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A B S T R A C T

Ventricular remodelling leads to cardiomyocyte hypertrophy, myocardial fibrosis, endothelial vasoactive sub-
stance changes and endothelial dysfunction. Our purpose was to research the effect of an aqueous extract of
Averrhoa carambola L. (AEA) on endothelial function in rats with ventricular remodelling induced by iso-
prenaline. Rats were subjected to injection of isoprenaline and administration of various drugs. Vasoactive
substances were measured, and the ventricular remodelling index was detected by the weighing method.
Immunohistochemical analysis, pathological examination, Western blot and Masson’s trichrome staining were
performed. After AEA administration, the levels of transforming growth factor-β (TGF-β), angiotensin II (AngII),
inducible NO synthase (iNOS), endothelin-converting enzyme (ECE), and endothelin 1 (ET-1); the ventricular
remodelling index; and the collagen volume fraction were decreased, while the levels of total NO synthase
(tNOS) and endothelial NO synthase (eNOS) were increased. The pathological examination results showed that
apoptosis, fibrosis, necrosis and inflammatory infiltration of myocardial tissue were attenuated by AEA treat-
ment. AEA might alleviate ventricular remodelling in rats by maintaining the balance of vasoactive substances
and the function of the vascular endothelium.

1. Introduction

Ventricular remodelling (VR) results from a compensatory adapta-
tion of the ventricle to a long-term stimulus, such as hypertension,
myocardial infarction, myocarditis, ventricular volume overload, or
myocardial damage. The features of VR are described to include cell
size increases, cardiac fibroblast proliferation, ventricular muscle hy-
pertrophy and cardiac weight increases. Then, VR results in arrhythmia,
heart failure or even sudden death; therefore, focusing on how to re-
verse VR has become an important subject for cardiovascular disease
treatment [1].

The pathological process of VR is very complex and involves the
sympathetic nervous system (SNS), the renin-angiotensin-aldosterone
system (RAAS), inflammatory cytokines, collagen, matrix metallopro-
teinase and other factors [2–4]. Due to changes in heart function, the
levels of angiotensin II (AngII) are increased in VR model rats. AngII
can not only induce the occurrence of VR but also spur the secretion of
other cytokines though a signalling cascade, such as endothelin 1 (ET-
1), aldosterone (ALD), and transforming growth factor-β (TGF-β) [5].

TGF-β is a vital factor that plays a role in accelerating apoptosis by
promoting collagen synthesis and inhibiting collagenase release [6]. ET
induces cardiomyocyte proliferation, extracellular matrix (ECM) pro-
duction and vascular remodelling, and its mechanisms include vaso-
constriction, neuroendocrine system activation and abnormal gene ex-
pression [7,8]. NO is a vasodilating substance and widely participates in
various pathophysiological processes, such as the regulation of blood
pressure, dilation of blood vessels, inhibition of leukocyte adherence,
and prevention of platelet aggregation [9]. NO is catalysed by NO
synthase (NOS), which has two isoforms; total NO synthase (tNOS)
consists of endothelial NO synthase (eNOS) and inducible NO synthase
(iNOS). Reduced eNOS biosynthesis can lead to diastolic function im-
pairment, while iNOS induces endothelial dysfunction [10,11].

Averrhoa carambola L. is classified in the Oxalidaceae family; the
fruit is popular with the public for its particular appearance and deli-
cate taste. The Averrhoa carambola L. tree is widely cultivated in Asian
countries and has been introduced into the Americas, especially Brazil.
In Brazil, Averrhoa carambola L. has long been welcomed by locals for
its excellent effectiveness in suppressing blood glucose and blood
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pressure elevations; the medicinal portions include the root, stem, leaf
and fruit [12]. In addition, Averrhoa carambola L. is widely pharma-
cologically active. Extract from Averrhoa carambola L. roots can protect
diabetic mice by inhibiting related protein pathways [13] and can
protect against pancreatic beta cell dysfunction induced by palmitic
acid [14]. Extract from Averrhoa carambola L. fruit can be regarded as a
prophylactic for hepatocellular carcinoma in mice [15], and extract
from Averrhoa carambola L. leaves shows considerable anti-infl-
ammatory activity [16]. In addition, the medicinal properties of Aver-
rhoa carambola L. also include antioxidant properties [17] as well as
properties that alleviate eczema, hangovers, inappetence, headaches,
coughing, vomiting and other ailments [15,16]. In China, people use
the fruit as a traditional medicine due to its effectiveness in lowering
blood pressure and blood lipids, and tests have demonstrated that
Averrhoa carambola L. can protect rats with diabetic cardiomyopathy
[18]. However, whether Averrhoa carambola L. can alleviate ventricular
remodelling induced by isoprenaline (ISO) remains untested. Thus, we
carried out this experiment to investigate this possibility.

2. Materials and methods

2.1. Materials

Tablets of a positive control drug, captopril (Lot No: 20170504),
were purchased from Guangdong Taicheng Pharmaceutical Co., Ltd.,
and dissolved in distilled water to concentration of 5.0mg/ml. ISO (Lot
No: 20170324) was obtained from Shanghai Harvest Pharmaceutical
Co., Ltd., and the concentration was adjusted to 0.5 mg/ml with dis-
tilled water. NOS detection kits (Lot No: 20170215) were supplied by
the Nanjing Jiancheng Bioengineering Institute. TGF-β (Lot No:
201703) and AngII (Lot No: 201701) enzyme-linked immunosorbent
assay (ELISA) test kits were procured from Shanghai Hengyuan, Bio-
Techne China Co., Ltd. The immunohistochemistry reagents used to
detect ET-1 (Lot No: #J1017) and endothelin-converting enzyme (ECE,
Lot No: #J1306) were obtained from Santa Cruz Biotechnology. A
Masson trichrome staining kit (Lot No: 20170113) was obtained from
NanJing JianCheng Bioengineering Institute. Antibodies recognizing
TGF-β (Lot No: MA5-15065), ECE (Lot No: MA5-24016), ET-1 (Lot No:
MA1-83134), tNOS (Lot No: PA3-032A), iNOS (Lot No: PA1-036), eNOS
(Lot No: PA1-037) and polyvinylidene fluoride (PVDF) membrane (Lot
No: 88520) were purchased from Thermo Fisher Scientific Inc.

2.2. Herbal preparation

An aqueous extract of Averrhoa carambola L. (AEA) was prepared at
the Department of Pharmacology, Guangxi Medical University. Fresh
Averrhoa carambola L. fruit was collected, washed, cut into halves,
pitted and weighed, and then an equal volume of distilled water was
added to prepare a homogenate. The homogenate was produced with
an ultrasonic cell disruptor and stored at 4 °C overnight. The homo-
genate was separated with a high-speed refrigerated centrifuge for
10min (8000 g/min). The supernatant was collected and vacuum-con-
centrated to yield 10 g of raw medicinal material/ml. Then, absolute
ethanol was added to this concentrate overnight to obtain the pre-
cipitate, which was identified as polysaccharide.

2.3. Animals and treatments

Ventricular remodelling model induced by isoprenaline was widely
approved and used [19]. Sixty Sprague-Dawley rats weighing
180 g–220 g (half male and half female) were chosen. The animals were
randomly divided into 6 groups (n= 10), housed under standard con-
ditions and given free access to standard rodent chow and water. The
groups were as follows:

Normal control group: The rats were given 5mg/kg/d NS by sub-
cutaneous injection three times a day for 7 days; after the third dose

every day, the rats were given 50mg/kg NS by intragastric adminis-
tration once a day for 14 days.

Model group: The rats were given 5mg/kg/d ISO by subcutaneous
injection three times a day for 7 days; after the third dose every day, the
rats were given 50mg/kg NS by intragastric administration once a day
for 14 days.

Captopril group: The rats were given 5mg/kg/d ISO by subcutaneous
injection three times a day for 7 days; after the third dose every day, the
rats were given 50mg/kg captopril by intragastric administration once
a day for 14 days.

AEAH group: The rats were given 5mg/kg/d ISO by subcutaneous
injection three times a day for 7 days; after the third dose every day, the
rats were given 200mg/kg AEA by intragastric administration once a
day for 14 days.

AEAM group: The rats were given 5mg/kg/d ISO by subcutaneous
injection three times a day for 7 days; after the third dose every day, the
rats were given 100mg/kg AEA by intragastric administration once a
day for 14 days.

AEAL group: The rats were given 5mg/kg/d ISO by subcutaneous
injection three times a day for 7 days; after the third dose every day, the
rats were given 50mg/kg AEA by intragastric administration once a
day for 14 days.

All experiments were performed in accordance with approval from
the Institutional Animal Care and Use Committee of Guangxi Medical
University. Animal ethics review followed the Guiding Opinions on the
Treatment of Laboratory Animals issued by the Ministry of Science and
Technology of the People’s Republic of China and the Laboratory
Animal-Guideline for Ethical Review of Animal Welfare issued by the
National Standard of the People’s Republic of China.

2.4. Examination of the levels of TGF-β and AngII

Twenty-four hours after the last administration, blood samples were
collected from the abdominal aorta, and serum was isolated using a
refrigerated centrifuge (model number: TDL-5A) with the appropriate
parameters (3500 g/min for 10min, 4 °C). The serum levels of TGF-β
and AngII were measured using ELISA kits according to the listed in-
structions.

2.5. Examination of the levels of tNOS, iNOS and eNOS

Serum samples were isolated and stored at −20 °C. Then, the levels
of tNOS, iNOS and eNOS were detected with an NOS typed assay kit;
the data for the three types of NOS were obtained simultaneously. The
colorimetric method was used with an ultraviolet and visible light
spectrophotometer (model number: 722, Shanghai Precision and
Scientific Instrument Corporation) under a detection wave length of
530 nm. The experimental procedure was performed in strict ac-
cordance with the instructions.

2.6. Determination of the ventricular remodelling index

Before anaesthetization, the rats were weighed, and the data were
recorded as body weight (BW) values. After collecting the blood sam-
ples, the heart and the kidney were removed from openings in the
thoracic cavity and the abdominal cavity, rinsed with pre-cooled
normal saline, dried with filter paper, and weighed. The heart weight
(HW) and kidney weight (KW) were recorded. The left ventricle was
obtained by removing the atrium, vessel, fat, valve and other tissues
and then weighed. The weight was recorded as the left ventricle weight
(LVW). The ventricular remodelling indexes were calculated as follows:

left ventricular index= (LVW/BW) × 100%;

heart index= (HW/BW) × 100%; and

kidney index= (KW/BW) × 100%.
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2.7. Immunohistochemical analysis of ECE and ET-1

Left ventricle tissues were prepared, fixed with 10% formalin and
embedded in paraffin. The paraffin sections of the left ventricle were
deparaffinized, dehydrated, microwave-treated with citrate buffer and
washed with PBS. The samples were incubated in H2O2 solution (3.0%)
to block endogenous peroxidase activity. The sections were then in-
cubated with rabbit polyclonal antibodies against ECE and ET-1 pro-
teins overnight. After they had been washed, the sections were in-
cubated with anti-ECE antibody and anti-ET-1 antibody and then
treated with streptavidin-peroxidase and diaminobenzidine. The sec-
tions were stained, and the images were acquired with a light micro-
scope (Olympus, Japan). Positive staining was analysed by the optical
density (OD) values and calculated by the image analysis software
package ImageJ (edition II, developed by the National Institutes of
Health).

2.8. Detection of myocardial apoptosis

Paraffin sections of myocardial tissue were used to detect apoptosis
by the terminal-deoxynucleotidyl transferase-mediated dUTP nick end
Labelling (TUNEL) method. The operating procedure strictly followed
to the instructions of the detection kits (Roche). Under the light mi-
croscope, normal cardiac myocytes were stained blue, while apoptotic
cardiac myocytes were stained sepia in various shades.

2.9. Pathological examination of myocardial tissue

Myocardial tissue was embedded into paraffin blocks to examine
pathogenic changes. The paraffin blocks were cut into sections of ap-
proximately 5mm thickness, deparaffinized, dehydrated and stained
with haematoxylin and eosin (H&E) according to the manufacturer’s
instructions. Pathological changes were observed using a light micro-
scope (Olympus, Japan) and were analysed by a researcher who was
blinded to the experimental groups.

2.10. Examination of the collagen volume fraction of myocardial tissue

Paraffin sections of the left ventricle were used to determine the
collagen volume fraction (CVF) by means of Masson's trichrome
staining. The staining results were obtained with light microscopy.
Normal tissues were stained red, while fibrotic tissues and surrounding
blood vessels were stained blue. The area of the fibrotic tissue was
measured using Image-Pro Plus software (IPP, edition VI, developed by
Nanjing Dongtu Digital Technology Co., Ltd). CVF was calculated as
follows:

CVF= total fibrotic area/total area of the left ventricle

2.11. Western blot analysis for tNOS, eNOS, iNOS, TGF-β, ECE and ET-1

Tissue of left ventricular was fixed in pre-cold RIPA buffer which
was added with protease inhibitor. The Left ventricular lysate was ob-
tained and centrifuged (15,000xg at 4 °C for 20min). The lysate protein
samples were quantified and resolved in 10% sodium dodecyl sulfate-
polyacrylamide (SDS) gels. Then protein was transferred to PVDF
membranes. The membrane was respectively added with the primary
polyclonal antibody against tNOS (1:1000), eNOS (1:1000), iNOS
(1:1000), TGF-β (1:1000), ECE (1:1000) and ET-1 (1:1000) and in-
cubated overnight at 4 °C. After washed with Tris Buffered Saline
Tween (TBST) on a shaker for 3times, the membrane was added with
appropriate secondary antibody (1:15,000). Protein bands were
scanned using the Q55CW computer image analysis system (Leica,
Germany). IOD value of protein bands was calculated by the software of
IPP and the level of protein expression was determined with the for-
mula: relative protein level= IOD value of target protein/IOD value of
internal control protein x 100%.

2.12. Statistical analysis

SPSS 13.0 software was used to process the data. All the results are
presented as the mean ± standard error (SD). The differences between
groups were evaluated using the one-way analysis of variance (ANOVA)
via the Student–Newman–Keuls post-test. Differences were considered
to be significant for P-values< 0.05.

3. Results

3.1. Effect of AEA on the levels of TGF-β and AngII

The ELISA results showed that the serum levels of TGF-β and AngII
were increased significantly in the model group compared to the NC
group (P < 0.05). The levels of TGF-β and AngII in the captopril group,
AEAH group and AEAM group were markedly decreased compared with
those in the model group (P < 0.01). There were no differences be-
tween the AEAL and model groups (P > 0.05). The results are shown in
Fig. 1.

3.2. Effect of AEA on the levels of tNOS, iNOS and eNOS

As shown in Fig. 2, the serum levels of tNOS were decreased in the
model group compared with the NC group (P < 0.05). When rats were
treated with captopril and AEA, tNOS increased to different levels
(P < 0.05 and P < 0.01, respectively), which hinted that adminis-
tration of AEA could recover the activity of tNOS and the catalysis and
production of NO to some extent. Compared with those in the model
group, the levels of iNOS were decreased and the levels of eNOS were
increased in the groups given captopril and AEA (P < 0.05 and
P < 0.01, respectively).

Fig. 1. Effect of AEA on the levels of TGF-β and AngII. Each column represents the mean ± SD. *P < 0.05 compared with the NC group; #P < 0.05 and
##P < 0.01 compared with the model group.
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3.3. Effect of AEA on the ventricular remodelling index

The left ventricular index (LVW/BW), the heart index (HW/BW) and
the kidney index (KW/BW) increased in the model group after ISO
administration, which implied that the VR model was successfully es-
tablished. Rats treated with high doses of captopril and AEA exhibited
markedly decreased LVW/BW and HW/BW ratios compared with model
rats (P < 0.01), but no differences were observed between rats treated
with medium or low doses of AEA and model rats (P > 0.05). The KW/
BW ratio was decreased in the groups treated with captopril and AEA
(high and medium doses) compared with the model group (P < 0.05
and P < 0.01, respectively). The above experimental results suggest
that AEA could ease the progression of VR. The results are shown in
Fig. 3.

3.4. Effect of AEA on the protein expression of ECE and ET-1

ECE protein expression increased after injection of ISO in the model
group, and administration of captopril and AEA at high doses could
effectively lower the positive expression of ECE, suggesting that AEA
had the ability to inhibit the activity of ECE. ET-1 protein expression
increased due to the overexpression of ECE, causing ET-1 to be cata-
lysed by ECE. High-dose AEA treatment decreased the expression of ET-
1 compared to the model treatment (P < 0.05), while medium- and
low-dose AEA treatment did not change ET-1 expression compared with
the model treatment (P > 0.05). The results are shown in Fig. 4.

3.5. Effect of AEA on myocardial apoptosis

As shown in Fig. 5, the area stained blue presented normal cardiac
myocytes, and the area stained sepia presented apoptotic cardiac

myocytes. In the model group, the number of apoptotic cardiomyocytes
was distinctly increased, while in the NC group, fewer apoptotic car-
diomyocytes were observed. When the cardiomyocytes were treated
with AEA, the area stained sepia became smaller, and the area stained
blue became larger. This result implied that AEA might alleviate VR by
inhibiting the apoptosis of cardiomyocytes, thus playing a role in pro-
tecting the cardiovascular system.

3.6. Effect of AEA on pathological changes

Pathological changes in myocardial tissue were examined with the
method of H&E staining. As shown in Fig. 6, large areas of necrosis and
inflammatory cell infiltration were visible along with widening of the
space between cardiac fibroblasts and loss of cardiomyocyte structures
in the model group. In the group treated with AEA, the necrosis was
clearly reduced and had become diffuse. In addition, alleviation of in-
terstitial oedema and reductions in monocyte infiltration were observed
in the captopril group and the AEAH group.

3.7. Effect of AEA on the collagen volume fraction of myocardial tissue

The collagen volume fraction (CVF) was measured by Masson's tri-
chrome staining. Normal tissues were stained red, fibrotic tissues were
stained blue, and collagen was distinguishable from muscle tissue. As
shown in Fig. 7, there was substantial collagen exposure and CVF was
increased in the model group compared with the NC group (P < 0.05).
After administration of AEA, collagen exposure was reduced and the
CVF value was decreased in the AEA-treated group compared with the
model group (p < 0.01). There was no difference between the AEAL

group and the model group (P > 0.05).

3.8. Effect of AEA on the protein expression of tNOS, eNOS, iNOS, TGF-β,
ECE and ET-1

As shown in Fig. 8, the protein expression of tNOS was decreased in
the model group compared with the NC group (P < 0.05). When rats
were treated with captopril and AEA, tNOS increased to different levels
(P < 0.05 and P < 0.01, respectively), which hinted that adminis-
tration of AEA could recover the activity of tNOS and the catalysis and
production of NO to some extent. Compared with those in the model
group, the levels of iNOS were decreased and the levels of eNOS were
increased in the groups given captopril and AEA (P < 0.05 and
P < 0.01, respectively). The protein expression of TGF-β, ECE and ET-
1 were increased in the model group compared with the NC group
(P < 0.05). When rats were treated with captopril and AEA, levels of
TGF-β, ECE and ET-1 decreased to different levels (P < 0.05 and
P < 0.01, respectively).

4. Discussion

Injection of ISO has long been used to establish VR models, but the
mechanism has remained uncertain. In 1959, an investigation pointed
out that myocardial tissue subjected to prolonged exposure to a β-re-
ceptor agonist was more likely to die than non-exposed tissue [19]. The
mechanisms might include the following: on the one hand, the increase
in myocardial oxygen consumption could have led to ischaemia, anoxia
and necrosis of cardiomyocytes, generating compensatory heart hy-
pertrophy, collagen proliferation, collagen scarring and heart function
decline; on the other hand, cyclic adenosine monophosphate (cAMP)
may have been activated by the excess ISO, leading to excitement of
sympathetic nerves, elevations in heart rate, increases in pressure load,
hypertrophy of cardiac myocytes and remodelling of ventricles. In the
present study, we found that heart weight and left ventricular weight
were increased and that apoptosis, fibrosis, necrosis and inflammatory
infiltration were visible after treatment with excess ISO, which reflected
that the VR model was successfully established.

Fig. 2. Effect of AEA on the levels of tNOS, iNOS and eNOS. Each column re-
presents the mean ± SD. *P < 0.05 compared with the NC group; #P < 0.05
and ##P < 0.01 compared with the model group.

Fig. 3. Effect of AEA on the ventricular remodelling index. Each column re-
presents the mean ± SD. The left ventricular index, heart index and kidney
index are respectively presented as LVW/BW, HW/BW and KW/BW. *P < 0.05
compared with the NC group; #P < 0.05 and ##P < 0.01 compared with the
model group.
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Serum biomarkers of endothelial dysfunction include TGF-β, AngII,
NOS, NO, ECE, and ET [10]. There are several possible mechanisms of
TGF-β participation in VR, as follows: 1). TGF-β enhances the mRNA
expression and synthesis of fibrillar collagen types I and III [20]; 2).
TGF-β is associated with tissue repair and fibrosis [21]; and 3). TGF-β
increases the accumulation of fibrous protein, collagen and pro-
teoglycan by upregulating the expression and inhibiting the degrada-
tion of ECM [22]. Thus, TGF-β is regarded as the common pathway of
VR induced by various factors. In this study, we found that AEA was

able to downregulate the level of TGF-β, which implied that the de-
crease in the collagen volume fraction was associated with the low
content of TGF-β to some degree.

Early in 1988 [23], Japanese scientists isolated and purified a small-
molecule polypeptide from porcine aortic endothelial cells; this bioac-
tive substance was called endothelin (ET). ET is a potent vasocon-
strictor and exists in three isoforms, ET-1, ET-2 and ET-3; ET-1 shows
the highest vasoconstrictive activity. ET accelerates the abnormal
growth of cardiomyocytes and fibroblasts, which leads to collagen

Fig. 4. Effect of AEA on the protein expression of ECE and ET-1. The tissue samples were subjected to immunohistochemical analysis and observed under a light
microscope at 400× magnification. Positive expression is indicated by a sepia colour.
Each column represents the mean ± SD. *P < 0.05 compared with the NC group; #P < 0.05 and ##P < 0.01 compared with the model group.

Fig. 5. Effect of AEA on myocardial apoptosis. The tissue samples were analysed by the TUNEL method and observed under a light microscope with a magnification
of 400×. Normal cardiac myocytes are stained blue, while apoptotic cardiac myocytes are stained sepia of various shades.
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Fig. 6. Effect of AEA on pathological changes. The sections were observed under a light microscope at 400× magnification. In the model group, necrosis was widely
distributed, and necrotic areas were fused together; in the AEAH group and the captopril group, the above situation was alleviated.

Fig. 7. Effect of AEA on the collagen volume fraction of myocardial tissue (400x). CVF (%) was used to estimate the condition of collagen exposure and the degree of
myocardial fibrosis.
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deposition, blood vessel wall thickening and vessel wall shortening and
stiffening. Investigations have verified that the levels of ET-1 increase
during acute myocardial infarction, endothelial injury, myocardial an-
oxia, atherosclerosis, heart failure and other conditions [24–26]. The
results of our research showed elevated ET-1 levels, which were con-
sistent with the above results of previous studies.

Pro-ET was catalysed to ET by endothelin-converting enzyme (ECE),
and we found that AEA had the potential to weaken the activity of ECE.
Moreover, ECE had the capacity to promote the conversion from AngI
to AngII, as reported by Wada [27]. Similarly, inhibiting the activity of
ECE can reduce the secretion of AngII [28]. This implies that ECE might
be regarded as a target for drug research for VR. AngII is widely known
for its bioactivity causing vasoconstriction. Overexpression of AngII
initiates endothelial dysfunction [29], lipid peroxidation [30] and
vascular inflammation [31]. The hypothesis that AEA lowers the levels
of AngII by reducing the activity of ECE was confirmed because in the
model group, the content of AngII was higher than that in other groups
treated with positive control drug and AEA.

In the present study, we found that the level of iNOS decreased
while the level of eNOS increased after administration of AEA. In
general, the expression of iNOS is very low, but when myocardial
ischaemia, myocardial anoxia, inflammatory reactions and cytokine
stimulation occur, the activity of iNOS increases. Then, cytotoxicity and
cardiomegaly are mediated by the overexpression of iNOS [32,33].
eNOS is beneficial for the cardiovascular system and can reverse
myocardial hypertrophy [34]; once the balance of eNOS levels is dis-
rupted, dysfunction of myocardial contraction and relaxation occurs
[35].

5. Conclusions

In conclusion, the study used a model of VR induced by ISO to ex-
plore the effect of AEA on the function of the vascular endothelium. The

present results demonstrated that AEA lowered the levels of TGF-β,
AngII, iNOS, ECE, and ET-1 and decreased the ventricular remodelling
index and CVF. The activity of tNOS and eNOS was elevated by AEA
treatment. Lesions were attenuated and collagenous tissue was reduced
by AEA treatment, as detected by H&E staining and Masson’s trichrome
staining, respectively. The above results might partly suggest the pro-
tective effect of AEA, and AEA-mediated alleviation of VR in rats might
be related to maintenance of the balance of vasoactive substances and
the function of the vascular endothelium.

6. Study limitations

However, many reports have suggested that there are side effects of
star fruit. Uraemic patients have shown symptoms such as hiccups and
vomiting after taking star fruit [36]. Patients with renal failure who
have ingested this fruit have also suffered neurological symptoms [37].
So far, we have been alerted that there exist dual effects during the use
of Averrhoa carambola L., and the protective effects and the side effects
needed to be studied more thoroughly. In addition, the cardiovascular
protective of an aqueous extract of Averrhoa carambola L. is only a basic
research, and AEA is only a polysaccharide but not a monomer. AEA is
gained according to the operation of “2.2Herbal preparation” with high
purity (a single narrow symmetrical peak was gained though Sephadex
g-100 column chromatography). Furthermore, we have firstly gained a
monomer named 2-dodecyl-6-methoxycyclohexa-2,5-diene-1, 4-dione
which is isolated from Averrhoa carambola L., and we intend to use the
highly reactive monomer to carry out deeper research in the future
based on this research.
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