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ABSTRACT

Phaleria macrocarpa is one of the plants originating from Indonesia that has been empirically known for its
medicinal properties. The medicinal properties have also been scientifically revealed for the management of
conditions related to chronic diseases, including hyperglycemia, dyslipidemia and renal disorders. With regards to
increased blood glucose, studies have proven that P. macrocarpa helps to lower blood glucose levels. These studies
have proven that P. macrocarpa helps to lower blood glucose levels by reducing the activity of a-glucosidase, an
enzyme involved in the digestion of carbohydrate, thus further reduced the rate of glucose absorption. P.
macrocarpa treatment was also able to significantly improve blood lipid profiles and its related parameters,
including total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and triglyceride. It also
showed improvements in genes and proteins that are associated to the regulation of cholesterol transport and
homeostasis, including LDL-R, PCSK9 and CETP. Nephroprotective effect of P. macrocarpa was revealed by
reduction in VEGF and TGF-a that are known to regulate angiogenic and cells proliferation. Effects of P.
macrocarpa through various parameters and pathways making it highly favorable to be developed as the treatment
of cardiovascular and metabolic diseases risk factor, especially in managing hyperglycemia, dydipidemia, aswell as
protecting the kidneys.
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INTRODUCTION

Traditional herbal medicine has been in existence for centuries before the development and spread of modern
scientific medicine and it has been a part of cultural heritage up until now. During the past few years, there has been
a growing interest in the use of natural products, especially herbal medicines which were derived from plants. The
most common reason for using herbal medicinesis due to the concern of adverse effects that may be occurred during
the use of conventional (chemical and synthetic) medicines. The use of herbal medicines is increased when
conventional medicines are ineffective in the treatment of chronic diseases [1]. Growing interest in the use of natural
products is supported by the fact that Indonesia is one of the centers of biodiversity around the world. Indonesia has
around 30,000 species of plants live in the archipelago, out of 40,000 species of plants live in the world. Several
studies have been conducted to investigate the potentialities of various medicinal plants for the treatment of chronic
diseases. Pharmacological effects of various medicinal plants have been revealed, including DLBS3233, bioactive
fraction combination of Cinnamomum burmannii and Lagerstroemia speciosa, for its effect to lower glucose levels
[2-3]. DLB$4847, bioactive fraction of Curcuma mangga, has been found to be a potential candidate in the
treatment of benign prostate hyperplasia [4]. DLBS1033, bioactive fraction isolated from earthworm Lumbricus
rubellus, also showed thrombotic and thrombolytic activities which could be used as a promising thrombolytic drug
[5]. Anti-inflammatory, anti-angiogenic and pro-apoptotic activities were revealed in DLBS1442 and DLBS1425,
bioactive fractions of Phaleria macrocarpa fruit, which showed potential treatments of endometriosis and breast
cancer, respectively [6-7].
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Phaleria macrocarpa, locally known as Mahkota Dewa, is one of the plants originating from Indonesia that has been
discovered for its medicinal effects. The complete tree of P. macrocarpa consists of fruit, leaves, flower and stem.
Its ripe fruit shows a red skin and eclipse-shaped fruit with a diameter of 3 cm. Seeds are exist in the fruit, about 1 to
2 seeds per fruit. The seeds are brown, ovoid and anatropous. The leaves show green color with a length of 7-10 cm
and a width of 3-5 cm [8]. The maor chemical constituents of P. macrocarpa fruit are flavonoids, with the presence
of alkaloids, saponins, tannins and terpenoids in much less amounts [9]. From the fruits of P. macrocarpa, various
components have been isolated, including icariside C3, phalerin and mangiferin. The components also exhibited
pharmacological activities[8, 10].

Several parts of P. macrocarpa tree have been known empirically for their medicinal properties. Various researchers
have also scientifically revealed the medicinal properties of P. macrocarpa and its several chemical constituents,
including anti-hyperglycemic, anti-hyperlipidemic, atheroprotective, vasorelaxant, anti-cancer, anti-inflammatory
and nephroprotective properties [6,8-11]. It also previoudy reported that P. macrocarpa extract has an antioxidant
property [8]. Based on the results of previous studies that were focused on the effects of P. macrocarpa on managing
variety of chronic diseases, this article aims to review the effects of P. macrocarpa on lowering blood glucose levels
and cholesterol levels, as well asinterfering other related supporting parameters.

Effect of Phaleria macrocarpa in the management of hyperglycemia

Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion,
insulin action, or both. Several pathogenic processes are ranging from autoimmune destruction of B-cells of pancreas
with consequent insulin deficiency to abnormalities that result in resistance to insulin action [12]. Insulin deficiency
and insulin resistance will result in hyperglycemia due to the absence or abnormality of insulin action to uptake
excessive glucose in the body [13]. Chronic hyperglycemia in diabetes will further lead to long-term damage,
dysfunction and failure of different organs, including eyes, kidneys, nerves, heart and blood vessels [12]. Various
interventions have been done to prevent and control hyperglycemia that attempt to decrease the likelihood of tissues
harmed by hyperglycemia[14].

P. macrocarpa is one of medicinal plants that have been investigated for its effect to manage hyperglycemia. Various
in vivo studies have been done by researchers to investigate the hypoglycemic effect of P. macrocarpa seeds, leaves,
fruits pericarp and whole fruits. In particular, P. macrocarpa was able to reduce blood glucose and plasma insulin
concentration in rats. It also improved glucose tolerance in intraperitoneal glucose tolerance test. The studies have
been done in both normal and diabetic-induced animals [15-16].

Several researchers have performed various studies related to the hypoglycemic effect of P. macrocarpa. Study of
various extracts of P. macrocarpa fruits pericarp was done to evaluate the hypoglycemic and anti-hyperglycemia
effect. The results showed that treatment of methanolic extract of P. macrocarpa fruits pericarp at a dose of 1 g/kg
for 12 days was able to significantly lower blood glucose on streptozotocin-induced diabetic rats by 56.25% and
58.33% compared to diabetic control group and pre-treatment value, respectively (p<0.05). It also lowered plasma
insulin concentration by 75% and 50% compared to diabetic control group and pre-treatment value. It showed that
the lowering effect of plasmainsulin concentration of methanolic extract of P. macrocarpa fruits pericarp was higher
than insulin-treated group [15]. The methanolic extract of P. macrocarpa fruits pericarp was further fractionated and
investigated for its antidiabetic activity. Results showed that n-butanol fraction of P. macrocarpa methanolic extract
treatment for 12 days was able to decrease blood glucose levels by 66.67% compared to control group (p<0.05) and
it was comparable to metformin and glibenclamide treatment group. Study using n-butanol subfraction also revealed
a significant reduction of blood glucose level on glucose tolerance test for 2 hours and repeated treatment for 12
days[16].

In vitro studies were done to investigate the proposed mechanism of action of P. macrocarpa to reduce blood
glucose level. Previous studies have revealed its significant effect to reduce the activity of a-glucosidase, a key
intestinal enzyme involved in the digestion of carbohydrate. Inhibition of a-glucosidase activity will result in
delayed carbohydrate digestion, prolonged overall carbohydrate digestion time, thus it will reduce the rate of glucose
absorption [17-19]. Results of a-glucosidase inhibitory activity evaluation showed that n-butanol extract of P.
macrocarpa fruits pericarp exhibited highest a-glucosidase inhibition by 71.11%. Blood glucose level of various
extracts of P. macrocarpa treatment group also showed no significant differences compared to acarbose treatment
group on oral glucose tolerance test for 3 hours [20]. Acarbose was used as positive control in the previous studies,
since acarbose acted as an a-glucosidase inhibitor that inhibits the digestion and absorption of carbohydrates in
small intestine. Through this mechanism of action, acarbose has the ability to inhibit digestion and absorption of
carbohydrate in small intestine, thus reducing the increase in blood glucose concentration after carbohydrate load
[21].
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Other in vitro study in BRIN-BD11 cell culture, a glucose-responsive clona insulin-secreting cell line, showed
a-glucosidase inhibition activity of ethanol extract of P. macrocarpa fruit at a concentration of 1.5% by 29.22%. The
extract in various concentrations also increased insulin secretion in vitro by 1.3 to 2 folds compared to control in the
presence of high glucose [19]. In addition to P. macrocarpa fruits and fruits pericarp, P. macrocarpa leaf was also
investigated on in vitro intestinal glucose absorption activity by everted intestinal sac technique. Subfraction of
n-butanol extract of P. macrocarpa leaf showed the highest significant a-glucosidase inhibition activity by 86.30%
on intestinal glucose transport compared to control (p<0.05). Glucose absorption level (mg/g tissue weight) of
subfraction of n-butanol extract of P. macrocarpa treatment group on everted intestinal sac examination showed a
significantly low concentration of glucose absorbed compared to control group (p<0.01) and it was lower than
acarbose treatment group [16]. Everted intestinal sac technique is an in vitro method that is commonly used to
evaluate the absorption of a substance by transporter. In the previous study, this method was used in the
measurement of fluid and glucose transport [22-23].

In addition to its potency to lower blood glucose and plasma insulin concentration, P. macrocarpa extracts also
exhibited a protective effect on pancreatic idets. P. macrocarpa leaf extract at a dose of 500 mg/kg was given to
streptozotocin-induced diabetic rats for 14 days and histology examination was done in the end of the study. On
histology examination, it was showed that pancreatic islets of diabetic rats treated with P. macrocarpa extract
revealed better restoration of the size of Langerhans islets and increased number of idet cells aong with p-cells
repair, which was statistically significant compared to diabetic control (p<0.05). Significant improvement was found
in diabetic rats treated with P. macrocarpa extract, which recovered the histology and morphology appearances
closer to non-diabetic group [24].

P. macrocapa extract was also studied for its effect to insulin sensitivity. Result of hyperinsulinemic-euglycemic
clamp technique in rats showed that ethyl acetate fraction of P. macrocarpa extract at a dose of 143 mg/kg has the
activity to increase insulin sensitivity in hyperglycemic mice. Ethyl acetate fraction of P. macrocarpa extract
exhibited highest percentage of increased insulin sensitivity by 18.3%, which was not significantly different to
metformin group. Increased insulin sensitivity was shown by low insulin necessity to control normoglycemic
condition [25]. The hyperinsulinemic-euglycemic clamp technique is commonly used to measure insulin action on
glucose utilization [26].

Effect of Phaleria macrocarpa in the management of dyslipidemia

Dydlipidemia are disorders of lipoprotein metabolism, including lipoprotein overproduction or deficiency. These
disorders may be manifested by elevation of the serum total cholesterol, low-density lipoprotein (LDL) and
triglyceride, and a decreased high-density lipoprotein (HDL) [27-28]. Dydlipidemia has become public health
concern due to the well-established association between lipid concentrations and cardiovascular risk factors. In
addition to lifestyle interventions, medicinal products including pharmaceutical and complementary products are the
most common products that have been used to control dyslipidemia[29].

Several researchers have performed in vivo studies to evaluate the effect of P. macrocarpa in the prevention and
management of dyslipidemia. The parts of P. macrocarpa tree that have been studied for the effect on dydlipidemia
including fruits and leaves. P. macrocarpa was able to reduce cholesterol levels and its components, which consist
of total cholesterol, LDL cholesterol and triglycerides, and increase HDL cholesterol level. It also found to regulate
the levels of various proteins and receptors that are related to cholesterol homeostasis.

Study of hypolipidemic effect of P. macrocarpa fruit infusion was done in hypercholesterolemia-induced male rats
(Rattus norvegicus). P. macrocarpa fruit infusion was administered for 56 days together with high-fat diet. The
results showed that P. macrocarpa fruit infusion treatment at doses equivaent to 194 and 388 mg were able to
significantly lower the percentages of cholesterol levels increment compared to control group (p<0.05). This study
concluded that P. macrocarpa might prevent the increase of cholesterol levels which was caused by high-fat diet
[30]. Aqueous extract of P. macrocarpa fruit was also studied for its effect on various blood lipid parameters.
Treatment of P. macrocarpa at doses of 20 and 30 mg/kg body weight in hypercholesterolemia-induced
Sprague-Dawley rats for 84 days showed significant reductions of total cholesterol, LDL cholesterol and triglyceride
levels (p<0.05) by 36% and 35%, 38% and 24%, 66% and 71%, respectively [31]. Other study was also found to
affect blood lipid parametersin rabbits. LDL cholesterol was decreased by 6.8% and HDL cholesterol was increased
by 15.9% compared to baseline level after treatment of P. macrocarpa extract for 4 weeks at a dose of 35 mg/1.5 kg
body weight. There was an increased level of triglyceride by 3.5% in treatment group. However, increased
triglyceride level in treatment group was lower than that in control group [32].

In addition to P. macrocarpa fruit extract, extract of P. macrocarpa leaves was also investigated for its activity
against blood lipid parameters. Treatment of P. macrocarpa at a dose of 0.5 mg/kg body weight in
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hypercholesterolemia-induced Sprague-Dawley rats for 14 days showed a significant reduction on total cholesterol
level by 224.9% compared to cholesterol group (p<0.05). In this study, HDL cholesterol level was also increased
significantly by 239% compared to cholesterol group (p<0.05) [33].

In vivo studies were also done to evaluate the activity of cholesterol-related proteins. Treatment of P. macrocarpa
fruit extract at a dose of 20 mg/kg showed a significant increase in the levels of hepatic LDL receptor (LDL-R) (160
kDa and 120 kDa) and proprotein convertase subtilisin kexin type 9 (PCSK9) by 115%, 97% and 33%, respectively
(p<0.05) [31]. LDL-R and PCSK9 are proteins that play important roles in regulating cholesterol homeostasis.
LDL-R is a cell membrane protein essential for the uptake of LDL cholesterol and the regulation of plasma
lipoprotein levels. Increased LDL-R levels would increase the binding of LDL particles to LDL-R followed by
internalization into the peripheral cells via receptor-mediated endocytosis, thus it is closely related to a decreased
number of circulating LDL particles [31,34]. PCSK9 is a protease that regulates the degradation of LDL-R. The
binding of PCSK9 and LDL-R initiates the receptor-mediated endocytosis pathway, then the complex is routed to
lysosomes and degraded, regulating cell surface of LDL-R [31].

Results of previously explained in vivo studies were also supported by severa in vitro studies on cholesterol-related
genes. In vitro study was done to evaluate LDL-R and PCSK9 protein levels and mRNA expression using HepG2
cells. Western blot analysis showed that LDL-R level in HepG2 cells was significantly increased by the presence of
P. macrocarpa (p<0.05) and maintained LDL-R level similar to control group. PCSK9 levels on HepG2 cells were
also increased by the presence of P. macrocarpa [31]. The effect of P. macrocarpa extract treatment on scavenger
receptor class B type | (SR-BI) in vitro was evaluated by other researcher. Treatment of P. macrocarpa leaves extract
on HepG2 cells exhibited higher expression of SR-BI gene and produced higher transcriptional activity of SR-BI
promoter compared to untreated samples. P. macrocarpa extract at a concentration of 12.5 ug/ml produced the
highest increase of SR-BI promoter activity up to 95% of rosiglitazone sample as the positive control at a
concentration of 12.5 ug/ml [33]. SR-BI isa protein that plays an important role in mediating the selective uptake of
HDL-derived cholesterol and cholesteryl ester (CE) in the liver and steroidogenic tissues. It was well established
that HDL plays an important role in reverse cholesterol transport (RCT) by removing plasma CE as well as
accumulated CE aong the lining of blood vessels to the liver, thus, increased HDL cholesterol levels has beneficial
effectsto reduce the risk of atherosclerosis[33,35].

Other cholesterol-related genes and proteins that have been investigated by other researchers including cholesteryl
ester transfer protein (CETP). In vitro CETP gene expression measurement was done in mRNA and protein levels. P.
macrocarpa treatment was given to HepG2 cells in various concentrations and it was then analyzed using CETP
inhibitor drug screening kit. Investigation using PCR showed that P. macrocarpa treatment was able to decrease
CETP gene expression at mRNA level in a dose-dependent manner. These results were also supported by decreased
CETP gene expression at protein level that was analyzed using Western Blot technique. Western Blot analysis results
showed that P. macrocarpa treatment was able to decrease CETP protein excreted by HepG2 cells to the medium.
Theresults at protein level were in accordance to the analysis results at mRNA level, which showed a reduced CETP
expression. It was aso in accordance to the result of in vivo study, which also exhibited a decreased activity of
CETP by 0.3% [32]. CETP is a plasma protein that mediates the exchange of CE in HDL to triglycerides in
proatherogenic apolipoprotein B-containing lipoproteins, including VLDL, VLDL remnants, IDL and LDL particles.
Decreased CETP activity is closely associated to increased HDL levels and decreased LDL levels, a profile which is
known for its antiatherogenic effect [36].

Evaluation was also done on various genes which are involved in cholesterol transport process, including liver X
receptor alpha (LXR-a) and sterol regulatory element binding protein-1 (SREBP-1). P. macrocarpa treatment on
HepG2 cells caused a decreased expression of both genes[36]. LXR-a isa nuclear hormone receptor which induces
CETP transcription and maintain the reverse cholesterol transport process. It regulates cholesterol and fatty acid
metabolism in liver tissues and macrophages. In the liver, LXR-a mediates cholesterol metabolism by inducing
SREBP-1 gene expression. Therefore, decreased LXR-o gene expression will also decrease SREBP-1 gene
expression [36-37]. SREBP-1 also plays an important role as lipid synthetic transcription factors especialy for
cholesterol and fatty acid synthesis. It is a transcription factor which regulates cholesterol synthesis by activating
other genes, including CETP. Decreased SREBP-1 gene expression will further decrease CETP gene expression that
leads to decreased CETP activity, thus reduced LDL levels and increased HDL levels[36, 38].

In addition to its effect on blood cholesterol levels and its components and cholesterol-related proteins and genes,
the constituent of P. macrocarpa, icariside C3, was also exhibited vasorelaxant activity on previous study. The study
was done ex vivo on isolated aorta of male Wistar rat that was given noradrenaline to induce vasoconstriction before
treatment. Icariside C3 exhibited a moderate vasorelaxant activity against noradrenaline-induced vasoconstriction on
isolated aorta of male Wistar rat [10].
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Nephroprotective effect of Phaleria macrocarpa

Study has been done to investigate the nephroprotective effect of P. macrocarpa. Study was done on alloxan-induced
diabetic rats. The diabetic milieu was resulted in the development of severe hyperglycemia and reduced glomerular
filtration rate similar to diabetic nephropathy. It further resulted in the increase of vascular endothelial growth factor
(VEGF) and transforming growth factor-a (TGF-o)), which play important roles in the pathogenesis of diabetic
nephropathy. Rats treated with methanolic and aqueous extracts of P. macrocarpa fruit showed significant
reductions of glomerular VEGF expression compared to metformin-treated group (p<0.01), and there were no
significant differences between methanolic and aqueous extract of P. macrocarpa fruit treatment. VEGF is a signal
protein which acts as the main regulator of blood vessel growth and plays an important role in promoting endothelial
survival and maintaining the microvasculature. Decreased VEGF will be resulted in decreased proliferation of
endothelial cells and also decreased apoptosis, thus it inhibits the loss of renal cells [11,39,40]. The study aso
showed a significant reduction of glomerular TGF-a. expression in rats treated with methanolic extract of P.
macrocarpa fruit compared to metformin-treated group (p<0.01). Lowest level of TGF-a expression is shown by
treatment group of methanolic extract of P. macrocarpa fruit, as well as normal rats. TGF-a. is a gene that encodes a
growth factor which is a ligand for the epidermal growth factor receptor, which activates a signaling pathway for
cell proliferation, differentiation and development. Decreased TGF-a expression will inhibit cell proliferation and it
further inhibits the progression of diabetic nephropathy [11, 41].

CONCLUSION

Phaleria macrocarpa has been proved to be a promising agent to manage chronic diseases, especially those related
to hyperglycemia, dyslipidemia and renal disorders. It helps to lower and maintain blood glucose levels through
inhibiton of a-glucosidase. P. macrocarpa aso helps to improve and maintain blood lipid profile through regulation
of protein and gene expression related to cholesterol transport and homeostasis. Nephroprotective effect of P.
macrocarpa was revealed by reduction in gene expressions that regulate angiogenic and cells proliferation. Effects
of P. macrocarpa through various parameters and pathways make it highly favorable to be developed as the
treatment of cardiovascular and metabolic diseases risk factors, especially hyperglycemia, dyslipidemia, as well as
protecting the kidneys. However, further study, especially clinical study needs to be done further to ascertain its
efficacy and safety in the management of cardiovascular and metabolic diseases.
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