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Current research on drug development has emphasized on traditional uses of herbal
constituents which were practiced in ancient times. Many parts of Feronia limonia were
prescribed for diseases in ancient medicine of Asia. Recently, the active constituents of the
fruit pulp have been studied extensively to support the traditional uses. The most important
pharmacological actions of the fruit pulp are antioxidant and anticancer activities. These
effect may be attributed to its high phenol contents. In-vivo and in-vitro studies of
pharmacological effects of the fruit pulp have provided scientific knowledge on its potential
use in many diseases such as liver failure, myocardial infarct, ischemic stroke, renal failure,
diabetic mellitus and gastric ulcers. This review focuses on pharmacological and medicinal
properties of Feronia limonia fruit pulp in prevention and treatment of various diseases. The
information was gathered from articles which have been published in international journals
and which are available online. The outcome of this review provides concise knowledge on
pharmacological effects and possible mechanisms which are essential for developing
therapeutic uses of the fruit pulp. It can be concluded that Feronia limonia fruit pulp has
various pharmacological actions which can be utilized in treatment of many diseases if the
active constituents for respective actions are identified in the future.
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INTRODUCTION

Feronia limonia (Limonia acidissima Linn, Schinus limonia Linn, or Feronia elephantum) is a moderate-sized tree which
belongs to the family Rutaceae. It is widely distributed in Asia particularly India, Sri Lanka and Myanmar. It has different names in
different regions such as Kaitha in Hindi, Thakaka in Myanmar, wood apple in English and Kavita in Bangladesh. Many parts of the
tree such as leaves, barks, fruits, roots and gums have been prescribed in traditional medicine for many ailments [1]. In recent years,
researchers took interest in the pharmacological roles of fruit pulp of Feronia limonia.

Phytochemical and spectroscopic analysis of ripe fruit of Feronia limonia has stated the presence of carbohydrates, steroids,
flavonoids, tannins, glycosides, saponins, alkaloids, phenols, acidic compounds [2-4]. According to chemical analysis, 2.43% protein,
42.2% carbohydrate, 29% lipid, 85% moisture, 11.52% fiber and 8.5% ash are present in the fruit pulp [5]. The fruit pulp contains
higher amounts of proteins and carbohydrates as compared with other parts of the tree [6]. Tyramine derivatives, coumarins, luteolin
and flavone glycoside have been identified and isolated from the fruit of Feronia limonia [7-11].

The potential use of the fruit pulp in medicine is challenging. In vivo and in vitro studies have supported the ancient use of
Feronia limonia in various diseases. However, the medicinal properties of the fruit pulp has not been reviewed systematically in
literature. This purpose of this article is to review the pharmacological and medicinal properties of Feronia limonia fruit pulp, which
have been reported in recent researches. This review supports the traditional use in Ayurveda medicine and contribute systematic
information on therapeutic potential for the diseases.

Antioxidant properties

Feronia limonia fruit extracts become interested for antioxidant properties. Dietary intake of 3% dry powder for one to two
months increased the activities of antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPx) and
glutathione S-transferase (GST) and reduced lipid peroxidation in serum, hepatic and muscle tissues of Cyprinus carpio fish models.
The effect on SOD activity was more marked in the liver while activation in GPx and GST by the extract was prominent in the muscle
[12].

Although different types of extracts (methanol, water, ethyl acetate and chloroform-based) have been stated to have
antioxidant activities, methanol extract is the most effective against DPPH (2,2-Diphenyl 1-Picylhydrazyl) radicals and hydroxyl
radicals. Methanol extract has the highest TEAC (Trolox Equivalent Antioxidant Capacity) value, FRAP (Ferric Reducing
Antioxidant Power), TAA (Total Antioxidant Activity) as compared with other kinds of extracts. On another hand, water extract of the
fruit is the most powerful scavenger against nitric oxide compared with other extracts [5]. Hydroxyl radical scavenging and metal
chelating effects of the fruit pulp were inferior to those of rind and leaf extract respectively [13].

Antioxidant action of Feronia limonia fruit alleviates oxidative stress in different organs. Carbon tetrachloride (CCl,)
induced oxidative stress in testicular tissues of rats was indicated by decline in CAT, SOD, GSR, GST and GSH, and increased H,0,
and TBARS in tissue homogenates. Treatment with 100mg/kg and 400mg/kg of methanolic extract for 7 days significantly attenuated
oxidative markers and enhanced antioxidant enzyme activities [14]. Similarly, CCl, induced oxidative stress in hepatic tissues was
tempered by oral intake methanolic extract of the fruit [15]. Feronia limonia also raised glutathione level and lessened oxidative
stress in paracetamol poisoning [16]. In the study of llango and Chitra (2009), the extract was found to reverse the oxidative stress in
pancreatic homogenate of alloxan-induced diabetic rats [17].

Antioxidant property of Feronia limonia fruit pulp is mainly due to its high phenol content although it also contains ascorbic
acid in lesser amount [18]. Methanol extract of fruit pulp contains 76.77 to 351.45 mg GAE/g at concentrations ranging from 1.25 to
10 mg/ml. Total phenol content has strong positive correlations with DPPH scavenging (r=0.98), ABTS (r=0.99) and TAA (r=0.98)
[19].

Anticancer properties

Methanolic extract of Feronia limonia was shown to have anticancer effects. It promoted percent cell death, percentage
increase in life span and prolonged mean survival time in mice with Dalton’s ascitic lymphoma. Feronia limonia methanolic extract
not only reduced tumor cell growth but it also decreased solid tumor volume and percentage increase in solid tumor (%IST). These
may be attributed to cytotoxic and anti-proliferative properties of Feronia limonia. Interestingly, restoration of hematological
parameters (rise in hemoglobin and red cell count, and fall in WBC count) indicated that Feronia limonia extract is not associated with
myelosuppression, which is a major problem encountered in some chemotherapy [2].

Luteolin isolated from the fruit pulp was proved to possess apoptosis-inducing and cytotoxic effects. Treatment with 50pg/ml
and 100pg/ml of the extract reduced number of cell viability and induced apoptosis in human hepatocellular carcinoma (HepG2) cell
lines. Cytotoxic action of luteolin was comparable with that of vincristine. The maximal anti-cancer effect was observed as 1Cs, 48.23
% inhibition at 100ug/ml of the extract [20].

The cytotoxic action of Feronia limonia on human lung cancer H460 cell line was observed by Tripathy and colleagues in
2016. Methanolic extract had an ICs, of 46.21%. With the extract concentration ranging from 40 to 160 pg/ml, there was no evidence
of hemolysis, which is one of limiting factors to use natural products as chemotherapy [21].

Anti-mutagenic actions were observed mainly in phenolic glycosides followed by ester-bound and free phenolics of Feronia
limonia. Anticyanidins which is released in acid hydrolysis of fruit pulp are responsible for anti-mutagenic action. In addition, anti-
mutagenic effect of Feronia limonia extract is strongly correlated with total phenol contents [3].
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Ethanolic extract of Feronia limonia arrests the cell cycle of tumor cells. 160ug/ml of the extract was able to block S phase
by reducing S phase population from 12.89 to 7.19% in breast cancer cell line SKBR3. Cell cycle of breast cancer MDA-MB-435 was
susceptible to G2/M blockage from 24.41 to 45.65% by a concentration of 120ug/ml of ethanolic extract compared with control [22-
23].

Cytotoxic action of Feronia limonia exhibits a dose-dependent manner [24]. In-vitro treatment of breast cancer cell line
MCEF-7 with different concentrations of methanolic extracts of Feronia limonia significantly suppressed cancer cell growth in a dose-
dependent way with the maximal inhibition of 79.69% at 1,000ug/ml of the extract [25].

Previous in-vivo and in-vitro studies indicated that Feronia limonia is a potential chemotherapeutic agent against breast
cancers, lung cancers and lymphomas, and supported the ancient of the fruit in the treatment of cancers. However, additional
purification of specific compounds of the fruit pulp is needed to widen its use against cancers.

Antidiabetic and antihyperlipidemic properties

Studies have reported Feronia limonia has a significant hypoglycemic effect in-vivo. A single dose of Feronia limonia
extract lowered blood glucose level in normal fasted state and normal fed state, and in diabetic condition [26-27]. Histological analysis
of the pancreas after a single administration of the extract suggested that the extract lowered blood glucose level by induction of
insulin secretion because the degranulation in beta cells were observed [26].

Daily intake of the extract of Feronia limonia fruit pulp improved glycemic status significantly in animal models with
diabetic mellitus in 3 to 4 weeks. The results were comparable with those of metformin and sulfonylurea. As antidiabetic effect of
Feronia limonia extract was inferior to standard treatment (Metformin and sulfonylurea), isolation of the moiety which is the most
responsible for antidiabetic action is still required for potential therapeutic use [17, 27-30].

Antidiabetic effect of the extract could be explained by increased insulin secretory granule synthesis and increased secretion
of insulin, restoration of pancreatic antioxidant enzyme activities (superoxide dismutase, catalase), reduction of oxidative stress
(MDA), decline in activity of glucose 6-phosphatase and stimulation of hepatic hexokinase activity and increased glycogen content
[17,31].

Diabetic mellitus is usually associated with abnormal lipid profile. Feronia limonia fruit extract lowers total cholesterol,
triacylglycerol, LDL and VLDL levels, and raises HDL level in diabetic mellitus [29,31]. The antihyperlipidemic effects can be
explained with different mechanisms. Saponins and phytosterols can inhibit pancreatic lipase and reduce intestinal absorption of
lipids. Fibers of the extract can lower LDL level. In addition, flavonoids and ascorbate increases HDL and decrease LDL [31].

Anti-inflammatory, analgesic and antipyretic properties

Methanolic extract of Feronia limonia fruit has anti-inflammatory, analgesic and antipyretic activities. Ahamed and
colleagues (2008) reported that the extract significantly inhibited carrageenan-induced paw edema and cotton pellet granuloma
formation in animal models. It was shown to be dose-dependent and comparable with the effects of ibuprofen. It may be suggested
that the mechanism of inhibition is likely at the level of lipooxygenase enzyme without affecting cyclooxygenase enzyme as the
extract failed to suppress arachidonic acid induced paw edema like indomethacin. The extract was able to reduce acetic acid induced
writhing and unable to exert analgesic effect on hot plate induced pain in mice. Thus, the analgesic property of Feronia limonia is the
same as non-narcotic analgesics. In addition, the extract had a significant reduction of pyrexia in animals induced with Brewer’s yeast
[32].

Immunomodulatory properties
Methanolic extract of the fruit also has immunomodulatory funcitons. It can enhance phagocytic action of macrophages,
activate lysosomal enzymes and accelerate proliferation of splenocytes [33].

Wound healing properties

Topical and oral administration of Feronia limonia fruit extract accelerates wound healing. According to experimental study,
the possible mechanisms are increased wound contraction, rise in hydroxyproline content, accelerated granulation tissue formation,
increased fibroblasts and fibrosis, and increased activities of antioxidant enzymes [34].

Hepatoprotective properties

Feronia limonia has been used as liver diseases in Asia for centuries. Many studies have reported that the extract of fruit pulp
has both hepatoprotective and curative activities against hepatotoxicities [16].

In paracetamol overdose, accumulation of NAPQI (N-Acetyl P-Benzoquinoimine) induces oxidative stress and subsequent
membrane damage, and hepatocyte necrosis. Treatment with Feronia limonia extract (300-400 mg/kg for 10 days) after toxicity
increased hepatic antioxidant enzyme activities and restoration of raised liver enzymes in experimental animals with paracetamol
toxicity. Histological features of the liver were consistent with regeneration and recovery of damaged liver parenchyma [16,35]. It
may be due to replenishment of reduced glutathione (GSH) which is essential to metabolize NAPQI as dietary intake of Feronia
limonia fruit powder can raise hepatic GSH level [36].
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Similarly, Feronia limonia extract protects against damaging effects of carbon tetrachloride (CCl,). Underlying mechanisms
seem to be activation of antioxidant enzymes (SOD, catalase etc.), membrane stabilization and regeneration of hepatocytes according
to biochemical and histological results [34,37-38]. Ferolactone (furanocoumarin described as monoterpenoid-5-methoxy
furanocoumarin lactone) from the fruit pulp has been reported to have a significant anti-hepatotoxic effect against CCl, induced liver
damage [39]. Feronia limonia fruit powder also protects fluoride-induced oxidative damage in mice [36].

Neuroprotective properties

Methanolic extract of Feronia limonia may be a potential therapeutic for ischemic induced brain injury. Rakhunde and
coworkers determined neuroprotective effects of methanolic extract on ischemia reperfusion induced brain injury in mice.
Neurological behaviors such as motor performance were significantly improved by administration of 500mg/kg BW of ethanolic
extract. In addition, total nitrite and lipid peroxidation were suppressed and antioxidant enzyme activities such as SOD and catalase
were activated by the intake of Feronia limonia extract [40].

Nephroprotective and diuretic properties

Vasant and Narasimhacharya (2011) investigated the effect of Feronia limonia fruit powder on fluoride-induced oxidative
stress in rats. Sodium fluoride led to increased oxidative stress in renal tissues as there were a rise in TBAR and a fall in TAA, SOD,
CAT, GSH and GPx activities. Feronia limonia fruit powder showed a dose-dependent improvement in antioxidant activities and
reduction of lipid peroxidation in renal tissue homogenate. 10g% dose was found to be more effective than 2.5 g% and 59% extract
powder [36].

Animal studies demonstrated that 200 to 400 mg/kg p.o. for 21 days reduced serum creatinine and blood urea nitrogen (BUN)
in alloxan-induced diabetic rats. It also raised serum total protein level suggesting that it might suppress proteinuria in diabetic state
[17].

Methanolic extracts of Feronia limonia fruit obtained via the Microwave-assisted extraction (MAE) and Bath Sonicator
extraction (BSE) had diuretic effect on experimental mice. Single dose of 50%w/w p.o. significantly increased urine output 5 hours
after administration. Urinary excretions of sodium, potassium and chloride ions were also enhanced. The diuretic action of Feronia
limonia fruit was comparable with that of furosemide and supports the traditional use of the fruit as a diuretic [41].

Cardioprotective properties

Manohar and coworkers (2016) determined cardioprotective effects of Feronia limonia on Isoproterenol-induced myocardial
infarct in rats. 200 to 400 mg/kg BW of ethanolic extract of Feronia limonia fruit pulp significantly reduced creatinine phosphokinase
(CK) and lactate dehydrogenase (LDH) in the blood, while it activated SOD and CAT activities in myocardial homogenate [42].
These findings suggest cardioprotective property of the fruit pulp in myocardial infarct, which may be attributable to antioxidant
properties of phenols in Feronia limonia fruit.

Anti-asthmatic properties

Feronia limonia has been reported to have anti-asthmatic action. Treatment with ethanolic extract relaxed tracheal chains of
guinea pigs in-vitro study. It exhibited a concentration dependent manner. However, 1 g/100 ml of ethanolic extract had relaxant
action which was significantly inferior to that of theophylline [43]. Proper identification of the compounds in the extract which have
anti-asthmatic action are under investigations.

Antibacterial properties

Methanol extract of Feronia limonia has antibacterial action on various clinical pathogens. In the study of Hossain (2013),
Salmonella paratyphi B and Salmonella paratyphi showed maximal zone of inhibition as compare with other organisms. However, the
effect was inferior to that produced by Kanamycin used as a standard [24].

Ponnuraj and coworkers (2015) reported on the dose-dependent inhibition of methanol extract on Gram positive and Gram
negative bacteria and 500mg/ml was the concentration responsible for maximal inhibitions. Surprisingly, the efficacies against
Salmonella typhi and Vibrio cholera were the same at 100 to 500mg/ml. there was no inhibitory effect on Bacillus cerius at lower
concentrations [4].

Among Gram positive bacteria, Staphylococcus aureus was more susceptible to the extract while Klebsiella pneumoniae was
more sensitive than other Gram negative microorganisms [44].

Among the different parts of Feronia limonia tree, fruit pulp extract was shown to have greater antibacterial action than other
parts such as bark, leaves, roots etc. [6].

Antibacterial action of the fruit has created the hope that it can be used as an alternative in treatment of antibiotic resistant
bacteria. However, as there as many phytochemicals in the fruit extract, identification and isolation of proper antibacterial component
is still needed.
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Antiulcer properties

Mishra and colleagues (2009) investigated the effect of Feronia limonia extract on indomethacin-induced ulcers in albino
rats. Pretreatment with 500mg/kg ethanolic extract reduced gastric ulcer risks in rats after intraperitoneal administration of
indomethacin. Though the effect of the extract was lower than that of ranitidine, it was proved to have antiulcer activity by means of
suppression of gastric acid secretion and raising gastric pH. Their study supported the indigenous use of Feronia limonia to treat
peptic ulcer in folk medicine [45].

Antispermatogenic and antisteoroidgenic properties

Feronia limonia fruit extract has been described as antispermatogenic and antisteroidogenic in animal models. It decreased
epididymal sperm count, motility, viability, epididymal and testicular protein content. It reduced the activities of glucose 6-phosphate
dehydrogenase and A°-3B-hydroxy steroid dehydrogenase. However, reversibility was confirmed 5 days after treatment withdrawal.
These findings support the indigenous utilization of Feronia limonia fruit pulp as male contraceptive [46].

CONCLUSION

The pharmacological properties of Feronia limonia fruit pulp have been studied extensively in recent years. The findings of
these studies support the traditional use of the fruit pulp in various ailments. However, the active ingredients which exert respective
pharmacological actions need to be identified and isolated so that the fruit pulp may be used in medical treatment in the future. It is
recommended that other parts of Feronia limonia such as leaves and bark should be reviewed for their potential therapeutic uses.
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Abbreviations

ABTS :2, 2°-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
BSE :Bath Sonicator extraction

BUN  :Blood urea nitrogen

BW :Body weight

CAT  catalase

CCl,  :Carbon tetrachloride

CK :Creatinine phosphokinase

DPPH :2,2-Diphenyl 1-Picylhydrazyl radicals
FRAP  :Ferric Reducing Antioxidant Power

g :Gram

GAE :Garlic acid equivalent

GPx :Glutathione peroxidase

GSH  :Reduced glutathione

GSR  :Glutathione reductase

GST :Glutathione S-transferase

H,O, :Hydrogen peroxide

HDL  :High density lipoprotein

I1Cso :Half maximal inhibitory concentration
IST :Increase in solid tumor
kg :Kilogram

LDH :Lactate dehydrogenase

LDL  :Low density lipoprotein

MAE :Microwave-assisted extraction
MDA  :Malondialdehyde

Mg :Microgram

mg :Milligram

ml :Milliliter

NAPQI :N-Acetyl Para-benzoquinoimine
p.o. :Per oral

SOD  :Superoxide dismutase

TAA  :Total Antioxidant Activity

TBARS :Thiobarbituric acid reactive substances
TEAC :Trolox Equivalent Antioxidant Capacity
VLDL :Very low density lipoprotein

wiw :Weight by weight, WBC :White blood cell
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