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Abstract
This study sought to assess the effects of bitter gourd leaf extracts (methanol and aqueous) on enzyme linked with hypertension
(angiotensin-I-converting enzyme and some pro-oxidants (iron sulfate, sodium nitroprusside, and cisplatin]–induced lipid per-
oxidation in rat kidney homogenates. Chromatographic analysis of the extract was done using high-performance liquid chro-
matography–diode array detection. The results revealed that methanol extract (IC50 ¼ 109.63 mg/mL) had significantly (P < .05)
higher angiotensin-I converting enzyme inhibitory activity than aqueous extract (IC50¼ 182.95 mg/mL). Similarly, methanol extract
had significantly (P < .05) higher inhibitory effect on Fe2þ- and cisplatin-induced lipid peroxidation than aqueous extract. However,
there was no significant (P > .05) difference in the inhibition of sodium nitroprusside–induced lipid peroxidation of both extracts.
High-performance liquid chromatography–diode array detection analysis revealed the presence of quercetin, caffeic, gallic, and
chlorogenic acids in the leaf. Thus, inhibition of angiotensin-I converting enzyme activity and the antioxidant properties of the
extracts could be linked to the presence of phenolic phytochemicals.
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Recent reports have revealed that hypertension is the fourth

major cause of premature death in the world and its prevalence

is rapidly increasing.1,2 Hypertension, also known as high

blood pressure, is a risk factor for cardiovascular diseases and

a long-term complication of type 2 diabetes.3 Pathophysiolo-

gical factors such as deficiency of vasodilators like nitric oxide

(NO), increased or inappropriate renin secretion with resultant

increased production of angiotensin II and oxidative stress have

been linked to the development of hypertension.4

Oxidative stress is known to play a significant role in the devel-

opment of hypertension.5 Overproduction of reactive oxygen spe-

cies in cells may overwhelm its antioxidant capacity, thereby

inducing various physiological responses that are capable of raising

the blood pressure.6 Beg et al4 reported that oxidative damage to

the renal cells may lead to renovascular injury which may subse-

quently induce hypertension and mediates cardiovascular

pathologies. Furthermore, elevated levels of superoxide anions,

hydrogen peroxide and reduced synthesis of NO have been
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discovered in hypertensive patients.4,7 In this condition, reactive

oxygen species may react with NO to form peroxynitrite, which

may subsequently cause oxidative damage to cells, impair NO

pathway and decrease the bioavailability of NO.5,6

Angiotensin II is a potent vasoconstrictor capable of contract-

ing blood vessel and stimulating the production of vasopressin

and aldosterone.8 Angiotensin II is formed from angiotensin I via

a reaction catalyzed by angiotensin-I-converting enzyme (ACE)

in the renin-angiotensin system. It has also been reported to

induce the release of reactive oxygen species by activating the

reduced form of nicotinamide adenine dinucleotide phosphate

(NADPH) and NADP oxidase in the smooth vascular muscles.6,8

Modern therapeutic approach for the management and treatment

of hypertension and hypertension induced-renal damage involves

the inhibition of ACE and dietary phenolic compounds and fla-

vonoids in plants have shown promising potentials.9,10

Bitter gourd (Momordica charantia L) is a common herb

usually consumed as vegetable for medicinal purpose in differ-

ent parts of the world, including Asia, Africa, the Caribbean,

Central America, and South America.11 Bitter gourd contains

several bioactive components and has been identified by

researchers to play a major role in the treatment of various

human ailment including malaria, menstrual disorder, dysen-

tery, leucorrhoea, hemorrhoid, hypoglycemia, jaundice,

tumors, wounds, and antiviral diseases such as measles hepa-

titis, feverish conditions.11,12 Bitter gourd has been well studied

and several mechanisms of action have been proposed espe-

cially for its antidiabetic properties.13 However, there is dearth

of information on its antihypertensive and renoprotective

potentials coupled with the possible mechanism of action.

Plant phenolics have attracted a lot of attention in the past

two decades because of their interesting biological effects.14 In

addition, most of the biological actions of plants and plant

foods have been linked to the phenolic composition rather than

the ascorbic acid and tocopherol.15 Thus, this study seeks to

characterize the phenolic constituents of bitter gourd extract,

assess their inhibitory effects against ACE (enzyme linked to

hypertension), and determine their antioxidative and renopro-

tective properties in vitro.

Materials and Methods

Materials

Plant Material and Authentication. Freshly matured bitter gourd

leaves of about 12 to 15 cm long were harvested from the botanical

garden of Federal University of Technology, Akure and authenticated at

the Biology Department, Federal University of Technology, Akure,

Nigeria with voucher number (FUTA/BIO/0125). The leaves were sepa-

rated from the stem, and washed under running tap water to remove any

unwanted materials. The leaves were cut into pieces, air dried at room

temperature, ground into powder using a laboratory blender, sieved by

passing through 60 mesh sieve and stored in air tight container. Unless

stated otherwise, all other chemicals and reagents used were of analy-

tical grades and the water was glass distilled. A JENWAY UV-visible

spectrophotometer (Model 6305; Jenway, Barlo World Scientific, Dun-

mow, United Kingdom) was used to measure the absorbance.

Sample Preparation

Aqueous Extract Preparation. The aqueous extract of the leaves was

prepared according to the modified method of Molehin and Adefe-

gha.16 Five grams of the bitter gourd leaves were soaked in 100 mL of

distilled water for about 16 hours; the mixture was spanned at 1914 �
g, filtered, and the filtrate was kept in a freezer for 24 to 36 hours. The

dried extract was recovered using a freeze drier. The extract was later

reconstituted in water for subsequent analysis.

Methanol Extract Preparation. The methanol extract of the leaves

were prepared in line with the modified method of Molehin and Ade-

fegha16 for ethanol extraction. Five grams of the powdered bitter

gourd leaves were soaked in 100 mL of methanol for about 16 hours

in an air-tight container; the mixture was centrifuged, filtered, and the

filtrate was evaporated under pressure at 40�C using a rotary evapora-

tor. The dried extract obtained was reconstituted with distilled water

for subsequent analysis. All the extracts were stored in a sealed vial at

þ4�C for further analysis.

Enzyme Inhibition Assay

Angiotensin-I Converting Enzyme Inhibition Assay. The ACE inhibi-

tory activity by the extracts was measured according to the method of

Cushman and Cheung.17 Different concentrations (50-200 mg/mL) of

the extract and 50 mL of rabbit lungs ACE (EC 3.4.15.1) solution

(4 mU/mL) were preincubated at 37�C for 15 minutes. Thereafter,

enzymatic reaction was initiated by adding 150 mL of 8.33 mM of

ACE substrate (hippuryl-L-histidyl-L-leucine) in 125 mM Tris-HCl

buffer (pH 8.3) to the reaction mixture and incubated at 37�C for 30

minutes. The reaction was terminated by adding 250 mL of 1 M HCl.

The hippuric acid (Bz-Gly) produced by the reaction was extracted

with 1.5 mL ethyl acetate. The mixture was then centrifuged to sep-

arate the ethyl acetate layer, after which the 1 mL of the ethyl acetate

layer was transferred to a clean test tube and evaporated to dryness.

The residue was redissolved in distilled water and its absorbance was

measured at 228 nm. The average value of triplicate reading were

taken and used to calculate the ACE inhibition and expressed as per-

centage inhibition using the following formula:

% Inhibition ¼ ½ðAbsref�AbssamÞ=Absref � � 100:

where Absref is the absorbance without the essential oil and Abssam is

the absorbance of the extracts.

Handling of Experimental Animals. Five adult male Wistar strain

albino rats weighing 180 to 210 g were purchased from the animal

breeding colony of Animal Production and Health, Federal Univer-

sity of Technology, Akure. Their handling was in accordance with

the Guide for Care and Use of Laboratory Animals prepared by the

National Academy of Science and published by the National Insti-

tutes of Health, United States.18 The rats were kept for 14 days to

acclimatize and were maintained at room temperature under labora-

tory conditions with access to standard animal feed and water ad

libitum.

Lipid Peroxidation Assay. The rats were decapitated under mild diethyl

ether anesthesia and dissected. The kidneys were rapidly isolated,

placed on ice pack, weighed, and subsequently homogenized in cold

saline (1/10 w/v) with about 10-up-and-down strokes at approximately

172 � g in a Teflon glass homogenizer. The homogenate was
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centrifuged for 10 minutes at 3000 � g to yield a pellet that was

discarded, and a low-speed supernatant that was kept for lipid perox-

idation assay. One hundred microliters of the supernatant was mixed

with a reaction mixture containing 30 mL of 0.1 M Tris-HCl buffer (pH

7.4), extracts (0-100 mL) and 30 mL of the 250 mM of iron(II) sulfate

solution (similar procedure was carried out for 7 mM sodum nitroprus-

side [SNP] and 1 mM cisplatin). The volume was made up to 300 mL

with distilled water before incubation at 37 C for 2 hours. The color

reaction was developed by adding 300 mL of 8.1% sodium dodecyl

sulfate to the reaction mixture containing the homogenate, followed

by the addition of 600 mL of acetic acid/HCl (pH 3.4) and 600 mL of

0.8% thiobarbituric acid. This mixture was incubated at 100�C for 1

hour. The absorbance of thiobarbituric acid reactive species produced

were measured at 532 nm. Malondialdehyde produced was expressed

as % control.19,20

Antioxidant Assays

Determination of Total Antioxidant Capacity. The total antioxidant

capacity of the extracts was determined based on 2,2-azinobis

(3-ethylbenzothiazoline-6-sulfonate radical (ABTS*) scavenging abil-

ity of the extracts according to the method described by Re et al.21 The

ABTS* was generated by reacting an (7 mmol/L) ABTS aqueous

solution with K2S2O8 (2.45 mmol/L, final concentration) in the dark

for 16 hours and adjusting the absorbance at 734 nm to 0.700 with

ethanol. Appropriate dilution of the extracts was added to 2.0 mL

ABTS* solution and the absorbance were measured at 734 nm after

15 minutes. The trolox equivalent antioxidant capacity (TEAC) was

subsequently calculated.

Nitric Oxide Scavenging Ability. The scavenging effect of the extract

on nitric oxide radical (NO*) was measured according to the method

of Mercocci et al.22 One hundred to 400 mL of the extracts were added

in the test tubes to 1 mL of SNP solution (25 mM) and tubes were

incubated at 37�C for 2 hours. An aliquot (0.5 mL) of the incubated

mixture was removed and diluted with 0.3 mL Griess reagent

(1% sulfanilamide in 5% H3PO4 and 0.1% naphthlethylenediamine

dihydrochloride). The absorbance of the chromophore formed was

immediately measured at 570 nm against the blank (distilled water).

The NO* scavenging ability was subsequently calculated and reported

as % NO* radical scavenging ability.

Hydroxyl Radical Scavenging Ability. The method of Halliwell and

Gutteridge23 was used to determine the ability of the extracts to pre-

vent Fe2þ/H2O2 induced decomposition of deoxyribose. The extract 0

to 100 mL was added to a reaction mixture containing 120 mL of 20 mg

deoxyribose, 400 mL of 0.1 M phosphate buffer, 40 mL of 500 mM of

FeSO4, and the volume was made up to 800 mL with distilled water.

The mixture was incubated at 37�C for 30 minutes and the reaction

was then stopped by the addition of 0.5 mL of 28% trichloroacetic

acid. This was followed by addition of 0.4 mL of 0.8% thiobarbituric

acid solution. The tubes were subsequently incubated in boiling water

for 20 minutes. The absorbance was measured at 532 nm in a

spectrophotometer.

Fe2þ Chelation Assay. The Fe2þ-chelating ability of the extracts was

determined using the method of Minotti and Aust24 with slight mod-

ification by Puntel et al.25 Freshly prepared 500 mM FeSO4 (150 mL)

was added to a reaction mixture containing 168 mL 0.1 M Tris-HCl

(pH 7.4), 218 mL saline and the extract (0-25 mL). The reaction

mixture was incubated for 5 minutes, before the addition of 13 mL

0.25% 1,10-phenanthroline (w/v). The absorbance was subsequently

measured at 510 nm in a spectrophotometer. The Fe(II) chelating

ability was subsequently calculated.

Determination of Total Phenol Content. The total phenol content of

the extracts was determined according to the method of Singleton

et al.26 Briefly, the extract was oxidized with 2.5 mL 10% Folin-

Ciocalteau’s reagent (v/v) and neutralized by 2.0 mL of 7.5% Na2CO3.

The mixture was incubated for 40 minutes at 45�C and the absorbance

was measured at 765 nm in the spectrophotometer. Gallic acid was

used as standard phenol and the total phenol content was subsequently

calculated as gallic acid equivalent

Determination of Total Flavonoid Content. The total flavonoid con-

tent of the extracts was determined according to the modified method

of Meda et al.27 Briefly, 0.5 mL of the extract was mixed with 0.5 mL

absolute methanol, 50 mL of 10% AlCl3, 50 mL of 1 M potassium

acetate and 1.4 mL H2O. The mixture was incubated at room tempera-

ture for 30 minutes. Thereafter, the absorbance of the mixture was

subsequently measured at 415 nm. Quercetin was used as standard

flavonoid and the total flavonoid content was subsequently calculated

as quercetin equivalent.

High-Performance Liquid Chromatography Coupled Diode Array
Detector Analyses. Chromatographic analyses were carried out

under gradient conditions using C18 column (4.6 mm � 150 mm)

packed with 5 mm diameter particles; the mobile phase was water

containing 1% formic acid (A) and acetonitrile (B), and the compo-

sition gradient was: 13% of B until 10 minutes and changed to

obtain 20%, 30%, 50%, 60%, 70%, 20%, and 10% B at 20, 30,

40, 50, 60, 70, and 80 minutes, respectively, following the method

described by Adedayo et al28 with slight modifications. Momordica

charantia leaf extract and mobile phase were filtered through

0.45 mm membrane filter (Millipore) and then degassed by ultra-

sonic bath prior to use, bitter gourd leaf extracts were analyzed at a

concentration of 20 mg/mL. The flow rate was 0.7 mL/min, injec-

tion volume 40 mL and the wavelength were 254 nm for gallic acid,

280 nm for catechin and epicatechin, 325 nm for chlorogenic and

ellagic acids, and 365 nm for quercetin, quercitrin, isoquercitrin,

rutin, and kaempferol. Stock solutions of standard references were

prepared in the high-performance liquid chromatography mobile

phase at a concentration range of 0.030 to 0.250 mg/mL for kaemp-

ferol, quercetin, quercitrin, isoquercitrin, rutin, catechin, and epica-

techin; and 0.050 to 0.450 mg/mL for ellagic, gallic, and

chlorogenic acids. Chromatography peaks were confirmed by com-

paring its retention time with those of reference standards and diode

array detection spectra (200-500 nm).

Data Analysis

The results of triplicate readings were pooled and expressed as mean

+ standard deviation. One-way analysis of variance was used to

analyze the mean and the post hoc treatment was performed using

Duncan multiple test. Significance was accepted at P � .05. IC50

(extract concentration causing 50% enzyme/antioxidant activity) was

determined using nonlinear regression analysis.
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Results

Enzyme Inhibition

Interaction of aqueous and methanol extracts of bitter gourd

with ACE is presented in Figure 1. The extracts inhibited ACE

activity in a dose-dependent pattern (50-200 mg/mL). However,

considering the IC50 (Table 1) values, methanol extracts

(109.63 mg/mL) had significantly (P < .05) higher inhibitory

activity than aqueous extract (182.95 mg/mL).

Inhibition of Pro-oxidant-Induced Lipid Peroxidation

The ability of the aqueous and methanol extracts of bitter gourd

leaves to inhibit Fe2þ-, SNP-, and cisplatin-induced lipid per-

oxidation in rat kidney (in vitro) are presented in Figures 2, 3,

and 4, respectively. The result revealed that the extracts inhib-

ited Fe2þ-induced malondialdehyde production in a dose-

dependent manner (12.50-31.25 mg/mL). However, judging

by the IC50 values in Table 1, the methanol extract (IC50 ¼
19.71 mg/mL) had higher inhibitory effect than the aqueous

extract (IC50 ¼ 23.25 mg/mL).

Furthermore, the extracts inhibited SNP-induced malondial-

dehyde production in rat kidney tissue homogenates in a dose-

dependent manner (12.50-31.25 mg/mL). The IC50 values in

Table 1 shows that there was no significant (P > .05) difference

in the inhibitory effects of the methanol (21.50 mg/mL) and

aqueous (24.35 mg/mL) extracts. Also, the ability of the

extracts to inhibit cisplatin-induced malondialdehyde produc-

tion was also evaluated and presented in Figure 4. The metha-

nol and aqueous extracts also inhibited cisplatin-induced

malondialdehyde production in rat’s kidney homogenates in a

dose-dependent manner (12.50-31.25 mg/mL). However,

methanol extract (IC50 ¼ 21.06 mg/mL) had higher inhibitory

effect than the aqueous extract (IC50 ¼ 26.08 mg/mL).

Radical Scavenging and Chelating Ability

The radical scavenging and chelating abilities of the extracts

were assessed through their abilities to scavenge free radicals

and chelate metallic ion. As presented in Figures 5 and 6, the

extracts scavenged NO and OH radicals in a dose-dependent

pattern. The ability of the extracts to scavenge these radicals

may prevent the initiation or cause rapid termination of lipid

peroxidation. The methanol extract (IC50 ¼ 48.43 and 20.02

mg/mL) had significantly (P < .05) higher NO and OH radical

scavenging abilities than aqueous extract (IC50 ¼ 61.53 and

24.53 mg/mL) respectively. In addition, the extracts were able

to chelate Fe2þ in a dose dependent manner as shown in Figure 7.

The result follows similar trend as that of the radicals scavenging

abilities where methanol extract (IC50 ¼ 23.92 mg/mL) had

significantly (P < .05) higher Fe2þ-chelating ability than the

aqueous extract (IC50 ¼ 29.05 mg/mL).

Total Antioxidant Capacity of Bitter Gourd Leaf Extracts

ABTS* scavenging ability of the extracts reported as trolox

equivalent antioxidant capacity (TEAC) is presented in

Table 2. The result revealed that the methanol extract

(11.75 mmol TEAC/100 g) had significantly (P < .05)

higher antioxidant capacity than the aqueous extract (8.34 mmol

TEAC/100 g).
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Figure 1. Angiotensin-I-converting enzyme (ACE) inhibitory ability of aqueous and methanolic extracts from Momordica charantia leaves.

Table 1. Extract Concentration Causing 50% Enzyme/Antioxidant
Concentration (IC50) of Inhibition of Angiotensin-I-Converting
Enzyme Activity, Inhibition of Fe2þ-, Cisplatin-, and Sodium Nitroprus-
side–Induced Lipid Peroxidation in Rat Kidney Homogenates and
Radicals (DPPH, NO*, OH*) Scavenging and Fe2þ-Chelating Abilities
of Aqueous and Methanolic Extracts of Momordica charantia (mg/mL).y

Parameter
Aqueous
Extract

Methanolic
Extract

Angiotensin-I-converting enzyme 182.95 + 6.45a 109.63+ 4.11b

Lipid peroxidation
Fe2þ induced 23.25 + 1.45a 19.71+ 1.02b

Cisplatin induced 26.08 + 1.22a 21.06+ 0.95b

Sodium nitroprusside induced 24.35 + 2.50a 21.50+ 1.81a

Radicals scavenging ability
OH* 24.53 + 1.83a 20.02 + 1.01b

NO* 61.53 + 2.32a 48.43 +1.98b

Fe2þ-chelating ability 29.05 + 1.75a 23.92 + 1.54b

yValues represent means of triplicate. Values with the same superscript along
the same row are not significantly (P > .05) different.
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The Total Phenol and Total Flavonoid Content

The total phenol and total flavonoid content of aqueous and

methanol extracts are presented in Table 2. The phenol and

flavonoid contents of the methanol extract (52.43 mg/100 g

and 38.75 mg/100 g) were significantly higher (P < .05) than

that of aqueous extract (46.95 mg/100 g and 29.46 mg/100 g).

Identification of Phenolic Acids and Flavonoids in Bitter
Gourd Leaves

The high-performance liquid chromatography–diode array

detector analysis as presented in Table 3 and Figure 8 revealed

the presence of some phenolic acids such as gallic acid

(97.35 mg/g), catechin (28.19 mg/g), chlorogenic acid
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Figure 2. Inhibition of Fe2þ-induced lipid peroxidation in rat kidney tissue homogenates by aqueous and methanolic extracts from Momordica
charantia leaves.
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Figure 3. Inhibition of sodium nitroprusside (SNP)–induced lipid peroxidation in rat kidney tissue homogenates by aqueous and methanolic
extracts from Momordica charantia leaves.
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Figure 4. Inhibition of cisplatin-induced lipid peroxidation in rat kidney tissue homogenates by aqueous and methanolic extracts from
Momordica charantia leaves.
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Figure 5. Nitric oxide radical (NO*) scavenging ability of aqueous and methanolic extracts from Momordica charantia leaves.
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Figure 6. Hydroxyl radical (OH*) scavenging ability of aqueous and methanolic extracts from Momordica charantia leaves.
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Figure 7. Fe2þ-chelating ability of aqueous and methanolic extracts from Momordica charantia leaves.
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(82.51 mg/g), caffeic acid (116.27 mg/g), ellagic acid

(27.90 mg/g), epicatechin (11.48 mg/g); and flavonoids such

as quercetin (80.62 mg/g), quercitrin (50.39 mg/g), isoquercitrin

(44.91 mg/g), kaempferol (25.78 mg/g), and rutin (26.54 mg/g).

Discussion

Angiotensin-I-Converting Enzyme Inhibitory Ability

The inhibition of ACE is a common therapeutic target for the

treatment and management of hypertension.8,29 Inhibition of

ACE activity by the extracts from bitter gourd indicates their

antihypertensive effects. This could also represent the possible

mechanism and the scientific/biochemical basis for the folklo-

ric use of bitter gourd leaf in the management of hypertension

and related diseases. The ACE inhibitory ability of these

extracts could be attributed to the presence of important phe-

nolics in the leaves as ACE inhibition by the plant extract has

been linked to their phenolic content.30,31 Moreover, Guerrero

et al32 also reported that ACE inhibitory activity may be due to

structure-activity relationship of some flavonoids such as rutin,

quercetin, kaempferol, catechin, and epicatechin, which were

identified in bitter gourd leaves. The observed inhibitory

effects of the extracts could be due to the association of the

functional groups of the flavonoids including the catechol

group in the B-ring and the double bond between C-2 and C-

3 at the C-ring present in the extracts.32

Inhibition of Pro-oxidant-Induced Lipid Peroxidation

The link between oxidative stress and hypertension has been

established via the action of angiotensin II by inducing the

formation of reactive oxygen species.8 Angiotensin II and

aldosterone are capable of interacting with pulse pressure and

increased systolic blood pressure thereby activating NADPH

oxidase, which releases reactive oxygen species.32 The reactive

oxygen species produced are capable of initiating chain reac-

tions and attacking renal cells thereby causing oxidative dam-

age to the kidney.33

Iron (Fe2þ) participates in Fenton reaction by breaking down

hydrogen peroxide to form hydroxyl radicals (OH*), which in

turn, abstract an electron from polyunsaturated fatty acids and

initiate a chain reaction.6,32 This study indicates that the extracts

could prevent lipid peroxidation originating from iron influx in

the cell. SNP releases NO radicals which can be metabolized

into peroxynitrite (ONOO� _c). It can subsequently induce lipid

peroxidation leading to oxidative damage in cells.34,35 Further-

more, cisplatin is an effective antitumor agent used in the treat-

ment of various cancers.36 However, it can cause acute renal

failure via induction of lipid peroxidation.36 Therefore elevated

levels of cisplatin found in renal epithelial cells can induce reac-

tive oxygen species formation by decreasing antioxidant

enzymes and decomposing hydrogen peroxide to form OH*.37,38

The observed inhibition of malondialdehyde production

induced by Fe2þ, SNP, and cisplatin in kidney homogenates

may indicate that bitter gourd leaf extracts possess strong anti-

oxidant agents that are capable of protecting the kidneys from

oxidative damage and renal dysfunction.39

The higher radical scavenging abilities observed in the

methanol extract could be attributed to the quantity and quality

of the phenolic compounds/constituents that have dissolved in

the extracting solvent. This finding is in agreement with the

result obtained by Rezaeizadeh et al.40 Scavengers of reactive

oxygen species may thus prevent and manage complications of

hypertension and renal damage in both human and animal cells.

The observed chelating ability of the extracts could be attributed

to their phenolic constituents. Gryszczyńska et al.41 reported that

phenolic acids such as gallic, chlorogenic, ellagic, and caffeic

acid are capable of forming complexes with Fe2þ. This prevents

the oxidation of Fe2þ to Fe3þ, which could be initiated by hydro-

gen peroxide. The Fe2þ-chelating ability of the extracts may

hinder the production of OH radicals and initiation of lipid per-

oxidation, hence preventing cell/tissue oxidative damage.

Total Antioxidant Capacity

The total antioxidant capacity was assessed based on ABTS

radical (ABTS*). The ABTS* radical–based model of free

Table 3. Phenolics and Flavonoids Composition of Momordica char-
antia Leaf.a

Parameter mg/g %

Gallic acid 97.35 + 0.02 9.73
Catechin 28.19 + 0.01 2.81
Chlorogenic acid 82.51 + 0.01 8.25
Caffeic acid 116.27 + 0.01 11.62
Ellagic acid 27.90 + 0.01 2.79
Epicatechin 11.48 + 0.03 1.14
Rutin 26.54 + 0.02 2.65
Quercitrin 50.39 + 0.01 5.03
Isoquercitrin 44.91 + 0.02 4.49
Quercetin 80.62 + 0.01 8.06
Kaempferol 25.78 + 0.03 2.57

aValues represent means + standard deviations of triplicate readings.

Table 2. The Total Phenol Content Reported as Gallic Acid Equivalent and Total Flavonoid Content Reported as Quercetin Equivalent
and Total Antioxidant Capacity.*

Sample Total Phenol (mg GAE/100 g) Total Flavonoid (mg QE/100 g) Total Antioxidant Capacity (mmol TEAC/100 g)

Aqueous extract 46.95 + 1.21a 29.46 + 0.91a 8.34 + 0.42a

Methanolic extract 52.43 + 1.50b 38.75 + 1.42b 11.75 + 0.83b

Abbreviations: GAE, gallic acid equivalent; QE, quercetin equivalent; TEAC, trolox equivalent antioxidant capacity.
*Values represent means of triplicate readings. Values with the same superscript on the same column are not significantly (P > .05) different.
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radical scavenging ability has preference over other models

because ABTS* can be assessed on both the non-polar and

polar samples, hence the method can be assessed on wide range

of polarity. The high antioxidant capacity observed in the

methanol extract may be attributed to its high phenolic and

flavonoid content.

Phenol and Flavonoid Contents

Our findings correlates with earlier reports on some plant foods

where phenolic content of methanol extract was significantly

(P < .05) higher than that of aqueous extract.42 The same trend

was also observed in the flavonoid distribution in which metha-

nol extract had higher flavonoid content than the aqueous

extract. The differences in the total phenolic and flavonoid

content of the extracts could be attributed to the solubility and

polarity of the solvents used for the extraction. This is in agree-

ment with the findings of Sadeghi et al,43 who reported higher

phenolic content in methanol extracts from Iranian plants com-

pared with the aqueous extracts. The result obtained in this

study also agrees with previous work on total phenol and fla-

vonoids content of some vegetables.44

Phenolic compounds have strong antioxidant properties and

are capable of reducing cellular oxidative stress.37 Studies have

revealed that majority of the antioxidant capacity of plants are

associated with their phenolic constituents.45,46 The antioxi-

dant activity of these bioactive compounds may be linked to

the ability of the phenolic constituents of the extracts to donate

hydroxyl groups to mop up and/or chelate free radicals thereby

terminating free radical chain reaction.40,47

Conclusion

Bitter gourd leaf extracts inhibited ACE, protected the kidney

from Fe2þ, SNP, and cisplatin-induced lipid peroxidation,

chelated Fe2þ and scavenged ABTS, NO, and OH radicals

in vitro. These biological effects could be attributed to the

phenolic contents of bitter gourd extracts. This study suggests

that part of the possible mechanisms by which bitter gourd

exerts its antihypertensive and renoprotective properties

could be through the inhibition of ACE activity, prevention

of lipid peroxidation in the kidney and radicals scavenging

abilities. Further studies are ongoing in our laboratory to

assess the antihypertensive and renoprotective properties of

the leaf in vivo.
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