin
using a gastric probe. The extract-treated pericap group
was administered with a single dose of 200 mg/kg per day
for 7 days. The xanthone group was administered with
a single dose of 35 mg/kg BW per day for 7 days. The
first doses of mangosteen pericap extract and xanthone
were administered 4 hours after the administration of
indomethacin.

The rats were divided into 3 major groups, namely
the groups of healing on day 3, healing on day 6, and
healing on day 12, respectively. Each of these major
groups was divided into 3 subgroups: control healing
group, the mangosteen pericap extract-treated healing,
and the xanthone healing.

METHOD OF NO DETERMINATION

In this study, gastric tissue was divided into 2 parts,
one part was crushed for checking of NO level by
ELISA method, and the other part was for checking by
hispathological examination and imunohystochemical
analysis. NO level was assessed by spectrophotometry
with a frequency of 540 nm.

METHOD OF MICROSCOPIC EXAMINATION
Gastric tissues were fixed in buffered formalin solution
for histopathological preparations stained with routine
HE. The slides were examined under a microscope with
a magnification of 40, 100 and 400xs, respectively. They
were observed in 10 fields, then averaged.

Assessment of the severities of the gastric histo-
pathology:

- Severity level 0: there were no surface cell
degeneration, necrosis or hyperemia or gland
degeneration; nor mild inflammatory cell infiltration
(less than 20 cells/field of view).
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- Severity level 1: there were no surface cell
degeneration, necrosis, or gland degeneration; mild
hyperemia, mild inflammatory cell infiltration (less
than 20 cells/field of view) to moderate (20-50

inflammatory cells/field of view).

- Severity level 2: there was mild degeneration of
the surface cells; no necrosis, mild to moderate
hemorrhage, no gland degeneration, moderate
inflammatory cell infiltration (20-50 inflammatory
cells/field of view) to severe inflammation (more
than 50 inflammatory cells/field of view).

- Severity level 3: there were moderate to severe
surface cell degeneration, necrosis, moderate to
severe hyperemia, gland degeneration, and severe
inflammatory cell infiltration (more than 50
inflammatory cells/field of view).

METHOD OF VEGF AND CD-31 EXAMINATIONS
VEGF and CD-31 were examined by imunohispatho-
chemical method. The scoring for VEGF expression are
below :
0: negative: if the vascular endothelial cells did not
express brown color in their cell cytoplasm.

1. slightly positive ,when the vascular endothelial cells
expressed a slight brown color in the cytoplasm

2: moderately positive, if the vascular endothelial cells
expressed a brown color on some cell cytoplasm.

3. strongly positive, if the vascular endothelial cells
expressed a dark brown color on some endothelial
cell cytoplasm.

For assessing CD-31 expression, observation was
made on 10 fields of view, after which the number of cells
per field of view was averaged. All data obtained were
averaged and compared between rind extract-treated
group, xanthone group and the control group in every

group.
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Results

MICROSCOPIC OBSERVATION on the 12" day (sig < a 0.002 < 0.05), with the highest
There were significant differences in healing on the 3" day ulcer severity level is for ulcer, and the lowest was seen in
(sig < a0.010 < 0.05), 6" day (sig < « 0.003 < 0.05), and mangoosteen pericap extract.
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Figure 1. Microscopic observation score in healing gastric ulcer.
Designation of inflammation cells and degeneration xanthone, they became reduced as compared with the

of epithelial surface and necrosis seemed to decrease day control.
by day and with the allocation of mangosteen pericap and

Ulcer Control EKM Xanthone
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Figure 2. The effects of mangosteen pericap extract and Xanthone on
ulcers' healing microscopically.
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NO LEVEL

There was increase of NO level with significant differences showed the highest NO level. On the other hand, there
on the 3" day (sig< a 0.001<0.05) and on the 6" day (sig< was no significant difference seen on the 12 day (sig> a
a 0.057<0.05), whereas allocation of mangosteen pericap 0.0101>0.05).
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Figure 3. NO level on healing day 3, 6 and 12.
VEGF EXPRESSION histochemical analysis for VEGF expression, the results
The microscopic slides were stained for imuno- of which are shown in Figure 4a and 4b.
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Figure 4a. VEGF expression

195



The Indonesian Biomedical Journal, Vol.3, No.3, December 2011, p.191-9

There was an increase of VEGF on the 3% day by
the allocation of mangosteen pericap with a significant
difference (sig< o 0.005<0.05), and on the 6™ day and the
12" day, no significant differences were found.

The strongest VEGF expression was seen when it
was allocated with mangosteen pericap on the 3" day

Print ISSN: 2085-3297, Online ISSN: 2355-9179

on the ulcers. Moreover, medium VEGF expression was
noted when it was allocated with xanthone on the 3 and
6th days, with mangosteen pericap on the 6th day, and
control on the 3 and 6™ day. The least VEGF expression
developed on the 12" day of each of the three groups.

EKM 400x

Figure 4b. The effects of mangosteen pericap extract and Xanthone on
VEGF expressions on the 3 (A), 6% (B), and 12% (C) day of healing.

CD-31 EXPRESSION

There was increased number of cells that expressed CD-31
in the mangosteen pericap (EKM) group with a significant
difference (sig< a 0.000< 0.05) on the 3 day. On the 6"
day, increased number of cells that expressed CD-31 was
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control 3" day of healing
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seen in the xanthone group with significant difference
(sig< a 0.000< 0.05). Similarly, on the 12" day with a
significant difference (sig< o 0.000< 0.05), whereas the
EKM group had the greatest average in the number of
cells that expressed CD-31 (fig 5).

6" day of healing
Figure 5a. CD-31 expression.

12" day of healing
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Figure 5b. The effects of mangosteen pericap extract and Xanthone on CD-
th

31 expressions on the 3@ (A),

Discussion

This study found significant reduction in the severity of
ulcers in the mangosteen pericap extract-treated group and
xanthone group compared with the control in all phases
of healing, as shown in Figure 1. This may be due to the
effect of antioxidants contained in the mangosteen pericap
extract and xanthone. Mangosteen pericap extract used
here contained flavonoids, alkaloids, saponin, and tannins
which are natural antioxidants. It can be concluded that
the effect of administration of mangosteen pericap extract
was better than that of xanthone, in regard with increasing
healing of gastric ulcers.

Nitric oxide (NO)

In this study, the levels of NO in the pericap extract-
treated group were higher than those in the control group.
This might be due to the fact that pericap extract had the
features as an antioxidant that can capture the oxidants
generated in the ulcers, especially in the inflammatory
phase. Since reactive oxygen is bound to antioxidants
from the mangosteen pericap extracts, the unbound NO
will become more abundant. At this study, NO level that
was allocated with EKM increased as compared with the
control. This finding might be due to the flavonoid in EKM,
which is also an antioxidant which can take oxidant radical
superoxyde in the ulcer. It makes the radical superoxyde
set free from NO, so to develop peroxynitrite. The free
NO increased at the allocation of EKM as compared with
the control.

(B), and 127 (C) day of healing.

Neungton et al. have found that mangosteen pericap
extract can protect SK-N-SH cells against the beta-
amyloid that induces the formation of reactive oxygen
compounds (ROS) (8). Furthermore, Moongkarndi et al.
have demonstrated the potential of mangosteen extracts
to reduce production of intracellular reactive oxygen
compounds with 2.7-dichlorofluorescein diacetate (DCFH
-DA) parameter on SKBR3 cell line. (9)

Furthermore, in the xanthone group, NO level on day
3 was not different from that in the control, probably due
to the fact that antioxidant effect of xanthone was less
strong than the effect of the pericap extract. Chin et al.
(5) revealed that oxidant scavenging activities of some
xanthones isolated from the mangosteen powder were
different. Only alpha-mangosteen from 16 xanthones
tested showed scavenging activity against hydroxyl radical
(IC,,=0.2 pg/mL).

However, after 6 days of usage, NO level was higher
compared with normal control, and increased higher after
the 12" day, although the xanthone administration was
stopped after the 7" day. This might be due to the fact that
xanthone has an effect after its administration for a longer
time and that it might contain elements that can stimulate
cells to produce NO.

NO level in the pericap extract-treated group observed
ondays 6 and 12 showed a strong tendency to decline. This
might be related to the phase of healing where oxidants
would be generated in larger quantities when the ulcers
had occurred as well as at the inflammatory phase, so the
increase in NO due to the addition of antioxidants gave
stronger impacts on the inflammatory phase, as shown on
day 3.
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VEGF

Vascular endothelial growth factor (VEGF) is a 34-42 kDa
homodimeric protein as a potent and fundamentalregulator
of normal and abnormal angiogenesis (10). VEGF is also
known as vascular permeability factor (11).

In this study, VEGF expression appeared to increase
in the ulcers. This might be due to hypoxia that developed
in the presence of ulcers. Hypoxia is the main controller of
angiogenesis through the induction of hypoxia inducible
factor (HIF). Hypoxic condition induces increased
expression of HIF-1 a (a subunit of HIF-1), which
regulates VEGF at the transcriptional period and post
transcriptional time (11).

On day 3, the expression of VEGF increased
significantly in the group administered with mangosteen
pericap extracts as compared with the control. Similarly,
in the group administered with xanthone, there was
increased expression of VEGF as compared with the
control. However, VEGF expression in the xanthone group
was lower than that in the pericap extract-treated group.

On day 6, the expression of VEGF in the pericap
extract-treated group decreased, and reduced further on
day 12, but it was still greater as compared wuth the control
group. This suggests that the effect of the mangosteen
pericap extract, which enhanced the expression of VEGE,
could be apparently observed on day 3. The angiogenic
process itself actually began at the proliferative phase
with increased VEGF expression on days 4 to 7 (12). But
in this study, VEGF expression increased on day 3 in the
pericap extract-treated group and in the xanthone group. It
can be concluded that EKM and xanthone can accelerate
angiogenesis.

CD-31
CD-31 is adhesion molecule of endothelial cells, which
plays a role in adhesion among endothelial cells in
forming the tubular blood vessels resulting in angiogenesis
(13). Angiogenesis itself at the healing stage occurs in
the proliferative phase, which is on day 4 to 7 (12). In
this study, the expression of CD-31 in the control group
was found to increase in the healing process on day 6 as
compared with day 3.

In this study, CD 31 appeared to increase on day
3 in| the pericap extract-treated group, suggesting that
administration of mangosteen pericap extract could
accelerate the timing of angiogenesis as evidenced with
CD 31. Administration of xanthone showed an extended
expression of CD 31 on day 6, in contrast to mangosteen
pericap extract. However, the expression of CD 31 in the
xanthone group was greater than that in the control. This
suggests that xanthone can enhance expression of CD 31,
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but does not accelerate the timing of angiogenesis as seen
through CD 31. The expression of CD 31 in the pericap
extract-treated group was greater than that in the xanthone

group.

Angiogenesis

Angiogenesis is the process by which new blood vessels
arise from the existing vessels, playing an essential role
in embryonic development and later in adult life as a
physiological process (e.g., corpus luteum formation)
and in pathological conditions such as tumor and chronic
inflammatory process that leads to disease progression
(14).

In this study there was a direct correlation found
between the level of NO and VEGF expression ion the
3 day (p =0.004), by 0.568 regression coefficient, 0.609
path coefficient, and R?=0.371. It means that the increase
of NO affects the increase of VEGF by 37,1%. This is
consistent with the result of a study that reported the
expression of ecNOS (endothelial constitutive NOS) gene
and its production of NO induced VEGF expression in
vascular smooth muscle cells of rats. When the formation
of NO by NOS is inhibited by L-NAME or DAHP, VEGF
synthesis will decrease. And when the formation of NO
is enhanced with the addition of L-arginine and BH4,
synthesis of VEGF will return to normal. Synthesis of NO
can increase the expression of VEGF presumably through
the mechanism of NO altering transcription and stability
of mRNA VEGEF (15).

Another study seemingly supporting this statement
has found that there was increased synthesis of VEGF
by cancer cells through NO (16), and the study by Ye
et al. has reported that nitric oxide could induce VEGF
synthesis in vascular smooth muscle cells, tumor cells, and
keratinocytes. Nitric oxide not only acts as a downstream
mediator of VEGF signaling, but also contributes directly
to the upstream mediator and induces VEGF synthesis
(11).

However, no correlation was found between NO and
VEGF expression on days 6 (p=0.936) and 12 (p=0.678).
This might be due to the fact NO affects VEGF synthesis
only in the early process of angiogenesis occurring at
the proliferative phase, where in the administration of
xanthone and mangosteen pericap extract, the initial
proliferative phase took place on day-3.

Angiogenesis can also be determined using CD-31
that is an adhesion molecule of endothelial cells, which
plays a role in adhesion between endothelial cells in
forming the tubular blood vessels (13).

In this study, no corelation was found between
VEGF and CD 31 at the 3" day (p = 0.118), the 6" day
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(p = 0.766), and the 12 day (p = 0.948). This might be
due to the fact there is a factor influencing the process of
angiogenesis since VEGF expression until the occurrence
of angiogenesis.

Several studies have shown that NO can affect the
ERK1/2 pathways in generating cell proliferation, although
this is still debatable. NO seems to influence Ras and both
its stimulatory and inhibitory effects, which may occur
through S-nitrolization (17). Pilz stated that the response
to NO could affect the activation of ¢cGMP in activating
MAPK through which ERK gene is expressed, but it is also
dependent on the cell type and growth condition (18).

Some researchers say that the action of ERK is
triggered by VEGF stimulation under influence of the
presence of NO. NO activates ERK by stabilizing the
mRNA in the MAPK (19). Activation of kinase-derived
receptor (KDR) stimulates NO synthesis/guanylate
cyclase pathways to activate the MAPK cascade which
then activates ERK 1/2, which is the essence of endothelial
cell proliferation induced by VEGF.

In this study, there was a correlation between NO and
CD 31 on the 3" day (p < 0.001) with 7,698 regression
coefficient and 0.699 path coefficient. It means that the
increase of NO gives effect to the increase of CD-31.
The contribution of NO and VEGF to CD-31 is 76.8%
(R2=0.768). Thus, it can be concluded that NO has
an important role in angiogenesis process until CD-
31 is expressed. There is a possibility of NO is needed
for ERK activation until proliferation endothelial cells
and expressed CD 31 for building up the tubular blood
vessels resulting in angiogenesis. From those references
it was clear that NO affects VEGF process and induces
development of angiogenesis until CD-31 is expressed to

make up new blood vessels, which is also affected by the
availability of NO.

Conclusion

From this study, it can be concluded that allocation of
EKM and xanthone can increase gastric ulcers” healing by
increasing angiogenesis as evidenced by the increase of
VEGF and CD-31 expressions.
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