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The present study was conducted to determine whether aerial parts of Trichosanthes cucumerina extracts 
can exert significant antioxidant activity. The antioxidant activity of a hot water extract (HWE) and a cold 
ethanolic extract (CEE) of T. cucumerina aerial parts was evaluated by assessing its (a) radical scavenging 
ability and prevention effect of lipid peroxidation in vitro, and (b) effects on lipid peroxidation and anti-
oxidant enzyme activities, in vivo.

In vitro antioxidant assays (DPPH, TBARS and carotene-linoleic acid assays) clearly demonstrated the 
antioxidant potential of HWE and CEE. Moreover, HWE increased SOD: by 91.2% and GPX by 104.4% 
while CEE increased SOD: by 115.5% and GPX by 96.4%) in CCl4-induced rats. Treatments with HWE 
and CEE prevented the accumulation of lipid peroxidation products by 30.5% and 33.8%, respectively, 
in liver tissues compared to the rats exposed only to CCl4. In conclusion, the present investigation dem-
onstrates for the first time that components in T. cucumerina aerial parts can exert significant antioxidant 
activity in vivo and in vitro.
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INTRODUCTION

Oxidative stress has been defined as an imbalance in the production of free radicals 
within the body and may possibly contribute to the onset of many diseases [19].
Antioxidants serve as defense factors against free radicals in the body. Enzymes such 
as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX) are 
the main endogenous antioxidants that oppose oxidative damage. If the free radical 
production becomes greater than the capacity of the above enzymatic system, the 
second line of defense (vitamins C, E and A) may come into action and quench the 
free radicals [8].

Trichosanthes cucumerina Linn is an annual, dioecious climber belonging to the 
family Cucurbitaceae. It is widely distributed in Asian countries including Sri Lanka,
India, Malay Penisula and Philippine. The whole plant including roots, leaves, fruits, 
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seeds have medicinal properties. The aerial parts of T. cucumerina are used along 
with other plant materials for indigestion, bilious fevers, boils, sores, skin eruptions 
such as urticaria, eczema, dermatitis, psoriasis, diabetes and ulcers [11]. Studies on 
the pharmacological activities have shown the presence of anti-inflammatory activity 
in root tubers [14], antidiabetic activity in seeds [13] and aerial parts [2], hepatopro-
tective activity [16] and gastroprotective activity [3] in aerial parts. The root and fruit 
also contain components that are cytotoxic to some cancer cell lines [15].

During the past three decades there has been an increasing interest in finding natu-
rally occurring antioxidants from plant materials to replace synthetic antioxidants 
consumed as foods or medicines [9]. According to results of an in vitro investigation 
[1], antioxidant compounds are present in the fruit pulp of T. cucumerina. Generally, 
aerial parts of T. cucumerina are used for medicinal purposes. However, no scientific 
investigation was carried out to determine antioxidant properties of T. cucumerina
aerial parts. Therefore, the present study was conducted to evaluate whether T. cucu-
merina aerial parts also contain properties that can exert strong in vitro and in vivo
antioxidant activity.

MATERIALS AND METHODS

T. cucumerina plants were collected from Western province of Sri Lanka between the 
period of August–September. The plant was identified and authenticated by the curator 
of National Herbarium, Royal Botanical Gardens, Peradeniya, Sri Lanka. A voucher 
specimen (TS 01) was deposited in the Industrial Technology Institute, Colombo 7,  
Sri Lanka.

Preparation of hot water extract (HWE): T. cucumerina aerial parts were cut into 
small pieces and air dried. Plant material (60 g) was boiled in 1.9 L of distilled water 
(DW) and the final volume was reduced to 240 mL by gentle boiling over 4 h. The 
hot water extract was freeze dried and stored at 4 °C until use (yield 12.5% dry weight 
basis).

Preparation of cold ethanolic extract (CEE): T. cucumerina aerial parts were air 
dried for 3–5 days in the shade, cut into small pieces and macerated with ethanol and 
kept for 48 h at room temperature (28–30 °C). The extract was filtered and evapo-
rated to dryness under reduced pressure at 50 °C (yield 7.5% w/w dry weight basis) 
and stored at 4 °C until use.

During the experimentation, required amounts of the HWE and CEE were weighed 
and reconstituted in 1 mL of DW and 1 mL of 1% Tween 80, respectively. A dose of 
750 mg/kg of each extract was administered orally to each test rat. This dose corre-
sponds to the normal therapeutic dose of T. cucumerina administered to adult humans 
as calculated on the basis of relative surface areas of humans and rats [21].

Healthy adult male and female Wistar rats (weighing 200–225 g) were used 
throughout the experiment. All animal experiments were conducted in accordance 
with the internationally accepted laboratory animal use and care and guide lines 
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stated in the rules of the ethical committee, University of Kelaniya, for animal exper-
imentations.

2,2-diphenyl-1-picrylhydrazyl (DPPH.) scavenging assay was carried out as 
described by Navarro and co-workers [20] with some modifications. In this assay, 
known concentrations of (0–50 μg/mL) CEE, HWE, BHT (butylated hydroxyl tolu-
ene) and L-ascorbic acid were tested. Both BHT and L-ascorbic acid served as posi-
tive controls. The percentage of radical scavenging activity (RSA) was calculated 
using the following equation; Percentage of RSA = [(A0– As)/A0]×100.

Where A0 is the absorbance of the control and As is the absorbance of the sample 
at λ 517 nm. IC50 values denote the concentration of sample required to scavenge 
50% DPPH. free radicals.

Thiobarbituric acid reactive substances (TBARS) assay was carried out by measur-
ing the ability of the extracts to inhibit oxidation of egg yolk lipids as described by 
Dorman and co-workers [6]. BHT served as the positive control. Percentage of anti-
oxidant index (AI) was calculated using the following formula, percentage of 
AI = (1– T/C)×100, where T is the absorbance of the sample and C is the absorbance 
of the fully oxidized control.

β-carotene-linoleic acid assay was carried out as described by Jayaprakasha and 
co-workers [10] with some modifications. BHT served as the positive control. In this 
assay, HWE, CEE and BHT were used at a concentration of 0.2 mg/mL. Antioxidant 
activity (AA) was expressed as percentage AA and calculated by the equation; 
Percentage of AA = 100×[1– (A0s – A120s)/(A0c – A120c)], where A0s is the initial 
absorbance of the sample at time 0, A120s is the absorbance of the extract or positive 
control at 120 min, A0c is the initial absorbance of the control at time 0 and A120c is 
the absorbance of the control at 120 min.

For in vivo antioxidant activity rats were randomly divided into 5 equal groups 
(n = 6/group; 3 female & 3 male) and treatments were orally administered in the fol-
lowing manner. Each rat in group 1 received 1 mL of DW/day while the rats in group 
2 received 1 mL of Tween 80 (1% in DW) solution/day for 14 consecutive days. The 
above served as the normal control groups. Each rat in group 3 received 1 mL/kg of 
CCl4, twice a week for 14 days and served as CCl4 controls. The CCl4 induces oxida-
tive stress in the rats. Rats in groups 4 and 5 received 750 mg/kg of HWE in 1 mL of 
DW/day and 750 mg/kg of CEE suspended in 1 mL of Tween 80 (1% in DW) solu-
tion/day, respectively, for 14 consecutive days. During the experimental period, oxi-
dative stress was induced to rats in groups 4 and 5 by administration of 1 mL/kg of 
CCl4 (twice a week). At the end of the experimental period (14 days), all the rats were 
fasted overnight and approximately 4 mL blood was collected by cardiac puncture 
under mild ether anesthesia for the estimation of SOD and GPX activities. Rats were 
then sacrificed by over exposure to ether and liver sections excised for the estimation 
of lipid peroxidation.

In vivo lipid peroxidation was determined by measuring oxidation of the lipids in 
liver tissue [6]. The amount of malondialdehyde (MDA) formed in each sample was 
assayed by measuring the absorbance of the supernatant at λ 532 nm against a reagent 
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Fig. 1. Absorbance at 517 nm with different concentrations of the hot water extract (HWE) and cold 
ethanolic extract (CEE) of Trichosanthes cucumerina, compared with changes produced by the positive 
controls BHT and L-ascorbic acid in DPPH. radical scavenging assay. Values are expressed as 

mean ± S.E.M., n = 3, BHT: butylated hydroxyl toluene

Fig. 2. Absorbance at 470 nm with hot water extract (HWE) and cold ethanolic extract (CEE) of 
Trichosanthes cucumerina, compared with changes produced by the positive control BHT in β-carotene- 

linoleic acid assay. Values are expressed as mean ± S.E.M., n = 3, BHT: butylated hydroxyl toluene
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blank. The results were expressed as number of nmoles MDA formed/g tissue using 
a molar extinction coefficient of 1.56 × 105 M–1 cm–1.

Data are given as means ±S.E.M. Statistical comparisons were made using one- 
way ANOVA followed by Duncans Multiple range test. A P value ≤0.05 was consid-
ered as significant.

RESULTS

Both HWE and CEE demonstrated a significant (P≤ 0.05) and dose-dependent 
(r2 = 0.98) DPPH. radical scavenging activity (Fig. 1) indicated by the decolorization 
of DPPH. (from a deep purple to a yellow color). Out of the two extracts, the CEE
appeared to be a better scavenger of free radicals than the HWE. Both synthetic anti-
oxidants, L-ascorbic acid and BHT also demonstrated significant (P≤0.05) and dose- 
dependent (L-ascorbic acid: r2 = 0.90; BHT: r2 = 0.96) DPPH. radical scavenging 
activities. However, the radical scavenging activity of the HWE (IC50: 39.2 ± 0.2 μg/
mL) and the CEE (IC50: 15.7 ± 0.6 μg/mL) were not as powerful as the synthetic anti-
oxidants, L-ascorbic acid (IC50: 8.5 ± 0.6 μg/mL) and BHT (IC50: 10.6 ± 0.6 μg/mL).

In the TBARS assay, the CEE showed the higher antioxidant activity (AI:
30.2 ± 0.6%) than the HWE (AI: 26.5 ± 0.2%). Interestingly, in this assay, inhibition 
of lipid peroxidation by both CEE and synthetic antioxidant, BHT (AI: 32.4 ± 0.8%) 
were comparable.

Table 1
Effects of the hot water extract (HWE) and the cold ethanolic extract 
(CEE) of Trichosanthes cucumerina on blood levels of glutathione 

peroxidase (GPX) and superoxide dismutase (SOD), in rats

Groups GPX

(U/g Hb)
SOD

(U/g Hb)

Control 1
(1 mL of DW; n = 6)

95.6±5.6 32.5±1.0

Control 2
[1 mL of Tween 80 
(1% in DW); n = 6]

90.3±3.8 35.8±1.4

CCl4 control
(1 mL/kg/rat; n = 6)

56.3±2.5 20.6±3.2

750 mg/kg of HWE + CCl4

(n = 6)
115.1±4.1* 39.4±1.5*

750 mg/kg of CEE + CCl4

(n = 6)
110.6±3.5* 44.4±1.2*

Values are expressed as mean ± S.E.M.
*Significant when compared to the CCl4 control; P ≤ 0.05.
DW: distilled water.
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The change of absorbance at 470 nm with time for the HWE, CEE and BHT in the 
β-carotene-linoleic acid assay is shown in Figure 2. In this assay, the percentage of 
antioxidant activity (AA) for the CEE (81.2 ± 1.8%) was comparable to that of the 
synthetic antioxidant, BHT (84.2 ± 1.2%). However, the percentage of AA of the 
HWE (76.9 ± 0.9%) was lower than those of CEE and BHT.

As shown in Table 1 exposure of rats to CCl4 resulted in a significant (P ≤0.05)
decrease in SOD and GPX enzyme activities in blood, while administration of CCl4
with HWE or CEE significantly (P ≤0.05) inhibit the CCl4 mediated effects. (HWE 
increased SOD: by 91.2% and GPX by 104.4% while CEE increased SOD: by 115.5% 
and GPX by 96.4%).

Treatments with the HWE and the CEE significantly (P ≤0.05) prevented the accu-
mulation of lipid peroxidation products by 30.5% and 33.8%, respectively, in liver 
tissues compared to the rats exposed only to CCl4. The inhibition of lipid peroxidation 
by the CEE was greater than that of the HWE (Table 2).

DISCUSSION

Reactive oxidants produced in biological systems, either by normal metabolic path-
ways or as a consequence of exposure to external agents have been associated with 
many different disease conditions. In the present study, an attempt has been made to 

Table 2
Effects of the hot water extract (HWE) and the cold ethanolic 
extract (CEE) of Trichosanthes cucumerina on the amount of 
thiobarbituric acid reactive substances (TBARS) formed in the 

liver tissues of the rats

Groups TBARS formed in liver 
(nmoles/g tissue)

Control 1
(1 mL of DW; n = 6)

2.28±0.36

Control 2
[1 mL of Tween 80 
(1% in DW); n = 6]

1.95±0.50

CCl4 control
(1 mL/kg/rat; n = 6)

4.86±0.30

750 mg/kg of HWE + CCl4

(n = 6)
3.38±0.28*

750 mg/kg of CEE + CCl4

(n = 6)
3.22±0.35*

Values are expressed as mean ± S.E.M.
*Significant when compared to the CCl4 control; P ≤ 0.05.
DW: distilled water.
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evaluate the antioxidant activity of T. cucumerina aerial parts by use of in vitro and 
in vivo models. The overall results of this investigation demonstrate that both HWE 
and CEE of T. cucumerina aerial parts can exert significant antioxidant activity as 
evident from their ability to (a) scavenge DPPH. and linoleic free radicals in vitro (b)
enhance activities of antioxidant enzymes such as SOD and GPX in vivo and (c) 
inhibit lipid peroxidation in vitro and in vivo.

DPPH. is a stable free radical that can accept an electron or hydrogen radical to 
become a stable diamagnetic molecule. Due to its odd electron, the methanolic solu-
tion of DPPH. shows a strong absorption band at λ 517 nm. DPPH. radicals react with
suitable reducing agents and then electrons become paired off and the solution loses 
color stiochiometrically depending on the number of electrons taken up [7].Therefore,
change in absorbance produced by this reaction was used to test the ability of 
T. cucumerina to act as a free radical scavenger. Likewise, bleaching of β-carotene by 
linoleic acid is considered to be mediated by a free radical mediated mechanism. The
linoleic acid free radical formed upon the abstraction of a hydrogen atom from one of 
its methylene groups, attacks the highly unsaturated β-carotene molecules. As 
β-carotene molecules lose their double bonds by oxidation, the compound loses its 
characteristic orange color and this change in color can be monitored spectrophoto-
metrically. The presence of antioxidants can hinder the extent of β-carotene bleaching 
by neutralizing the linoleic free radical and other free radicals formed in the system 
[10]. On the other hand, TBARS assay has been used to measure the degree of lipid 
peroxidation. Thiobarbatiuric acid (TBA) reacts with TBARS generated during lipid 
peroxidation, of which MDA is a major component. The complexing of TBA with 
MDA results in a red chromogen, which may be measured in terms of absorbance at 
λ 532 nm. The degree of MDA formation is used as an index of lipid peoxida-
tion [4].

CCl4 is often used by researches to induce oxidative damage (via lipid peroxida-
tion) in vivo [17]. The toxicity of CCl4 results from its reductive dehalogenation by 
the cytochrome P450 enzyme system into a trichloromethyl free radical (CCl3

.) which 
rapidly interacts with molecular oxygen to form the trichloromethyl peroxyl radical 
(CCl3O2

.) [24]. Therefore, high intake of CCl4 is assumed to initiate free radical- 
mediated lipid peroxidation leading to the accumulation of products that cause liver 
injury [12] and result in oxidative stress [5].

In the present investigation also, CCl4-induced toxicity resulted in significant 
(P ≤ 0.05) decrease in SOD and GPX activities along with a significant (P ≤ 0.05)
increase in lipid peroxidation. However, continuous treatments with HWE or CEE 
resulted in significant (P≤ 0.05) increase in SOD and GPX activities along with a 
significant (P≤ 0.05) decrease in lipid peroxidation. Lipid peroxidation is regarded as 
one of the basic mechanisms by which free radicals cause cellular damage [22].
Thiobarbatiuric acid reactive substances (of which malondialdehyde is a major com-
ponent) that are generated during lipid peroxidation cause cross-linking of proteins as 
well as nucleotides in the same and opposite stands of DNA [23].

Polyphenols are considered to be the major antioxidant compounds in plants [18], 
although they are not the only ones. The antioxidant activity of phenolic acids and 
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flavanoids are reported to be mainly due to their redox properties [25], which can play 
an important role in adsorbing and neutralizing free radicals, quenching singlet and 
triplet oxygen or decomposing peroxides. T. cucumerina extracts also contain 
polyphenolic compounds [2]. Therefore, polyphenolic compounds contained in HWE 
and CEE may play a major role in the observed antioxidant activity of T. cucumerina
extracts.

In conclusion, the present investigation demonstrates for the first time that compo-
nents in T. cucumerina aerial parts can exert significant antioxidant activity (both in
vivo and in vitro) and thereby help to reduce oxidative stress.
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