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Abstract

The Citrullus colocyn plant grows in some Libyan regions, especially at Al Gabal Al Akhder, and was
considered as medicinal plant. In this study, the extracts of the seed and fruits of Citrullus colocyn.
This plant was used as an antibacterial agent against gram-positive bacteria (Staphylococcus aureus,
Bacillus cereus, and Streptococcus pneumonia) and gram-negative bacteria (Escherichia coli and
Proteus vulgaris). Also, the phytochemical, total phenols, and antioxidant activities were detected.
The results showed some natural product compounds such as carbohydrates and/or glycosides,
flavonoids, sterols and/or triterpenes, cardiac glycoside, and small variations of their contents in
aqueous and alcoholic extracts. For the antibacterial activities, higher concentrations of extracts (0.1
-0.8 g/ 100 ml) showed high effects compared with lower ones (0.0001 -0.1 g/100 ml) against the
selected bacteria in this study. There is a relative increase in total phenols and antioxidant contents
in fruit extracts compared with seeds. The study concluded that the presence of natural product
compounds was the main reason for the inhibition of bacteria, and the difference of the effects was
attributed to the effect of solvent polarizes during the extraction
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Introduction

World Health Organization survey indicated that about 70-80% of the world's population rely on
nonconventional medicine, mainly of herbal sources, in their primary healthcare. This is especially the case
in developing countries where the cost of consulting a Western-style doctor and the price of medication is
beyond the means of most people [1].

Medicinal plants (MP) have been used in folk medicine in Libyan rural areas at relatively cheaper expenses
than modern medicine. They have been widely used as diuretics, topical anti-inflammatories, and
haemostatics [2]. Plants generally produce several secondary metabolites like phenols, flavonoids, quinones,
tannins, alkaloids, saponins, and sterols which are important sources of biocides and many other
pharmaceutical drugs [3]. Medicinal plants are important in pharmacological research and drug
development [4]. Citrullus colocynthis (cucurbitaceae) is a native of arid soils. It is commonly found in Saudi
Arabia, Syria, Jordan, Egypt, Iran, India, and Pakistan. It is commonly known as Hanzal, Indrian, Tumma,
or Bitter apple. It is a large creeping herb with deeply dissected lobulate leaves. Flowers are solitary,
monoecious of yellow colour. Fruits rounded 7-9cm in diameter, green and white, striped become yellow
when ripe. The Citrullus colocynthis of family Cucurbitacece is useful against fever, intestinal parasites,
hepatic and abdominal diseases, visceral and cerebral congestions.

Fruit juice with sugar is a household remedy in dropsy. Seeds are diuretic. Fruits are used against tumors
of the gastrointestinal tract. It is more pronouncedly used in anticancerous drugs. It is effective in leukemia
and joint pains.C. colocynthis is widely used by rural inhabitants as a purgative, anti-diabetic, anti-
neoplastic, anti-rheumatic, and anti-allergic agent. They are found mainly in plants belonging to the
Cucurbitaceae family but have also been found in several other families of the plant kingdom [5]. Although,
the whole fruit is often used for the treatment of the aforementioned diseases, but some particular parts of
the fruit are also used for specific purposes. One such example is the traditional application of the dried
pulp and seed extract of C. colocynthis for the treatment of constipation and diabetes [6,7]. The use of
colocynth as a drug has been documented in ancient times and religious books [8].

C. colocynthis is traditionally used as an antidiabetic medication in tropical and subtropical countries [9].
This study was conducted to investigate for the following targets: Phytochemical screening of Citrullus
colocynthis) which is growing at Al-Gabal AL-Akhder region Libya. Determination of the total phenolic
compounds of the selected plant. Measured the antioxidant activity of the studied plants and evaluated the
antimicrobial activity of methanol extracts from fruits and seeds of Citrullus colocynthis uses against a
variety of microorganisms causing infectious diseases in humans.
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Methods

Selection of medicinal plants for this study

Due to the important many plants which used at AL-Gabal AL-Khder region This study was designed to
select one of medicine plant used in traditional thereby collected from Al-Gabel Al —-Kadar Region during
spring 2024, the samples include; Citrullus colocynthis L Fruits and seeds of Plant were separated and
washed with distilled water several times, then dried in open air (Figure 1).

Taxonomical investigation
The collected samples were identified in Seliphium herbarium, Botany Department, Faculty of Science, Omar
Al Mukhtar University.

Figure 1. Citrullus colocynthis L Fruits

Phytochemical screening
All the Phytochemical screening tests were carried out according to standard methods [10].

Test for sterols and/or triterpines

Libermann-Burchad's test

One ml of the chloroform extract of each sample, 0.3 ml of acetic anhydride was added then followed by few
drops of concentrated sulphuric acid along the side of the dry test tube. A reddish-violet colour is produced
at the junction of the two layers, and chloroformic solution acquires a green colour in case of the presence
of sterols and/or triterpenes

Test for flavonoids

The extracts (alcohol and aqueous) of the tested herbal plants were further extracted with 1% hydrochloric
acid; each extract was subjected to the following test: 10 ml of each extract is rendered alkline where a faint
yellow colour is produced in case of the presence of flavonoids.

Test for alkaloids

The extracts of the tested herbal plants were further extracted with 20ml of dilute hydrochloric acid, cooled
and rendered alkaline with dilute ammonium hydroxide solution, then extracted with chloroform. The
chloroform extract is subjected to the following test: The preparation of the reagent: Solution a: 0.85 g of
basic bismuth nitrate is dissolved in a mixture of 10 ml acetic acid and 40 ml water. Solution b: 8 g
potassium iodide in 20 ml water. Stock solution: Equal volumes of solutions a and b are mixed. A few drops
of chloroformic extract were applied to filter paper, allowed to dry, and sprayed with the reagent. An orange
color is observed in cases of the presence of alkaloids.

Test for tannins

The extracts (alcohol and aqueous) of the tested herbal plants were furthery extracted with ethanol 50%,
filtered, the hydro-alcoholic clear solution is subjected to the following test: 1ml of the reagent (1% FeCls) is
added to the hydro-alcoholic solution. Blue colour develops in cases of the presence of tannins.

Test for carbohydrates and /or glycosides

The extracts of the tested herbal plants were further extracted with water; the produced aqueous extract
was subjected to Molish test as follows: Two ml of the extract was mixed with 0.2 ml ethanolic a-naphthol
(20%), and 2ml of concentrated sulphuric acid was added on the side of the dry test tube. Violet ring is
observed at the junction of the two layers cases of the presence of carbohydrates and/or glycosides.
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Tests for cardiac glycosides

One ml of each extract of the tested herbal preparations was dissolved in glacial acetic acid containing traces
of ferric chloride; concentrated sulphuric acid containing the same amount of ferric chloride is placed at the
bottom of the test tube with a pipette where intense blue colour at the surface between the reagents develops
for 2-5 minutes, spreading gradually into acetic acid layer, in cases of the presence of deoxy- sugars.

Test for anthraquinones
One ml of each of the successive extracts of aqueous ammonia or caustic soda is added and shaken. The
rose-red color in the aqueous layer develops as a result of the presence of anthraquinone glycosides.

Test for saponins

Chemical studies

Five ml of tap water is added to 1 ml of each extract, then shaken vigorously for five minutes, froth develop
having 1cm high and persists for 15 minutes indicates the presence of saponins.

Determination of total phenols by Folin Ciacalteu Method

Aliquots of the extracts were taken in a 10 ml flask and made up to a volume of 3ml with distilled water.
Then 0.5 ml folin ciocalteu reagent (1:1 with water) and 2ml NaxCO3 (2 %) were added. The test solutions
were warmed for 1 minute, cooled, and absorbance was measured at 650 nm against the reagent used as a
blank. A standard calibration plot was generated at 650 nm using known concentrations of tannic acid from
4 to 20ug/ml [11].

Determination of antioxidant power by prussian blue method

One gram of powder was defatted with petroleum ether. The defatted powder was then extracted sequentially
by stirring with 10 ml methanol twice, then with 10 ml 1% hydrochloric acid: methanol(v/v). The three
combined extracts were evaporated under a vacuum, and the residue was dissolved in 10 ml methanol. Half
ml of the solution was diluted with 3 ml distilled water, 3 ml 0.008M K3Fe(CN)¢ was added, 3 ml 0.1M HCI,
and 1 ml 1% FeCls. The blue color is allowed to develop for 5 min, and the absorbance is measured at 720
nm against the blank [12].

Antimicrobial activity

Preparation of extracts

The whole aerial part of plants collected was identified were dried shade and reduced to coarse powder using
a mechanical grinder. The powdered plant (50g) was extracted for 72h with methanol 80 % using rotary
evaporator and stored at 4 9C until further use [13&14].

Microorganisms
The following bacteria and fungus were investigated in order to determine whether the extracts were effective
against them:

Bacterial strains

Gram positive bacteria

Three species of Gram positive (Staphylococcus aureus and Bacillus cereus Streptococcus pneumoniae) were
used and obtained from Department of microbiology El-Bayda Hospital.

Gram-negative bacteria

The species of selected bacteria was obtained from the Department of Microbiology at El-Bayda Hospital.
Obtained from Department of microbiology of Faculty Veterinary Medicine Omar Al- Mukhtar University El-
Bayda, Libya.

The minimal inhibition concentration determination

The agar well diffusion method was used to assess the antimicrobial activity of the plant extracts. A sterile
standard borer was used to create wells on each plate after bacterial and fungal strains were seeded on
Mueller-Hinton (MH) agar plates and potato Dextrose Agar (PDA) plates, respectively [15]. The plates were
incubated for 24-48 hours at 37°C for bacteria and 48-72 hours at 28°C for fungi after 30pl of the various
quantities (0.8, 0.4, 0.2, 0.1, 0.01, 0.001, 0.0001, 0.00001 g/ml) of the plant extracts under study were
added to each well. The results are shown as the mean of the three measurements of the inhibitory zones.
Following established protocols, the minimal inhibitory concentration (MIC) values were assessed [16 &17].
Only microorganisms exhibiting inhibitory zones were used to calculate the least inhibitory concentration
(MIC). Plant extracts were diluted, and S0pl of each dilution was pipetted into wells containing extracts
ranging in concentration from 0.8 to 0.00001 g/ml in order to calculate the minimum inhibitory
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concentration (MIC). The lowest concentration that prevented apparent microbial growth was known as the
minimum inhibitory concentration (MIC) [18].

Antibiotic sensitivity tests

In vitro antimicrobial susceptivity to nine antibiotics (Table 1). The inoculums were prepared by adding
isolated colonies of the microorganism from an overnight nutrient agar plate into 2ml tryptone soya broth
(TSB). A sterile cotton swab was dipped into the adjusted suspension. The swab was rotated several times
and pressed firmly on the inside wall of the tube above the fluid level to remove excess inoculums from the
swab. The swab was streaked over the entire surface of the sterile Mueller Hinton Agar plate. This procedure
was repeated by streaking two more times, rotating the plate approximately each time to ensure an even
distribution of inoculums. Plates were allowed to dry for 5 minutes, and then the antimicrobial disks were
dispensed onto the surface of inoculated agar plates using an antibiotic. After that, the plates were incubated
for 18 to 22 hours at 37°C. Using venier calipers (Junior), the diameters of the zones of inhibition are
measured to the closest millimeter. The zones' diameters were evaluated as either resistant (R) or susceptible
intermediate (I) by NCCLS (2005) [18].

Table 1. Antibiotic Sensitivity testing

Antibiotic Symbol Concentration
Kanamycin K 30mg/ml
Gentamicin CN 10mg/ml
Chloramphenicol C 30mg/ml
Cefotaxime CTX 30mg/ml
Ticarcillin TIC 75mg/ml
Mezlocillin MEZ 73mg/ml
Sulphamethoxazole/trimethoprim SXT 25mg/ml
Tetracycline TE 30mg/ml

Ofloxacin OFX Smg/ml

Results

Phytochemical screening studies

The samples were screened for the following constituents: carbohydrates and/or glycosides, tannins,
flavonoids, sterols and/or triterpenes, saponins, and anthraquinone. The obtained results were recorded in
table (2) and revealed the presence of carbohydrates and/or glycosides, sterols and/or triterpenes and
cardiac glycosides and alkaloids in all plants, while saponins were absent in all studied plant. The flavonoids
found in Citrullus colocynthis plant have a high concentration in alcoholic extracts of fruits, while found low
concentration in aqueous extracts. while found equal concentration in aqueous and alcoholic extracts in
Citrullus colocynthis seeds plant. The anthraquinones were not found in Citrullus colocynthis. Tannins are
not found in Citrullus colocynthis. The carbohydrates and/or glycosides were found in equal concentration
in aqueous and alcoholic extracts in Citrullus colocynthis seeds plant while found in high concentration in
alcoholic extracts in Citrullus colocynthis fruit. The carbohydrates and/or glycosides were found in high
concentration in alcoholic extracts in Cynara cornigera fruit plant while found low concentration in aqueous
extracts. The alkaloids were found in high concentration in alcoholic extracts in Citrullus colocynthis seed
plant and low concentration in aqueous extracts while found in high concentration in alcoholic extracts in
Citrullus colocynthis fruit plant and low concentration in aqueous extracts.

The cardiac glycosides were found in equal concentration in aqueous and alcoholic extracts in Citrullus
colocynthis seeds plant, while found low concentration in aqueous extracts, the Cardiac glycosides.
Phytochemical screening revealed that C. colocynthis extract contains triterpene, flavonoids, tertiary and
quaternary alkaloids, glycosides, and saponin compounds [19,20]. Confirmed that; three phytochemical
constituents were identified in C. colocyn. This Shard seed extracts as alkaloid, steroid, glycosides and
flavonoids [21].

Chemical studies

Determination of total phenols:

The concentrations of total phenol contents in plant extracts was determined using Folin Ciacalteu Method
the obtained observations are mentioned in table 3, total phenols content was found to be in methanol
extracts of Citrullus colocynthis fruit plant 146.84 mg/ml while total phenols content was found to be in
aqueous extracts of Citrullus colocynthis fruit plant 219.92mg/ml. Total phenols contents were found to be
in methanol extracts of Citrullus colocynthis seed plant 108.79 mg/ml while total phenols content was found
to be in aqueous extracts of Citrullus colocynthis seed plant145.83mg/ml (Table 3).
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Table 2. Phytochemical screening of the studied each plant

Citrullus Colocynthis
Plant Chemical Test Seeds Fruit

Aq Al Aq Al

Saponins _ _ _ _

Tannines _ _ _ _
Carbhydrate and/or Glycosides + + ++ +++
Alkaloids + ++ ++ +++
Flavonoids + ++ + ++

Anthraquinones _ _ _ _

Steroids and/or Triterpenods / + / +
Cardiac Glycosides + + ++ +++

(+) Present (-) Absent (/) Not Detected

Total phenols contents were found to be in methanol extracts of Cynara cornigera fruit plant 648.61mg/ml
while total phenols content was found to be in aqueous extracts of Cynara cornigera fruit 278.5in total
phenols content. Among the studied plants, Cynara cornigera contained the highest amount of total phenols,
followed by Citrullus colocynthis. The Folin-Ciocalteu method is a rapid and widely-used assay to detect the
total phenolic content, but it is known that different phenolic compounds have different responses in the
Folin-Ciocalteu method. Phenolic and flavonoid compounds have been reported to be responsible for the
antioxidant activities of medicinal plants and other botanical materials [22].

Table 3. Total phenols contents in Citrullus colocynthis:

Plant Citrullus colocynthis
Total phenols (mg/g) Seeds Fruits
Extract water 145.83 219.92
Extract methanol 108.79 146.84

Determination of antioxidant
Evaluation of the antioxidant activity by using the prussian blue method. The obtained observations
mentioned in table 4 were found to have different levels of Antioxidant potential of the fruit Citrullus
colocynthis, which was observed at a maximum 48.740mg/ml while found at seeds citrullus colocynthis.
This plant has antioxidant activity. The Fruit part and Fruit pulp of Citrullus colocynthis plant have been
explored for antioxidant activity [23].
Table 4. Antioxidant in Citrullus colocynthis

Citrullus colocynthis

) ?lant Seeds Fruits
Antioxidant(mg/g) 38.074 48 740

Antimicrobial activity

The antimicrobial activity studies were carried out on solvents extracts for all studied plants in both, seeds
and fruits, against the selected bacteria and fungi species. The results of antimicrobial tests are shown in
Tables (5-9) and were described in Table 5, showed different concentrations of studied plants extract against
Staphylococcus aureus. The results showed that the inhibition zone and MIC in all extracts recorded at 0.1
g/ml. Similar results were observed by some studies [24].

Table 5. Antimicrobial activities of different concentrations of studied plant extract against
Staphylococcus aureus

Samples .

Concenlt’ration Fruits seed
0.8 g/ml 19 28
0.4g/ml 17 26
0.2 g/ml 15 24
0.1 g/ml 10 19

0.01 g/ml N.A N.A
0.001g/ml N.A N.A
0.0001g/ml N.A N.A
0.00001g/ml N.A N.A
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Bacillus cereus

By applying different concentrations of studied plant extract against Bacillus cereus the results showed that
the inhibition zone and MIC of all extracts was recorded at 0.1 g/ml except for Cynara cornigera fruits, where
the inhibition zone was 0.01g/ml (Table 6). The extract effect on both gram-positive and gram-negative
bacteria, the present result agrees with some of studies [25] (Table 6).

Table 6. Antimicrobial activities of different concentrations of studied plant extract against
Bacillus cereus

Samples .
Conceni)ration Fruits Seed
0.8 g/ml 33 31
0.4g/ml 27 28
0.2 g/ml 25 23
0.1 g/ml 22 20
0.01 g/ml N.A N.A
0.001g/ml N.A N.A
0.0001g/ml N.A N.A
0.00001g/ml N.A N.A

Streptococcus pneumoniae

Table 7 shows different concentrations of the studied plant extract against Streptococcus pneumoniae.
Results showed that inhibition zone and MIC at 0.1 g/ml for c. colocynthis seed, where the inhibition zone
was 0.01g/ml except for fruits of Citrullus colocynthis no zones of inhibition did not show any effect on the
bacterial growth. Similar results were observed in a previous study [26].

Table 7. Antimicrobial activities of different concentrations of studied plant extract against
Streptococcus pneumoniae

Samples. Fruits Seed
Concentration
0.8 g/ml 33 31
0.4g/ml 27 28
0.2 g/ml 25 23
0.1 g/ml 22 20
0.01 g/ml N.A N.A
0.001g/ml N.A N.A
0.0001g/ml N.A N.A
0.00001g/ml N.A N.A

Gram-negative bacteria

Escherichia coli:

Table 8 shows the different concentrations of the studied plant extract against Escherichia coli that were
tested. The results showed the inhibition zone at 0.1 g/ml for seeds Citrullus colocynthis. Similar results
observed were recorded previously [23].

Table 8. Antimicrobial activities of different concentrations of the studied plants extract against
Escherichia coli

Samples C. Colocynthis

Conc. Seed Fruits
0.8 g/ml 30 21
0.4 g/ml 25 19
0.2 g/ml 19 17
0.1 g/ml 17 10
0.01g/ml N.A 3
0.001g/ml N.A N.A
0.0001g/ml N.A N.A
0.00001g/ml N.A N.A

Proteus vulgaris
Table 9 shows different concentrations of the studied plant extract against Proteus vulgaris that were tested.
The results showed that the inhibition zone and MIC of all extract recorded at 0.1 g/ml, except for fruits of
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Citrullus colocynthis no zones of inhibition did not show any effect on the bacterial growth, which showed
that it kills bacteria in respective to their cell wall structure, however other studies showed that gram-
positive bacteria are more sensitive than gram negative bacteria or vice versa [27].

Table 9. Antimicrobial activities of different concentrations of the studied plants extract against
Proteus vulgaris

Samples. Seeds Fruits
Concentration

0.8 g/ml 16 NA
0.4g/ml 13 NA
0.2 g/ml 11 NA
0.1 g/ml 10 NA
0.01 g/ml NA NA
0.001g/ml NA NA
0.0001g/ml NA NA
0.00001g/ml NA NA

Antibiotic Sensitivity

Table 10 shows the rates of sensitivity of Gram-negative and Gram-positive bacteria results showed that the
sensitivity pattern of S. aureus was sensitive to K, CN, C, MEZ, SXT, TE, OFX and resistant to CTX, TIC.
However, B. cereus was sensitive to K, CN, and C resistant to CTX, TIC, MEZ, SXT, TE, OFX. Whereas S.
pneumoniae was sensitive to CN, C, MEZ and resistant to K, CTX, TIC, SXT, TE, OFX. E. coli was sensitive
to K, C, and MEZ, resistant to CN, CTX, TIC, SXT, TE, and OFX. Moreover, p. vulgaris was resistant to all
antibiotics K, CN, C, CTX, TIC, MEZ, SXT, TE, and OFX. Antimicrobial resistance developed by microbes
against antibiotics opens serious debates on this issue and is recognized as a serious problem by the global
medicinal and research community [28].

Table 10. Antibiotic Sensitivity testing

Organism
Antibiotic Symbol | Concentration
S.aureus | B.cereus | S.pneumoniae | E.coli | p.vulgaris

Kanamycin K 30mg/ml S S R S R
Gentamicin CN 10mg/ml S S S R
Chloramphenicol (] 30mg/ml S S S S R
Cefotaxime CTX 30mg/ml R R R R R
Ticarcillin TIC 75mg/ml R R R R R
Mezlocillin MEZ 73mg/ml S R S S R
Sulphamethoxazole/trimethoprim SXT 25mg/ml S R R R R
Tetracycline TE 30mg/ml S R R R R
Ofloxacin OFX Smg/ml S R R R R

S-Sensitive; R-Resistant.

Discussion

In this study, the extracts of seeds and fruits of Citrullus colocynthis plant showed anti-bacterial activities
of the studied bacteria species of negative gram and positive gram bacteria. The difference of the effect of
extracts on the bacteria is mainly due to the presence of amounts of natural compounds as phenols and
flavonoids and other compounds [23-26]. The main mechanism of the damage bacteria is mainly due to the
attack extracts or compounds the wall of bacteria. Many studies showed the same results after using plant
extracts against different species of bacteria, they attributed that to compounds' presence in the extracts
[15 -20]. Also, the antibacterial observations of Citrullus colocynthis extract at different concentrations have
that able to inhibit the growth of the selected bacteria species that agreement with the results of [29], who
studied guava extracts against food born pathogen and spoilage bacteria that due to the phenolic
components which make them effective against the tested microorganisms. This result was confirmed by
[30], and these observations also matched with that of the findings of [31], who showed the antibacterial
activity of guava leaf extracts based on how the phenolic components act, particularly flavonoids. These
results are also in harmony with [32], who exhibited the antibacterial activity of guava against food-borne
pathogens. According to the study, the extracts of Ziziphusspina christi of all parts act as antibacterial agents
against the tested pathogenic bacterial strains. This inhibition is attributed to existing tannins, as well as
other active components like saponins, flavonoids, steroids, and glycosides [33]. This result is recorded by
those results stated in some antibacterial investigations [34], which found the seed extracts were effective
only against three bacterial strains. and also confirmed by a study recorded that the most active extracts
observed by M. alba against Gram-positive and Gram-negative bacteria [35]. That activity may be due to the
plant being rich in phyto constituents slike as tannins, phytosterols, sitosterols, saponins, anthroquinones,
glycosides, and Oleanolic Compounds [36].
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Conclusion

According to the results obtained in this study, different natural compounds were detected in the studied
extracts of Citrullus colocynthis plant. Also, the results of the antibacterial investigation showed that the
higher concentrations of extracts gave higher activity compared with lower ones against some selected
bacteria species. The study revealed that the effect of natural compounds' presence in the extracts
investigated in this study mainly gave the anti-bacterial activates.
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