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ABSTRACT: Intravenous infusion of either camboginol or morelloflavone from Garcinia dulcis (GD) exerted diuretic,
hypotensive, and vasorelaxant effects in either normotensive or hypertensive rats. This study aims to investigate the
effects of GD flower extract on arterial blood pressure (ABP) and renal excretory functions. Male Wistar rats (8-week-
old) were divided into 4 groups (group I–IV, n= 6 each) in both acute and sub-chronic protocols. The GD extract was
orally administrated to group II–IV at the dose of 50, 100, or 200 mg/kg, respectively, while group I served as vehicle
control. The oral administration was performed before the experiment in acute protocol and daily for 2 weeks in the
sub-chronic protocol. The ABP and renal excretory functions were measured in the anesthetized rats. The levels of
fasting blood glucose (FBG), plasma lipid profiles, and liver enzymes were evaluated in the sub-chronic experiment
along with liver histology. The results showed that acute administration of GD extract significantly decreased ABP
but increased renal blood flow, glomerular filtration rate, urine flow rate, osmolar clearance, and negative free water
clearance when compared with the control. In the sub-chronic protocol, the GD extract significantly decreased ABP but
did not alter the renal excretory functions. The plasma levels of FBG, lipid profiles, liver enzymes, and the histology of
liver were not changed. It is concluded that acute oral administration of GD extract possessed hypotensive and diuretic
effects whereas the sub-chronic treatment of GD showed hypotensive effect and no alterations in liver function, FBG,
and plasma lipid profiles.
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INTRODUCTION

Hypertension is a chronic cardiovascular disease in
which the arterial blood pressure (ABP) is elevated
leading to an increase in the risks of heart, brain,
kidney, and other diseases and promotes premature
death. In 2019, the World Health Organization
estimated 1.13 billion people worldwide have hy-
pertension. The pathophysiological mechanisms
associated with hypertension are generally under-
stood. One of the possible causes of hypertension is
an overproduction of free radicals that damage car-
diovascular and renal systems in which character-
ized by an overactivity of the sympathetic nervous

system [1] and renin-angiotensin-aldosterone sys-
tem (RAAS) [2], the inability of kidneys to excrete
sodium [3], and the endothelial dysfunction [4],
resulting in increased vascular resistance and fluid
overload and finally raised ABP. Recently, a large
number of local plants with antihypertensive ther-
apeutic potential have been studied because of their
various bioactivities [5], more safety and efficacy,
cost-effectiveness, and fewer side effects. However,
more scientific researches are needed to verify the
effectiveness and elucidate the safety profile of such
herbal remedies for their antihypertensive potential.

The tropical plant Garcinia dulcis (GD) Kurz,
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local Thai name Ma-Phud, belongs to the Gut-
tiferae family and grows mainly in the Southeast
Asia region. Various parts of this plant have been
used as medicine; leaves and seeds were used
for lymphatitis, parotitis, and struma treatment;
stem bark was used as an antiseptic agent; fruit
juice was used for anti-scurvy and expectorant for
the relief of cough and sore throat; and its root
extract was used as an antipyretic and antitoxin
agent [6–9]. The extracted substances from GD con-
tained at least 4 groups of phenolic compounds in-
cluding flavonoids, benzophenone, xanthones, and
benzophenone-xanthone dimer [6–9]. The yield of
chemical constituents extracted from GD depended
on the part of the plant specimens and the procedure
of purification. Its phenolic compounds which have
been shown to possess antibacterial and antiox-
idative activity including cambogin, camboginol,
dulcisflavone, epicatechin, and morelloflavone from
fruits [6], dulcisxanthone C-F and dulcinone from
flowers [7], and dulcisxanthone G from seeds [8].
Our previous studies found that the intravenous ad-
ministration of either camboginol or morelloflavone
extracted from the fruits of GD exerted diuretic
and hypotensive effects in either anesthetized nor-
motensive or hypertensive rats. An experiment
in isolated thoracic aorta revealed the vasorelax-
ant action of camboginol and morelloflavone in
both normotensive and hypertensive rats, and their
mechanism of action involved an endothelial nitric
oxide (NO)-dependent pathway [10–13].

This study aims to evaluate the effects of acute
and sub-chronic oral administration of the GD
flower extract on cardiovascular parameters includ-
ing arterial blood pressure (ABP) and renal excre-
tory functions comprising renal vascular resistance
(RVR), clearance of para-amino hippuric acid (CPAH)
and inulin (CIn) as markers of effective renal plasma
flow (ERPF) and glomerular filtration rate (GFR),
respectively, urine flow rate (V̇), osmolar clear-
ance (COsm), negative free water clearance (TCH2O),
plasma osmolarity (POsm), and urine osmolarity
(UOsm) in anesthetized rats. The effects of GD flower
extract on the levels of fasting blood glucose (FBG),
plasma lipid profiles, liver enzymes, and histology of
liver were also evaluated in the sub-chronic protocol
to assess its toxicity.

MATERIALS AND METHODS

Preparation of Garcinia dulcis flower extract

The flowers of GD were collected from Songkhla
province in the southern part of Thailand. The

voucher specimen has been deposited at Prince of
Songkla University Herbarium (Collection No. 02
and Herbarium No. 0012625), Faculty of Science,
Prince of Songkla University, Songkhla, Thailand.
The GD flowers (488 g) were extracted at room
temperature sequentially with acetone for 72 h.
Removal of the solvents from the extract yielded
the acetone extract (85.50 g). This acetone extract
was fractionated by dissolving in hexane to give a
soluble (13.45 g) and insoluble (70.06 g) fractions.
The hexane insoluble fraction was used in this study.
To identify the chemical components, 20 mg of
the tested fraction was subjected to a silica gel
column chromatography and eluted with the 10%
MeOH in CH2Cl2. The collected fractions were chro-
matographed on thin-layer chromatography (TLC)
using silica gel as a stationary phase and 10%
MeOH in CH2Cl2 as a mobile phase compared with
the reference compounds including camboginol and
morelloflavone.

The hexane insoluble fraction of the GD flower
extract was dissolved in a small amount of dimethyl
sulfoxide (0.3% DMSO; Sigma-Aldrich, Darmstadt,
Germany), then further dissolved in corn oil (Ma-
zola, Bangkok, Thailand) for oral gavage at the
doses of 0 (corn oil as a vehicle), 50, 100, and
200 mg/kg body weight (BW). The volume of oral
gavage is 2.5 mL/kg BW.

Animals and the experimental protocol

Male Wistar rats (7-week-old, n = 48) were pur-
chased for the Siam Nomura International Co.
Ltd. and were transported to the Animal Labora-
tory Center of Thammasat University. They were
housed under standard conditions: room tempera-
ture 22±1 °C, relative humidity 30–70% RH, light
intensity 130–325 Lux, and 12/12 dark-light cycle
and were fed with commercial pellet food and a
reverse osmosis water ad libitum.

After acclimatization for a week, the rats were
randomly divided into 4 groups: I–IV (n = 6 each),
based on the dose of the GD flower extract admin-
istration: 0 (vehicle), 50, 100, and 200 mg/kg BW,
respectively, in each acute and sub-chronic protocol.
The oral administration was performed immedi-
ately before the experiment in the acute protocol
and daily for 2 weeks in the sub-chronic protocol.
The experimental protocols were adhered to NIH
Guiding Principles in the Care and Use of Animals
and were approved by the Thammasat University
Animal Care and Use Committee under Protocol No.
007/2018.
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Arterial blood pressure (ABP) and renal
excretory function study

A similar protocol of ABP and renal excretory func-
tion study was used in both acute and sub-chronic
groups. On the day of the experiment, either vehicle
or GD flower extract was orally administered to each
rat. Immediately, a rat was put in the chamber
for induction to be anesthetized with 5% isoflu-
rane (RWD, Shenzhen, China) supplied with oxygen
4 L/min for 1 min, and then the anesthetized rat was
removed from the chamber, placed on an electrical
temperature control pad, and maintained the anes-
thetized status with 0.9–2% isoflurane supplied with
oxygen 0.9 L/min on face mask throughout the ex-
periment. The right jugular vein was cannulated for
infusion of the renal clearance markers containing
1% PAH (Sigma-Aldrich, Darmstadt, Germany) and
1% inulin (Sigma-Aldrich, Darmstadt, Germany) in
0.9% saline solution at the rate of 16 mL/min/kg
BW. The left carotid artery was cannulated for blood
sampling and continuous ABP recording using the
PowerLab system (model 26T, ADInstruments, New
South Wales, Australia). The urinary bladder was
cannulated for urine sampling.

After infusion of clearance marker for 30 min,
4 consecutive 30-min urine collections (U1 to U4)
were performed during the 120 min of the ex-
perimental period. Arterial blood samples (1 ml)
were taken at the end of U1 and U3 periods and
centrifuged at 3000 rpm for 10 min for plasma
collection. The plasma and urine samples were kept
at −20 °C until analysis of the PAH and the inulin
levels using spectrophotometry [14, 15]. The V̇
was determined gravimetrically by collecting urine
into pre-weighed tubes and assuming a density
of 1 g/ml. POsm and UOsm were measured by
using Micro-Osmometer (model Osmomat 030D,
Gonotec, Berlin, Germany).

The CPAH, CIn, and COsm were calculated accord-
ing to the clearance equation; CX = (V̇ × UX)/PX,
when V̇ is the urine flow rate, UX is urine concen-
tration of X, PX is the plasma concentration of X,
and X is either of PAH, inulin, or osmolality. TCH2O

was calculated using equation TCH2O = COsm − V̇.
The CPAH and CIn were taken as the indices of ERPF
and GFR, respectively. The COsm and TCH2O were
the indices of urinary electrolyte excretion and free
water reabsorption, respectively. The values of CPAH,
CIn, COsm, TCH2O, and V̇ in each rat were normalized
by kidney weight (KW). Values from U1 to U4 periods
were averaged. Mean arterial pressure (MAP) was
determined at the mid-point of U1 to U4 periods

and calculated from diastolic blood pressure (DBP)
+1/3 pulse pressure (PP). The RVR was calculated
using equation RVR = MAP/ERPF. The MAP and
RVR during U1 to U4 periods were also averaged.

Test of toxicity of GD flower extract in the
sub-chronic protocol

The animals in this group were orally administered
with either vehicle, 50, 100, or 200 mg/kg BW GD
flower extract daily for 2 weeks. One night before
the ABP, renal, and excretory function study, the
rat was deprived of food but still allowed to access
the drinking water. On the day of the experiment,
the rat was anesthetized with isoflurane supplied
with oxygen. Before an infusion of renal clearance
markers, a small amount of blood was collected
from the carotid artery catheter for measuring a
level of FBG using a digital glucometer (Accu-Check,
Basel, Switzerland). Then, the renal and excre-
tory function study was performed as previously
described. At the end of the experiment, 5 ml of
blood was collected from the carotid artery and
centrifuged at 3000 rpm for 10 min for plasma
collection, and then the plasma sample was kept at
−20 °C until analysis for the levels of plasma lipid
profiles composed of cholesterol, triglyceride, high-
density lipoprotein (HDL), and low-density lipopro-
tein (LDL) and liver enzyme levels including as-
partate transaminase (AST), alanine transaminase
(ALT), and alkaline phosphatase (ALP) using stan-
dard technique (Health Care Service Center, Faculty
of Allied Health Science, Thammasat University,
Pathum Thani, Thailand). Finally, the rat was
perfused with 0.1 M phosphate buffer solution, and
liver tissue samples were fixed in 10% formalin
for histological study by hematoxylin and eosin
(H&E) staining (Laboratory of Pathology, Faculty
of Medicine, Thammasat University, Pathum Thani,
Thailand).

Statistics

Data were presented as mean± standard error of
the mean (SEM). Comparisons between the means
values within group and among groups of acute and
sub-chronic treatment were performed with one-
way analysis of variance followed by Tukey post
hoc test using GraphPad Prism 6 (San Diego, CA,
USA). A p-value of less than 0.05 was considered a
significant difference.
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Fig. 1 The chromatogram of the Garcinia dulcis flower
extract: (a) hexane insoluble fraction, (b) fraction 1,
(c) fraction 2, (d) fraction 3, (e) camboginol (C38H50O6,
MW 602)), and (f) morelloflavone (C30H20O11, MW 556).

RESULTS

The chemical components of the GD flower
extract

The chromatogram showed that the hexane in-
soluble fraction is composed of camboginol and
morelloflavone as shown in Fig. 1.

Hypotensive effect of GD flower extract in acute
and sub-chronic treatment groups

Acute oral administration of GD flower extract at
the doses of 100 and 200 mg/kg BW significantly
decreased SBP, DBP, and MAP but did not change
PP and HR in comparison to the vehicle as shown
in Fig. 2a (SBP; GD-100: 89±3, GD-200: 88±3,
and vehicle: 102±4 mm Hg, DBP; GD-100: 43±2,
GD-200: 44±2, and vehicle: 57±4 mm Hg, MAP;
GD-100: 59±2, GD-200: 54±3, and vehicle:
72±4 mm Hg, p < 0.05). Acute treatment of
50 mg/kg BW GD flower extract did not affect the
SBP, DBP, PP, MAP, and HR.

In sub-chronic treatment, oral administration
50 and 100 mg/kg BW GD flower extract signifi-
cantly decreased SBP, DBP, and MAP in comparison
to the vehicle as shown in Fig. 2b (SBP; GD-50:
94±2, GD-100: 94±2, and vehicle: 104±1 mm
Hg, DBP; GD-50: 38±1, GD-100: 37±4, and
vehicle: 48±2 mm Hg, MAP; GD-50: 56±0.5, GD-
100: 56±3, and vehicle: 67±1 mm Hg, p < 0.05).
Oral administration of 200 mg/kg BW GD flower
extract significantly decreased SBP and PP but did
not change DBP, MAP, and HR compared with vehicle
(SBP; GD-200: 95±3 and vehicle: 104±1, PP; GD-

Table 1 Effect of acute and sub-chronic treatment of
either vehicle or Garcinia dulcis flower extract at the doses
of 50, 100, and 200 mg/kg BW on heart rate (HR),
hematocrit (Hct), and plasma osmolarity (POsm).

Group HR Hct POsm

(BPM) (%) (mOsm/kg H2O)

Acute treatment
Vehicle 402±12 41.0±0.9 291±2
GD-50 426±6 40.5±0.9 289±2
GD-100 414±9 41.8±0.3 289±1
GD-200 422±15 38.8±1.3 292±1

Sub-chronic treatment
Vehicle 418±11 38.9±0.7 291±3
GD-50 390±9 43.3±1.1* 296±2*,**

GD-100 406±20 41.4±0.9* 294±2*,**

GD-200 419±12 47.0±3.2*,** 300±2*,**

Data were represented as mean± standard error of
the mean (SEM). * p < 0.05 in comparison with the
vehicle within either acute or sub-chronic group and
** p < 0.05 when compared between the acute and
the sub-chronic treatment at the same dose of either
vehicle or GD flower extract. BPM, beat per minute.

200: 42±4 and vehicle: 56±2 mm Hg, p < 0.05).

The diuretic effect of GD flower extract

All doses of acute oral administration of GD flower
extract significantly decreased RVR compared with
the vehicle as shown in Fig. 3 (GD-50: 15±2,
GD-100: 13±3, GD-200: 13±2, and vehicle:
28±12 RU, p < 0.05). The extract significantly
raised CPAH, CIn, V̇, COsm, and TCH2O in compar-
ison to vehicle (CPAH; GD-50: 4.92±0.96, GD-
100: 4.96±0.63, GD-200: 4.98±0.99, and vehicle:
2.72±0.06 mL/min/g KW, CIn; GD-50: 1.69±0.14,
GD-100: 1.74±0.15, GD-200: 1.67±0.36, and
vehicle: 0.79±0.07 mL/min/g KW, V̇; GD-50:
11.36±0.28, GD-100: 11.65±0.32, GD-200:
12.17±1.01, and vehicle: 8.87±0.94 mL/min/g
KW, COsm; GD-50: 48±3, GD-100: 53±3, GD-200:
49±6, and vehicle: 33±3 µL/min/g KW, TCH2O;
GD-50: 34±3, GD-100: 41±3, GD-200: 37±6,
and vehicle: 24±3 µL/min/g KW, p < 0.05). All
doses of acute treatment of GD flower extract did
not change UOsm and POsm.

The CPAH, V̇, COsm, TCH2O, and UOsm did not
change after treatment of GD flower extract sub-
chronically as shown in Fig. 4. However, the RVR
significantly decreased in the 100 mg/kg BW GD
treatment group but significantly increased in the
200 mg/kg BW GD treatment group in compar-
ison to the vehicle (GD-100: 14.90±1.13, GD-
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Fig. 2 The hypotensive effect of the Garcinia dulcis flower extract at the doses of 0 (vehicle), 50, 100, and 200 mg/kg
BW: (a) acute and (b) sub-chronic treatment protocol. * p< 0.05 in comparison to vehicle. SBP, systolic blood pressure;
DBP, diastolic blood pressure; PP, pulse pressure; and MAP, mean arterial pressure.

R
V

R
(R

U
)

Vehicle GD-50 GD-100 GD-200

0

8

16

24

32

40

* **

a)

C
P

A
H

(m
L

/m
in

/g
K

W
)

Vehicle GD-50 GD-100 GD-200

0

2

4

6

8

10

* **

b)

C
In

(m
L

/m
in

/g
K

W
)

Vehicle GD-50 GD-100 GD-200

0

1

2

3

4

5

* **

c)

V
(m

L
/m

in
/g

K
W

)

Vehicle GD-50 GD-100 GD-200

0

4

8

12

16

20

* *
*

.

d)

C
O

sm
(m

L
/m

in
/g

K
W

)

Vehicle GD-50 GD-100 GD-200

0

10

20

30

40

50

60

70

* **

e)

T
C

H
2O

(m
L

/m
in

/g
K

W
)

Vehicle GD-50 GD-100 GD-200

0

10

20

30

40

50

60

70

* **

f)

Fig. 3 The acute diuretic effect of the Garcinia dulcis flower extract at the doses of 0 (vehicle), 50, 100, and 200 mg/kg
BW: a) renal vascular resistance (RVR), b) clearance of para-amino hippuric acid (CPAH), c) clearance of inulin (CIn),
d) urine flow rate (V̇), e) osmolar clearance (COsm), and f) negative free water clearance (TCH2O). * p < 0.05 in
comparison to vehicle. KW, kidney weight.

200: 25.26±1.52, and vehicle: 18.73±1.15 RU,
p < 0.05). It was also found that CIn signifi-
cantly increased in the group of 200 mg/kg BW GD
flower extract treatment in comparison to the vehi-
cle (GD-200: 2.69±0.22 and vehicle: 1.05±0.05,
p < 0.05). Moreover, it was found that treat-
ment of GD flower extract significantly increased
hematocrit (Hct) and POsm in comparison to the
vehicle as represented in Table 1 (Hct; GD-50:
43.3±1.1, GD-100: 41.4±0.9, GD-200: 47.0±3.2,

and vehicle: 38.9±0.7%, POsm; GD-50: 296±2,
GD-100: 294±2, GD-200: 300±2, and vehicle:
291±3 mOsm/kg H2O, p < 0.05).

BW, FBG, plasma lipid profile, liver enzymes,
and histology of liver

In the sub-chronic protocol, all doses of GD flower
extract did not change the BW, FBG levels, the
plasma levels of cholesterol, triglyceride, HDL,
LDL, AST, ALT, and ALP in comparison to vehicle
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Fig. 4 Effect of sub-chronic treatment of the Garcinia dulcis flower extract at the doses of 0 (vehicle), 50, 100, and
200 mg/kg BW on renal excretory functions: a) renal vascular resistance (RVR), b) clearance of para-amino hippuric
acid (CPAH), c) clearance of inulin (CIn), d) urine flow rate (V̇), e) osmolar clearance (COsm), and f) negative free water
clearance (TCH2O). * p < 0.05 in comparison to vehicle. KW, kidney weight.

(Table S1). The H&E staining of liver tissues did not
observe any pathology change (Fig. S1).

DISCUSSION

The TLC showed that the hexane insoluble frac-
tion of the GD flower extract is composed of cam-
boginol and morelloflavone (Fig. 1). Camboginol,
also called garcinol, is a benzophenone which ex-
erted a wide range of physiological activities includ-
ing antioxidation, vasodilation, anti-inflammation,
anti-cancer, anti-HIV, and anti-ulcer [10–12, 16–
23]. Another active compound in this fraction is
morelloflavone biflavonoid comprising 2 flavones:
apigenin and luteolin occurring in most Garcinia
species [24]. The previous study reported that
morelloflavone inhibits vascular smooth muscle cell
migration, invasion, and lamellipodium formation
through activation of multiple migration-related ki-
nases including focal adhesion kinase, Src, extracel-
lular signal-regulated kinase, and RhoA [25]. Oral
morelloflavone therapy for 8 months significantly
reduced the atherosclerotic areas of the mouse aor-
tae [26]. The possible mechanism of those actions
of camboginol and morelloflavone may be related to
its antioxidant property.

The findings showed that the hypotensive effect
of GD flower extract can be observed at the doses of

100 and 200 mg/kg BW in the acute treatment and
50 and 100 mg/kg BW in the sub-chronic treatment
(Fig. 2). It was also found that the RVR decreased
in all groups of acute treatment and the group of
100 mg/kg BW in the sub-chronic treatment (Fig. 3a
and Fig. 4a). The decreased RVR in those groups
was due to a decreased MAP with an increased ERPF
since the RVR was calculated using the equation;
RVR = MAP/ERPF. Our previous studies found that
both camboginol and morelloflavone induced va-
sorelaxation of the isolated thoracic aorta from ei-
ther normotensive or hypertensive rat, and its mech-
anism of action involved endothelial NO-dependent
signaling pathway [10, 11, 13]. The data suggested
that the possible mechanism of hypotensive action
may be due to vascular relaxation and reduction of
the vascular resistance which involved endothelial
NO-dependent pathway.

The hypotensive effect was absent in the group
of acute 50 mg/kg BW treatment which may be
due to less concentration of the GD flower extract
(Fig. 2a). Interestingly, the DBP in the sub-chronic
treatment groups at the doses of 50 and 100 mg/kg
BW were greatly decreased, thus reflecting the
strong vasorelaxation (Fig. 2b). While the DBP and
MAP turned to the basal level, the SBP was still
significantly lower than the control group in the sub-
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chronic treatment of 200 mg/kg BW. It was also
found that the RVR and the CIn (as GFR) were
significantly higher than the other groups because
(1) the MAP turned to a normal level while the
ERPF was slightly lower than the control and (2) the
increased GFR suggested the vasoconstriction of the
efferent arteriole. The absence of the hypotensive
effect of the GD flower extract at the high dose
may be due to the compensatory mechanisms of
the body including baroreceptor reflex to increase
sympathetic activity and the RAAS to increase an-
giotensin II level and then increased basal vascular
tone [27].

The diuretic effect of GD flower extract was
observed in the acute treatment of the GD flower
extract (Fig. 3). The CPAH, CIn, V̇, COsm, and TCH2O
were significantly increased in comparison to the
vehicle at all doses of GD flower extract. The
findings corresponded with our previous studies
which found that intravenous infusion of either cam-
boginol or morelloflavone exerted diuretic action in
both normotensive and hypertensive rats [10, 12].
The mechanism of diuretic action may involve both
glomerular and tubular functions. The GD flower
extract relaxed the afferent arteriole and induced
an increase of blood flow (CPAH) leading to an
increase of intravenous hydrostatic pressure in the
glomerulus, resulting in increased GFR (CIn), V̇,
and urinary electrolyte excretion (COsm). The water
reabsorption (TCH2O) was significantly increased in
the GD extract treatment groups which may be due
to the action of anti-diuretic hormone (ADH) in
response to hypotension and hypovolemia [28].

The diuresis of the GD flower extract was not ob-
served in the sub-chronic treatment groups (Fig. 4).
The water contraction was observed in those sub-
chronic treated groups since the level of hematocrit
and POsm were significantly increased compared to
vehicle control (Table 1). The mechanism of the
water retraction may be because of the inhibitory
effect of the extract on the thirst center. The extract
may diminish action of ADH on the renal distal
and collecting duct or diminish ADH synthesis and
release itself. Physiologically, the compensatory
responses to the water contraction include increased
vascular tone by activation of the sympathetic ner-
vous system and secretion of angiotensin II which
induced vasoconstriction of both afferent and effer-
ent arterioles. Moreover, the plasma levels of ADH
and aldosterone were also increased in response to
water contraction, and increasing of POsm resulted in
increased water and sodium reabsorption at late dis-
tal tubule and collecting duct and finally decreased

the urine output [27].
Oral administration of GD flower extract for

2 weeks did not change the BW, FBG levels, and the
plasma levels of cholesterol, triglyceride, HDL, and
LDL. These findings corresponded with the previous
study which reported that oral morelloflavone ther-
apy for 8 months did not change the plasma lipid
profiles in Ldlr−/−Apobec1−/−mice [26]. More-
over, sub-chronic treatment of GD flower extract
did not change the levels of AST, ALT, and ALP
in comparison to the vehicle and did not cause
the histological change of the liver suggesting oral
administration of flower GD extract was non-toxic
(Table S1 and Fig. S1).

It is concluded that acute oral administration
of GD flower extract possessed hypotensive and
diuretic effects. Sub-chronic treatment of GD flower
extract showed a hypotensive effect and the absence
of liver toxicity. The hypotensive and diuretic action
of GD flower extract may relate to its antioxidant
activity. The application of GD flower extract as an
antihypertensive agent should be further pharmaco-
logically studied in the hypertensive model.

Appendix A. Supplementary data

Supplementary data associated with this arti-
cle can be found at http://dx.doi.org/10.2306/
scienceasia1513-1874.2020.095.
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Appendix A. Supplementary data

Table S1 Effect of Sub-chronic treatment of either vehicle or Garcinia dulcis flower extract at the doses of 50, 100, and
200 mg/kg BW on body weight change, fasting blood glucose, plasma lipid profile, and liver enzymes.

Parameter Vehicle (n= 6) GD-50 (n= 6) GD-100 (n= 6) GD-200 (n= 6) p

BW at day 0, g 284±14 323±10 310±10 318±7 ns
∆BW at day 14, g +47±5 +50±10 +55±8 +53±3 ns
FBG, mg/dL 126±13 118±15 124±10 124±18 ns
Cholesterol, mg/dL 52±4 51±7 53±2 49±4 ns
Triglyceride, mg/dL 54±8 48±4 72±9 65±13 ns
HDL, mg/dL 33±3 32±2 34±1 29±2 ns
LDL, mg/dL 5±1 3±1 5±1 4±1 ns
AST, U/L 57±2 49±3 53±3 64±3 ns
ALT, U/L 18±2 18±3 16±4 14±1 ns
ALP, U/L 64±5 55±7 61±8 52±5 ns

Data were represented as mean± standard error of the mean (SEM). ∆BW, body weight change (+increase); FBG,
fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate transaminase;
ALT, alanine transaminase; ALP, alkaline phosphatase; and ns, non-significant when compared with vehicle.

Fig. S1 Histological examination (hematoxylin and eosin staining) of sub-chronic treatment of either a) vehicle or
Garcinia dulcis flower extract at the dose of b) 50, c) 100, and d) 200 mg/kg BW. Magnification power =200× .
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