
Open Access Journal of Pharmaceutical Research
ISSN: 2574-7797

MEDWIN PUBLISHERS
Committed to Create Value for Researchers

Comprehensive Review of Phytochemistry and Bioactivities of Citrullus Colocynthis (L.) Schrad Pharm Res

Comprehensive Review of Phytochemistry and Bioactivities of 
Citrullus Colocynthis (L.) Schrad

Mazher M, Ishtiaq M*, Mushtaq W, Maqbool M, Zahid N, Husain T and 
Mazher M  
Department of Botany, Mirpur University of Science and Technology (MUST), Pakistan 

*Corresponding author: Muhammad Ishtiaq, Department of Botany, Mirpur University of 
Science and Technology (MUST), Mirpur, 10250 AJ&K, Pakistan, Email: drishtiaq.bot@must.
edu.pk

Review Article
Volume 4 Issue 4

Received Date: September 28, 2020

Published Date: October 15, 2020 

DOI: 10.23880/oajpr-16000218

Abstract

Citrullus colocynthis is a restorative plant which has been used in traditional medicinal systems. Extracts in different solvents 
are found to possess antibacterial, antifungal, antioxidant, analgesic, hypoglycemic, hypolipidemic, organooprotective, 
antialopecial and cytotoxic activities. Phytochemistry of the plant depicts that carbohydrates, tannins, proteins and separate 
amino acids, phenolic compounds, steroids, alkaloids, terpenoids, glycosides and cucurbitacins A, B, C, D, E, J, L are present 
in different extracts. Some studies reveal the toxic effects of dosage above a certain limit. Unripe fruit is abortifacient. Study 
of individual phytochemicals isolated from crude extracts has been conducted for compounds cucurbitacins E and I. Other 
phytochemicals may also possess bioactivity potential worth of therapeutic use as novel drugs.  

Keywords:  Phytochemical; Citrullus colocynthis; Plant; Cucurbitacins

Abbreviations: TIM: Traditional Iranian Medicines; 
TCM: Traditional Chinese Medicines; WHO: World Health 
Organization; HDL: High Density Lipids; MIC: Minimum 
Inhibitory Concentration; FTA: Free Fatty Acids; PCA: Passive 
Cutaneous Anaphlyaxis.

Botanical Description

Classification of Citrullus Colocynthis (Table 1)

Citrullus colocynthis is a semi-arid plant and it is found 
in Arabian countries, along the coasts of Mediterranean and 
Caspian Sea, North African, Turkey, Cyprus, Iran, Afghanistan, 
India, Pakistan and Sri Lanka [1].

Kingdom Plantae Plants
Sub-Kingdom Viridiplanae Green Plants

Infra-Kingdom Streptophyta Land Plants
Super-Division Embryophyta Develop from Embryo

Division Tracheophyta Vascular Plants
Sub-Division Spermatophytina Seed Plants

Class Magnolipsida
Super-Order Rosanae

Order Cucurbitales
Family Cucurbitaceae

Genus Citrullus (Schrad. 
Ex Eckl. & Zeyh.)

Species Colocynthis (L.) 
Schrad.

Table 1: Citrullus Colocynthis Classification.
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Cultivation

Citrullus colocynthis belongs to family Cucurbitaceae. It 
is a wild herb which is perennial and propagates through 
vegetative as well as generative means. It grows in sandy 
soils. Its growing season is summer season especially from 
April to October [1].

Morphology

Tendrils: Citrullus colocynthis is an annual herb which has 
tendrils with lobules [2].

Stem is branched and oblique [2]. Shoots are tender and 
flocculent [3]. Leaves are alternate, petioles are long, thick 
with slender lobes and acutely divided. There are 5-7 lobes 
and length of normal leaf is 5 to 10 cm. There are numerous 
hairs on surface so the appearance is rough and hairy. Shape 
of eaves is triangular and has many clefts [4-6]. Flowers are 
mendacious, monoecious i.e., both sexes are present on the 
same plant, 5 carpals and 5 petals are present, yellow petals 
and blossom on apex of axial braches. Female flowers have 
superior hairy ovary [4,5]. Fruits are indehiscent berry, 
Spherical or ovoid, 5-7 cm in diameter with white, yellow and 
green stripes. A hard and thin rind is present around ripened 
fruit. Seeds are size ranges from 4-6 mm, smooth in texture, 
Oblong-compressed shape, arranged along parietal placenta. 
Seeds are blackish brown in colour when fruit is ripened [4-
6]. Stems are soft, herbaceous, spiny and hairy. Spread over 
the soil surface, can climb on plants nearby through tendrils. 
Roots are large, perennial, Irregular, varied length, highly 
branched, bifurcate, delicate and persistent [4-6].

Synonyms of Citrullus Colocynthis

Citrullus pseudocolocynthis M. Roem. and Cucumis 
colocynthis L. (USDA)[7], Colocynthis vulgaris Schrad and 
Colocynthis officinalis Schrad (The Plant List).

Introduction

Citrullus colosynthis (L.) Schrad, is a restorative plant 
with numerous medicinal uses. Its English name is colocynth 
but instantly it is also named as bitter gourd [8] bitter apple 
as well as bitter cucumber [9]. Urdu name of this plant is 
Tummba, Arabic name is Hanzal and in Sanskrit it is called 
Atmaraksha [10]. In German it is called Koloquinthe and in 
French it is named as coloquintein [9]. It is known as Tumma 
in Pakistan and India [11].

Citrullus colosynthis belongs to family Cucurbitaceae 
which is highly diverse family of plant kingdom. Plants of this 
family can be used as food or fodder [12]. Members of this 
genus are salt tolerant and can withstand high temperatures 

[13]. Citrullus colosynthis is a perennial plant with straggling 
herbaceous stems [14]. It can withstand drought and high 
temperature [15]. It is usually found in sandy soils [16]. It is 
found in Asia including India, Pakistan, Kuwait, Saudi Arabia, 
Jordan, Iran, Iraq, Turkey, Afghanistan, Yemen and Sri Lanka; 
most of the African tropical countries and some countries 
of Mediterranean region [17]. It is present in northern 
African countries including Morocco, Egypt, Libya, Algeria 
and Tunisia. In East tropical Africa it is found in Kenya and 
in west tropical Africa it is found in Mali. It is also present in 
Ethopia, Somalia and Chad. In Pakistan it is found in Punjab, 
Sindh and some western sandy areas of Khyber Pakhtun 
Khawa (KPK) [18].

Nowadays allopathy is sharply moving towards 
natural products mainly from plant source [19]. There 
are several systems of medication which are using plant 
oriented medicines since ancient times. These medication 
systems include Ayurveda, Siddha, Homeopathy, Traditional 
Iranian Medicines (TIM), Traditional Chinese Medicines 
(TCM) and Naturopathy [20]. Recently scientists have 
found therapeutically useful compounds in some wild and 
ornamental plants [21]. Cucurbits are well known for their 
therapeutically uses; hence China and India are leading in the 
production of cucurbit plants [12]. According to Australian 
Crop Sciences recently the researcher are more interested 
to explore bioactive compounds of cucurbits especially 
colocynth [22]. Citrullus colosynthis (L.) Schrad is well known 
plant which has been used for treating several diseases 
traditionally. Some other medicinal plants used in traditional 
medicinal practices include Solanum nigrum, Allium cepa, 
Momordica charantia, Nigella sativa, Ocimum sanctum and 
many others. Cictrullus colosynthis is also reported in almost 
all types of traditional medicinal systems [23]. Fruits of 
Citrullus colosynthis were used as antidiabetic, insecticide 
and purgative in traditional medication [24].

As per reports of World Health Organization (WHO) 
not less than 70% population uses herbal ingredients to 
cure basic healthcare problems [25]. It is more common 
in countries where people are unable to bear western 
medicines or fees of physicians [26]. Traditional medicinal 
plants have numerous bioactive chemical constituents [27] 
which are able to cure a large number of ailments [28].

Phytochemical Constituents

Numerous studies have been conducted for 
phytochemical analysis of Citrullus colocynthis. Alkaloids, 
Flavonoids, Terpenoids, Fatty acids, Essential oils and 
Glycosides are reported in aqueous extracts of fruit [29]. 
Phytochemical studies showed carbohydrates, tannins, 
proteins and separate amino acids, phenolic compounds, 
steroids, alkaloids, terpenoids, glycosides and cucurbitacins 

https://medwinpublishers.com/OAJPR/


Open Access Journal of Pharmaceutical Research3

Ishtiaq M, et al. Comprehensive Review of Phytochemistry and Bioactivities of Citrullus Colocynthis 
(L.) Schrad. Pharm Res 2020, 4(4): 000218.

Copyright©  Ishtiaq M, et al.

A, B, C, D, E, J, L are present in plant extracts [30-36]. 

Phenolics, Flavonoids and Glycosides

Quantitative research of phenolics indicates there are 3 
mg/g of dried fruit powder, Flavonoids account for 0.51 mg/g 
[37]. Quercetin is found in fruit extracts [38]. Flavonoidal 
glycosidic compound were also isolated including 
isosaponarin, isovitexin and isoorientin [39]. Polyphenolic 
compounds and flavonoids extracted from fruit extracts 
showed antioxidant activity [40]. Quercetin and Myricetin 
are found in seed extracts [41].

Fatty Acids

Quantitative studies have indicated presence of few 
saturated fatty acids including palmitic acid and stearic acid 
[42] which account for approximately 25% of seed extracts 
[43]. Monounsaturated fatty acids present in seed extracts 
are oleic acid, linolenic acid and linoleic acid [44]. Gallic 
acid, linolenic acid, linoleic acid and other unsaturated fatty 
acids are present in seed extracts [43,45-47]. Concentration 
of fatty acids found in Citrullus colocynthis is comparable to 
other vegetable oils. Hence its oil can be used for cooking 
purposes [48].

Tocopherols

Studies have shown the presence of several natural 
antioxidants in seed oil of Citrullus colocynthis. The 
α-tocopherol, β-carotene and γ-tocopherols are found in 
seed oils. Quantitative study of tocopherols showed that 
α-tocopherol 45 mg/kg and γ-tocopherols are 435 mg/kg of 
dried weight [49].

Alkaloids

Alkaloids are found in extracts of Citrullus colocynthis 
[33,40,50]. No research has been carried out for the Isolation 
of individual alkaloids and till date no identification has been 
done [51].

Volatile Compounds

Varieties of volatile compounds have been found in 
extracts of Citrullus colocynthis. Studies have shown the 
presence of 17 different types of volatile compounds in 
fruit extracts. Hydrocarbons present on the surface of fruit 
tridecane and tetradecane are found in lesser quantities 
whereas pentadecane and hexadecanes are found abundantly 
[16]. Volatile alcohols include 4-(1-methyl)-ethoxy-1-
butanol, 5-methoxy-2-methyl-1,2-pentanol, 1-cyclopentyl-
2-propene-1-ol and cis as well as trans isomers of 
2-furanomethanol-tetrahydro-5-methyl [52]. Volatile ketone 

include 3,4-dimethyl-2-hexa-none, 2-methy-1,2-heptanone 
[52].

Food Properties

Nutritional data collected by United States, Department 
of Agriculture USDA indicates that Citrullus colocynthis seeds 
have potential to be used as food purposes and its oil can 
be consumed as other vegetable oils. Fruit is used to feed 
animals and cooked for human [42].

Nutritional Values

Although Citrullus colocynthis is well known herb for 
its medicinal as well as food purposes but its nutritional 
values have not yet been evaluated significantly. Moisture 
contents and concentrations of fat, ash and proteins of seeds 
and fruits prove this plant is nutritionally very important. 
Seed composition is 50% essential oils, 30 % proteins, 10% 
carbohydrates and almost 3% are fibres. Mature fruits have 
much higher concentration of moisture. More than 90% of 
mature fruit content is moisture.

Edible Oil

Seeds are potential source of edible oil. Oil yield of 
Citrullus colocynthis is slightly higher than that of safflower, 
cotton, soybean and sunflower [53]. Seeds yield considerable 
amount of oils. Oil yield was 26.6g/100g from whole seeds; 
its colour was dark yellow, very mild odor and bitter in taste 
[44]. Seed kernel yielded more than 55% of oil, 56.5h/100g 
seed kernel [42]. In India seeds yielded more than 36% oil 
[54].

Proteins

There are 13% proteins in seed extracts and higher 
concentrations are seen in fruits [42]. Proteins and amino 
acid profiles of seeds and fruits are comparable to cotton, 
maize and sunflower but lower than soybean.

Amino Acids

Arginine, Tryptophan and Methionine are found 
abundantly in extracts of seed and fruits whereas Lysine, 
alanine, serine, gultamic acid, glycine and leucine are also 
found. Arginine and gultamic acid are found 19.8g/100g and 
15.9g/100g respectively [44]. Due to presence of adequate 
amount of amino acids extracts of Citrullus colocynthis are 
potent for the formulation of modern food products.

Minerals

Minerals and vitamins are important for normal growth 
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and body functioning. Calcium, Potassium, magnesium, 
phosphorus, sulfur, zinc and iron are found in seed and fruits 
extract [12]. Niacin and calcium are found in fruit extracts 
of Citrullus colocynthis these nutrients are good substitute 
for persons facing scarcity of milk. Calcium, Magnesium, 
Potassium, Sodium and Phosphorus are minerals found in 
fermented and unfermented seeds in varying percentages 
[55].

Cucurbitacins

Colocynthins and a large variety of cucurbitacins are 
major components of fruit extracts [29,56]. Cucurbitacins 
(Figure 1) are bitter tasting chemical compounds which 
are derived from cucurbitane-parent compound. These 
compounds are highly oxygenated, triterpenic chemical 
compounds having tetracyclic nature. Cucurbitacins are 
not considered steroidal compounds due to shifting of –
CH3 group from C10 to C9. Cucurbitacins are usually found 
in all members of cucurbitaceae family [57]. On the basis 
of chemical structure there are 12 types of cucurbitacins 
[47], among which 9 (Cucurbitacin A, B, C, D, E, I, J, K, L) 
are reported in Citrullus colocynthis [10,11,17,58]. Out of 9 
cucurbitacins found in fruit extracts Cucurbitacin E is most 
abundant [58]. Colocynthoside A and B are found in fruit 
pulp [51]. Due to cucurbitacin E antioxidant activity is seen 
in fruit extracts. Cucurbitacin A (2-O-β-D-glucopyranosyl), 
Cucurbitacin B (2-O-β-D-glucopyranosyl), Cucurbitacin C 
(2-O-β-D-glucopyranosyl) and Cucurbitacin D (2-O-β-D-
glucopyranosyl) are reported in fruit pulp [58]. Cucurbitacin 
E (2-O-β-D-glucopyranosyl) is reported from fruit extracts 
[17,59]. Cucurbitacin I (2-O-β-D-glucopyranosyl) and 
cucurbitacin L (2-O-β-D-glucopyranosyl) were isolated 
and identified from methanolic fruit extracts and tested for 
human breast cancer inhibitory activity [51]. Cucurbitacin J 
(2-O-β-D-glucopyranosyl) and Cucurbitacin K are reported 
in fruit extracts [59].

Figure 1: Cucurbitacins.

Colocynthosides

Colocynthoside A and colocynthoside B are found in 
methanolic fruit extracts of Citrullus colocynthis.

Traditional Uses

Every human being utilizes plants for its food and 
medicine and every plant has medicinal uses. A plant with 
numerous uses and higher levels of consumption in medicine 
is called restorative plant [3]. Ayurveda, Siddha and TCM 
depict that Citrullus colocynthis is a restorative plant. 
Traditionally Citrullus colocynthis was used for treatment of 
constipation, diabetes, arthritis, belly pain, chest infections 
and several other disorders [2]. In Indo-Pak it was used to 
treat digestive tract disorders, wound healing, influenza and 
tooth aches [60]. In subcontinent dried fruit powder is used 
for gastro-intestinal disorder, microbial infections and heart 
burns [61,62]. It is most widely used anti-inflammatory 
medicine in folk medicines of United Arab Emirates [63].

Fruits are bitter in taste and used to cure tumors, 
asthama, urinary tract disorders and jaundice. Rind of fruits 
is effective in treatment of bronchitis, arthritis, tuberculosis 
and constipation [11]. Fruits are used as abortifacient; rind 
is used as a paste to cure boils [14]. Its fruits are reported to 
be effective against asthama and leprosy [64]. Paste of fruit 
rind is a remedy for body ache especially joint pains [65]. 
Its fruits are used to cure common colds and pneumonia 
[8] gastritis, enteritis and dysentery [52]. Fruits are useful 
to reduce chances of bowels and vomiting [66,67]. Fruit and 
seeds are widely used to treat renal impairments [68], high 
blood pressure, skin problems and several kinds of allergic 
reactions [69]. Fruits are reported to be used for dermatitis, 
rheumatic pains and sore throat in Kingdom of Saudi Arabia 
[4]. Fruits are good remedy for inflammation of liver and 
spleen; jaundice [60]. Pulp of fruit is potent phlegmatic 
purgative [70]. Knee pain is relieved by pasting decoction 
of fruits [71]. Fruit pulp is useful to cure gouts, arthritis and 
sciatica [72]. Anemia, paralysis and colic can be cured by 
fruit decoction [73].

Seeds are useful to treat ulcer and enlarged spleen. Seed 
oil is used to cure dermatitis and hair blackening. Snake bites 
and epilepsy is cure by seed oil or past [48,74]. Seed paste is 
helpful for pimples and rashes [59]. Seed oil is used to treat 
cancer, mastitis and bronchitis [3]. Seeds are antidiabetic 
and seed oil is widely used to cure diabetes [75-77]. Extracts 
of seeds are useful to relief hypertension [78-80]. Seed oil is 
used for purifying blood and treatment of pimples [81].

Roots are used to treat chest infections, asthama, 
pneumonia and cough. Extracts of roots are potent to treat 
breast inflammations in animals and human [30]. For the 
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treatment of enlarged abdomen and gastric disorders in 
children, root paste is used [15]. Paste of whole plants is 
used to cure rheumatic arthritis and as a hepatoprotective 
ailment [65]. Leaves extracts are used to treat hepatitis and 
respiratory tract infections [59]. Constipation is treated with 
seed oils in Israel [48].

Ethnopharmacological Activities

Research has shown Citrullus colocynthis is a restorative 
plant, it is useful for the treatment of a large variety of 
disorders and diseases. It is reported to be useful against 
constipation, dysentery, heart burn, enteritis, gastritis, 
indigestion, arthritis, cancer, body aches, respiratory tract 
disorders, asthma, jaundice, bronchitis, common cold, sore 
throat, colic pains, leprosy, and diabetes and cough [11]. It 
shows a wide range of bioactivities including antimicrobial, 
antioxidant, cytotoxic activity, antidiabetic, antilipidemic, 
and analgesic, anti-inflammatory, insecticidal and 
hepatoprotective [11]. 

Antidiabetic Activity

Streptozotocin induced diabetic rats were given crude 
extracts of fruits for 8 weeks in experimental group and 
their β-cells of pancrease were examined along with blood 
sugar levels. It was noticed that fruit extracts reduced blood 
glucose levels and there was no effect on pancreatic cells [43]. 
Alloxan induced diabetic rats were given seed extracts of 
Citrullus colocynthis and insulin level in blood was monitored 
for 4 weeks. Study revealed that seed extracts enhance 
insulin production in diabetic rats [75]. Root extracts were 
used to study hypoglycemic effects in rabbits with alloxan-
induced diabetics. Blood sugar level was reduced by 58.7% 
by aqueous root extracts [82]. Fruit extracts were used to 
study insulinotropic effects in rabbits. Study was done to 
measure the release of glucose-stimulated insulin from 
pancreas. Study showed extracts are insulinotropic [41]. 
Extracts of leaves in ethanol were studied for antidiabetic 
activity and it was found that blood glucose levels were 
significantly decreased. Liver hexokinases, fructose-1,6-
biphosphatase and glucose-6-phosphatase were studied and 
it was noticed that leaf extracts decrease blood glucose levels 
and increase the activity of liver by promoting production of 
hexokinases [16]. Ethanolic extracts were administered in 
doses of 50 mg/kg to 100 mg/kg in diabetic albino rats for 28 
days. Results showed ethanolic extracts significantly reduce 
blood glucose level in diabetic rat after regular medication of 
28 days [83]. Antidiabetic activity of fruit extracts in ethanol 
was examined by measuring Thio-Barbituric Acid Reactive 
Substances (TBARS) in blood of diabetic rats. Ethanolic fruit 
extracts showed more decreased levels of TBARS in blood as 
compared to standard Glibenclamide at the dose of 0.5 mg/
kg [84]. Fruit extracts were administered to type II diabetic 

patients and fasting blood glucose levels were recorded. 
Treatment was given for 2 months regularly and fasting 
blood glucose levels were monitored. Data showed 22% to 
86% reduction in blood glucose levels [76]. Gradual decrease 
in blood glucose level was seen by administering petroleum 
extracts of fruits in diabetic rats [84]. Significant decrease in 
blood cholesterol and sugar levels was seen at dose of 300 g/
kg [85]. Aquous extracts of fruits were administered at 300 
g/kg and blood glucose level decreased from 132 mg to 93 
mg/100 ml. Different phytoconstituents showed decreased 
levels of blood glucose; Alkaloids decreased glucose level 
to 120 mg/100 ml, glycosides 89 mg/100 ml, saponins 
84 mg/100 ml [86]. Streptozotocin induced diabetic rats 
showed decreased blood glucose levels by administration of 
aqueous fruit extracts. Aqueous fruit extracts also showed 
significant decrease in ALT and AST [87].

Antilipidemic Activity

Seed powder was orally administered to non-diabetic 
patients and considerably decreased blood cholesterol and 
triglyceride levels [78]. Aqueous extracts of fruits were 
given to experimental rabbits and 75% reduction in blood 
cholesterol was noted [88]. Fruit extracts given to diabetic 
patients, showed decreased levels of triglycerides and High 
Density Lipids (HDL) [50]. Albino rats were given ethanolic 
extracts for 2 weeks. It was noticed that weight was lost 
gradually. Feces contained more amount of lipid as compared 
to control group which were given sunflower oil. Fasting 
blood lipid profile was done to monitor lipid levels. After 2 
weeks of administration significant decrease was noticed in 
LDL and HDL too [8].

Antimicrobial Activity

Broth macrodilution and disc diffusion assay were 
used to check antimicrobial activity of fruit extracts in 
hydroalcohol. Antifungal activities were checked against 
aspergillus species including Aspergillus niger and A. 
fumigates. Anti –candidal activities were checked for 
Candida krusei and C. guilliermondii. Minimum Inhibitory 
concentration was measured to be 3.125, 25, 1.56 and 
12.5 mg/ml against Aspergillus niger, A. fumigates, Candida 
krusei and C. guilliermondii respectively [89]. Ethanolic and 
aqueous extracts of whole plant showed marked inhibition 
against Staphylococcus aureus [33]. Ethanolic fruit extracts 
were studied for inhibitory effect against Staphylococcus 
aureus, Klebsiella pneumonia and Bacillus aureus and zone 
of inhibition was measured 18mm, 15mm and 18mm 
respectively [51]. Fruit pulp extracts in ethanol showed 
minimum inhibitory concentration of 31.25 µg/ml against 
16 strains of Mycobacterium tuberculosis [90]. Fruit extracts 
were prepared in ethanol, petroleum ether, acetone, distilled 
water and methanol. These extracts showed antibacterial 
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activity against Salmonella typhi, Escherichia cili, Shigella 
shigellae, Staohylococcus aureus and Candida albicans. 
Highest zone of inhibition was measured against Escherichia 
coli by acetone, methanolic and ethanolic extracts. Least 
zone of inhibition was studied that of petroleum ether [31]. 
Leave extracts in chloroform and acetone were studied for 
antibacterial activity against E. coli and S. aureus. Both the 
extracts showed no significant zones of inhibition [91]. 
Extracts of fruit were studied for their antimicrobial activity 
by agar well diffusion assay against Staphylococcus aureus, 
Escherichia coli, Streptococcus sp., Bacillus subtilis and Klipsella 
sp. Fruit extracts showed comparable zone of inhibition 
against Streptococcus sp. Minimum inhibitory concentration 
was found to be 600 µg/ml against Staphylococcus 
aureus [92]. Aqueous extract of roots were evaluated for 
antibacterial activity against Staphylococcus epidermidis, 
Klebiella pneumonia, Neisseria gonorrheae, Escherichia 
coli, Staphylococcus aureus and Pseudomonas aeruginosa. 
Extracts showed upto 75% diminution in cytopathic effect. 
Antifungal activity of aqueous extracts was studied against 
Geotricum candidum, Candida albicans, Aspergillus fumigatus 
and Trichophyton mentagrophytes. Extracts showed zones of 
inhibition ranging from 15 mm to 25.2 mm [93]. Minimum 
inhibitory concentration (MIC) was recorded 0.10 mg/ml 
against Candida albicans and Candida glabrata. MIC was 
recorded 0.20 mg/ml against Pseudomonas aeruginosa and 
Escherichia coli [56].

Anti-Inflammatory Activity

Carrageenan induced paw-edema and acetic acid 
writhing tests were performed to study analgesic effects of 
different extracts. Fruit and leaves extract showed significant 
analgesic and anti-inflammatory activities by reducing TNF-α 
and IL-6 in fats of rats [94].

Extracts of different parts in distilled water showed 
weight loss in albino rats; hence it is estimated that cytokines 
for excessive lipids may be reduced by aqueous extracts 
of Citrullus colocynthis [95]. Ethanolic root extracts were 
studied for anti-inflammatory activity against cytokine 
INOS, TNF-α, COX-2 and PGE2 in chondrocytes in patients 
with osteoarthritis. Ethanolic extracts of roots at dose of 20 
ng/ml were applied to macrophages (monocytes). Results 
reveal extracts can reduce proliferation of inflammatory 
substances in chondrocytes [96]. Aqueous extracts of fruit 
was administered to rabbits with carrageenan induced 
paw edema. These extracts showed 97% decrease in 
inflammation [68]. Ointment prepared from fruits in 
ethanol was used thrice a day to rats with paw edema and it 
showed 45% reduction in inflammation [97]. Fruit extracts 
in methanol were subjected to check anti-inflammatory 
activity against carrageenan induced paw edema, serotonin 

induced edema and prostaglandin E1-induced paw edema 
in albino rats. Extracts showed anti-inflammatory activity 
against all types of edema but the most significant results 
were seen against prostaglandin E1-induced paw edema 
[98]. Leaves extracts were used to isolate cucurbitacin B and 
E. Dose of cucurbitacins B and E in ratio of 1:1 was studied 
for antiproliferative effects against human breast cancer cell 
lines (MCF-7, ER+ and ER-MDA-MB-231). It was noted that 
an essential protein complex (cyclin B1 complex), required 
for cell proliferation/mitosis was absent. Hence cells were in 
G2/M Phase which was not dividing [99].

Antioxidant Activity

Aqueous extracts of fruit were given to diabetic rabbits 
and lipid peroxidation levels were used as makers. Fruit 
extracts showed significant radical scavenging activity [85]. 
Methanolic extracts showed 89.5% reduction in production 
of ascorbic acid [10]. Radical scavenging activity of aqueous 
extracts was measure to be 86% against ascorbic acid [10]. 
Seed extracts in distilled water were administered, the dose 
was 0.021 mg/ml, and it showed significant free radical 
scavenging [68]. Fruit extracts in ethanol were used to study 
inhibition of linoleic acid peroxidation and showed 76.5% 
reduction in free radicals [37]. Crude seed extracts were 
prepared in different solvents and subjected to DPPH assay to 
check free radical scavenging activity. Dosage was adjusted at 
2000 µg/ml. Ethyl acetate extracts showed highest inhibition 
(88%) while methanolic and aqueous extracts showed 
74.5% and 66.2% inhibition respectively [14]. Methanolic 
seed extracts were studied for antioxidant activity against 
H2O2 at 300µg/ml and showed 79.4% inhibition in reactive 
oxygen species [100]. Dose dependent results of free radical 
scavenging were seen in in-vitro antioxidant studies by 
ethanolic seed extracts. The dose of 800µg/ml showed 62% 
inhibition whereas dose of 600µg/ml showed 56% inhibition 
of DPPH radicals [30].

Organo-protective Activity

Anticonvulsant activity was measured in pentylene-
tetrazole induced convulsions in mice. Fruit pulp extracts in 
hydroalcohol were given at dose of 25 to 50 mg/kg/day and 
treatment continued for 20 days. It was seen that significant 
decrease in aminobutyric acid occurred in cerebral cortex. 
The anticonvulsant effect was noted to be dose dependent 
[101]. Methanolic extracts of seeds were studied for 
antiulcerogenic activity in Wister albino rats with pyloric 
ligation induced ulcer. It was seen that acidity of stomach 
was reduced upto 62%. At the dose of 200 mg/mg free acids 
and gastric volume was also significantly reduced [100]. 
Methanolic fruit extracts were studied for hepatoprotective 
activity in nitosodiethylamine induced hepatitis rats. Infected 
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rats showed elevated levels of LDL, HDL, Free Fatty Acids 
(FTA) and triglycerides. Fruit extracts were administered 
at dose of 200 mg/kg and showed significant decrease in 
LDL and triglycerides [30]. Fruit extracts were studied for 
organoprotective effects in diabetic rats. Urea, Creatinine and 
serum albumins were studied to check functions of kidneys. 
Fruit extracts were administered at the dose of 50 mg/kg/
day for 20 days. Examination showed upto 56% decrease 
in serum albumin and creatinine secretions and urea was 
deceased upto 81% [102]. Seed extracts were studied for 
nephroprotective activity in gentamicin induced illness in 
rats. Experimental group was administered seed extracts 
in dose of 80 mg/kg. Results depicted that seed extracts 
decrease serum albumin, creatinine, blood glucose and blood 
urea as compared to control group animals [103].

Cytotoxic Activity

Ethanolic fruit extracts were studied for their cytotoxic 
effects against Hep2 and L929 cancer cell lines in Wistar 
rats. Dose of extracts was adjusted from 100 to 250 mg/
kg/day. Significant reduction in proliferation of Hep2 and 
L929 was noticed in dose dependent manner [104]. Leaves 
extracts and nanoparticles were evaluated for cytotoxic 
effects. Study revealed that combination of nanoparticles 
and leaves extracts are not as potent cytotoxic as alone 
nanoparticles or leaves extracts [3,64]. Alkalois from fruit 
extracts demonstrated significant cytotoxic activity against 
human breast cancer cell lines (MCF-7, HepG-2) and Artemia 
salina naupli [40]. Diabetic rats were administered crude 
extracts and liver cells were studied by microscopy to check 
damages. It was seen that rats administered with crude 
extracts had damaged hepatocytes but this damage was not 
greater than those with no treatment [105]. Cytotoxic effects 
of leaves extracts were studied against 5 cancer cell line viz. 
HT29, N2A, H56, MCF7 and VCREMS using MTT assay. The 
dose of extracts administered was 500µg/ml. It was noted 
that extracts showed 91.84% prohibition against MCF7 and 
85.58% prohibition against HT29 cell lines [106]. Leaves 
extracts were studied against human breast cancer ER-MDA-
MB-231 and MCF7 cell lines. Study of cell cycle showed that 
extracts have pleiotropic effects and can cause apoptosis 
[107].

Antiparasitic Activity

Leishmania denovani strains (MHOM/IQ-982-BRCI) 
were used to study antiparasitic effects of fruit extracts. 
After infection of 2 weeks liver and spleen became swollen. 
Ethanolic fruit extracts were given at dose of 20 to 100 mg/
kg and significant reduction in liver and spleen inflammation 
as well as 80% mortality of parasites was recorded. 
Histopathological data showed no proliferation of parasite 
or macrophages and normal histology of liver cells [108].

Insecticidal Activity

Ethanolic and petroleum ether extracts of leaves were 
used to study larvicidal activity against Aedes aegypti and 
Culex quinquefasciatus. Extracts were implied to larvae for 24 
hours at 250 µg/ml and showed insecticidal activity against 
Aedes aegypti (LC50=74.57 ppm) and highest insecticidal 
activity was against Culex quinquefasciatus (LC50=88.24 
ppm). Petroleum ether extracts showed more larvicidal 
activity as compared to ethanolic extracts [109]. Insecticidal 
activity of Citrullus colocyntis fruit extracts in n-hexane, 
methylene, chloroform and ethanol against Aphis craccivora 
was tested using concentrations of 23065, 19497, 17328 
and 11003 ppm respectively. All extracts showed insecticidal 
activity but ethanolic extracts showed highest insecticidal 
activity [59]. Fruit extracts were evaluated to inhibit 
Androctonus australis hector venom (Aah). It was noted that 
scorpion bite can be cured with fruit extracts [110].

Antialopecial Activity

Fruit extracts in petroleum ether were examined for 
antialopecial activity against androgen-induced alopecia 
in albino rats. Study of follicular density, skin sections and 
anagen to telogen (A/T) ratio showed significant antialopecial 
activity. Extracts showed greater number of hair follicles in 
anagenic phase as compared to finastride standard solution 
[111]. Hair growth promotion was studied in albino rats 
using ethanolic extracts of fruits. Hair growth ratio and rates 
were significantly greater than the standard drug Minoxidil 
2%. More than 70% follicles were recorder in experimental 
group while treating with ethanolic extracts and standard 
drug showed 67% hair follicles in anagenic phase [95].

Side Effects (Toxicity)

Fruit extracts in ethanol were studied for side effects 
and it was seen that ethanolic extracts showed teratogenic 
effect while used in early stage of pregnancy in albino rats. It 
also showed weight loss and small sized fetus [34]. To check 
toxicity of crude extracts 100 and 200 mg/kg/day extracts of 
fruit pulp and seeds were used. Rabbits were used as model 
organisms and extracts were administered for one month. 
Histopathology was done after treatment for one month. It 
was seen that dose of 200 mg/kg day induced severe lesions 
in liver and kidneys. It was also noted that seed extracts 
are not lethal as those rabbits which were treated with 100 
mg/kg/day seed extracts showed little or no side effects; 
whereas fruit pulp extracts were damaging at 200 mg/kg/
day and lesions were seen in intestines, liver and kidneys 
[112]. Grinded fruit powder was administered to sheep for 
42 days at the dose of 0.25 g/kg/day. All animals survived 
and show no apparent symptoms of toxicity. However slight 
diarrhea and catarrhal enteritis was noticed. Histopathology 
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shoed kidneys and liver cells were somewhat damaged [58]. 
Crude ethanolic extracts were studied for antifertility effects 
in male albino rats. Extracts were administered for 20, 40 
and 60 days in different groups at the dose of 100 mg/kg/
day. Groups were allowed to recover for 60 days after the 
treatment with crude ethanolic extracts. It was noticed that 
testis size and weight was significantly reduced as well as 
epididymis and prostrate glands were also shrinked. Sperm 
motility was greatly reduced; number of sperms was also 
reduced. Testosterones were recorded circulating in blood 
and testicular cholesterol levels were also elevated [113]. 
Ethanolic extracts were administered to female rats to check 
antifertility effects. Dose was adjusted to 400 mg/kg/day and 
3 different experimental groups were formed. Extracts were 
administered for 4, 8 and 12 weeks. After administration 
of extracts for specified period of time female rats were 
crossed with male rats and after 10 days autopsied to check 
pregnancy, fetus size and weight, morphology and anatomy 
of female reproductive organs. It was noticed that exposure 
for 4 weeks have lesser effects whereas 12 weeks exposure 
caused significant decrease in number of pregnancies, if 
pregnancy occurred then fetus size was greatly reduced. 
Number of viable fetus was decreased in group with 12 weeks 
exposure. Ovarian weight was also reduced significantly 
[114].

Bioactivities of Cucurbitacin

Cucurbitacins were used to test radical scavenging 
activity using ABTS assay. They showed significant radial 
scavenging activity [99]. Cucurbitacins B and E were added 
in 1:1 and tested for cytotoxic activity against human breast 
cancer cell lines. Combination of these 2 cucurbitacins 
showed comparable results [39]. Cucurbitacin B extracted 
from fruits showed significant inhibition of proliferation of 
Hep-2 (Human laryngeal cancer cell line). Extracts showed 
28% inhibition of proliferation at dose of 100 µM [115]. 
Cucurbitacin B was isolated from fruit glycosides and tested 
for cytotoxic activity against Human GBM cell lines. It showed 
50% reduction in rates of proliferation [116]. Cucurbitacin E 
from fruit extracts were used to study antiallergic activity in 
mice with Passive Cutaneous Anaphlyaxis (PCA). Cucurbitacin 
E showed 72.5% reduction in allergic effects [17, 117,118].
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