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ABSTRACT

ARTICLE INFO

Ethanol and acetone extracts of Cucurbita pepo leaves were in vitro analyzed to
determine the vitamin contents, antioxidant, anticancer, and antimicrobial
activities. According to HPLC analyses, the leaves contained slight amounts of
vitamin C, A, and E. The analysis for antioxidant activity revealed that both
ethanol and acetone extracts exhibited high activity values against ABTS"™, OH’,
and DPPH'’ radicals. The total phenols and flavonoid assay revealed high values
for the extracts. The MTT test showed that both ethanol and acetone extracts
exhibited cytotoxic activity toward human breast cancer cells (MCF-7). But no
significant activities observed against hepatocellular carcinoma cells (HepG-2).
The antimicrobial activity assay revealed activity of the extracts towards selected
Gram's positive and Gram's negative bacteria. These results have provided
scientific motivation to use Cucurbita pepo leaves as a medicinal plant to treat
oxidative and inflammatory-related diseases.
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1. Introduction compounds,

Cucurbita pepo are phytochemicals that are affluent in

vitamins,
phytates, and tannins that are responsible for the

minerals, alkaloids, saponins,

antioxidants and have many health benefits [1]. They
prevent and help reduce many diseases by being rich in
vitamins and minerals, besides antioxidant and anti-
inflammatory properties [2]. Cucurbita pepo contain
water, protein, fat, carbohydrate, fibre, calcium, iron,
potassium, sodium, magnesium, phosphorus, zinc, vitamin
C, vitamin B (B, B,, B3, B, By), p-carotene, vitamin E,
vitamin K;, saturated fatty acids, as well as
polyunsaturated fatty acids [3]. In addition to phenolic

antioxidant and antimicrobial activity [4-6]. Antioxidants
are compounds that inhibit, decrease, or repair damage
caused by free radicals. Free radicals are ions or
molecules with an unpaired electron; they either donate
these unpaired electrons or receive electrons from other
molecules leading to reactions that cause oxidative stress
(imbalance between the free radicals produced and the
antioxidants that neutralize them) and diseases. Free
radicals either produce endogenously during cellular
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metabolism, or come from external causes such as X-ray
radiation, etc. [7,8]. The mechanism of antioxidants
defense against free radicals includes prevention of free
radicals and their derivatives activity, repairing and
disrupting oxidative reactions, as well as inactivation of
free radicals’ yields [9].

Antioxidants are divided into natural antioxidants, that
either exist within the human body (endogenous) such as
superoxide dismutase, etc. or can be consumed from
dietary sources (exogenous) such as vitamins, etc. [10,11].
Synthetic antioxidants such as cerium oxide nanoparticles,
etc. [11,12]. The antioxidants that exist in Cucurbita pepo
leaves are: vitamin C (which hinders free radicals,
preserves against oxidative damage, etc.) [13,14], B-
carotene (which scavenges free radicals and inhibits lipid
peroxidation as well as reducing ischemic heart disease
etc.) [15,16], vitamin E (which prevent cell wall damage
caused by free radicals, and regulate specific enzymes that
aid the antioxidant mechanism, etc.) [17], vitamin K;
(which inhibits cell death that results from oxidative
stress, inhibit lipid peroxidation, as well as having anti-
inflammatory activity, and reducing type 1 diabetes, etc.)
[18-21], zinc (which takes part in the antioxidant
mechanism and reduces oxidative stress, as well as
protecting against genetic mutations, etc.) [22], phenolic
acids (that are strong antioxidants, have antitumor
properties, and inhibit lipid peroxidation, etc.) [23-25],
tannins (that reduce free radicals, as well as having
antibacterial, cardioprotective, antitumor, and anti-
inflammatory properties, etc.) [26-28], flavonoids (that are
potent antioxidants, prevent lipid peroxidation, as well as
having anticancer, hepatoprotective, anti-inflammatory,
and antibacterial properties, etc.) [29,30], alkaloids (that
have important antioxidant activities, as well as
antimicrobial,
antimalarial, and antitumor activities, etc.) [31,32],
saponins (that have antioxidant activities, antitumor,
antibiotic, and fungicidal properties, etc.) [33-35], and
finally, phytates (that are antioxidants that prevent lipid

anti-human immunodeficiency,

peroxidation, vital signaling molecules, as well as having
antitumor and anticancer properties, etc.) [36-38].

In this study aims to determine various biological activities
of Cucurbita pepo leaves to declare the advantages of
these leaves, particularly as a source of antioxidants, for
supplying unique nutrients antioxidants whether as food or
for medicinal purposes as antioxidants.

2. Materials and methods

The green leaves of the Cucurbita pepo plant were
collected from Elazig, Turkey. The leaves were dried in
the shade and at room temperature. The dried leaves were
grounded to make a fine powder using an electric hand

blender. To determine the biological activities of the green
leaves of Cucurbita pepo, plant samples were extracted
with ethanol and acetone and analyzed with different
methods.

2.1. Preparation of the extracts

Sample extraction was performed according to the
procedure followed by Pekdemir et al. [39]. Accordingly,
for the ethanol extract, 20 g of leaf powder sample was
weighed on a precision balance and 200 mL of ethanol
was added to it. The solution was sonicated for 10
minutes in an ultrasonic homogenizer. The samples were
then shaken in a shaker for 18 hours. The resulting
solution was filtered with Whatman No:1 filter paper.
The solvent in the filtrate was removed by evaporator.
The obtained extract was stored at -20 °C in the
refrigerator until the determination of antioxidant and
antimicrobial activity. To obtain the acetone extract,
acetone was used as the solvent, and the same method
was applied.

2.2. Antioxidant assays

2.2.1. ABTS radical scavenging activity

The ABTS radical scavenging activity was determined
by spectrophotometric analysis following Re et al. [40]
procedure. The cation radical ABTS™ was initiated by
the reaction of 2 mM ABTS with 2.45 mM potassium
persulfate K,S,0g and kept in the dark for 2 hours at
room temperature. Later the ABTS™ solution was
diluted with 0.1 M sodium phosphate buffer (pH=7.4)
to attain an absorbance of 1.5204+0.025 at 734 nm.
Then 1 mL of ABTS™ solution was added to 3 mL
(500 pg/mL of the prepared acetone and ethanol
sample extracts), and the absorbance was measured
with laboratory UV-visible spectrophotometer at 734
nm after a half of an hour.

2.2.2. Hydroxyl radical (OH’) scavenging activity

The capacity of the extracts to hinder non-site-specific
hydroxyl radical-mediated peroxidation was measured
following Halliwell et al. [41] procedures. 3.6 mM of 2-
deoxy-D-ribose in 20 mM (pH=7.4) KH,PO,—~KOH
buffer, along with 200 puL of 100 uM FeCl;, and 200 pL
of 104 mM EDTA, as well as 100 pL of 1.0 mM H,O,
and finally 100 pL of 1.0 mM aqueous ascorbic acid was
added to 500 pL of our acetone and ethanol extracts.
Then the mixture was mixed using laboratory Clifton™
Cyclone Vortex Mixer, and incubated at 37 °C in
laboratory incubator for one hour. Later 1 mL of 2.8%
TCA and 1 mL of 1.0% TBA was added to the samples
and mixed again with laboratory Clifton™ Cyclone
Vortex Mixer, and placed in water bath at 50°C for 30
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minutes. The range of 2-deoxyribose oxidation was
valued by the solution absorbance at 532 nm.

2.2.3. DPPH radical scavenging activity

Free radical scavenging activity of ethanol and acetone
extracts was performed using the previously reported
method [42]. 4 mL of a previously prepared solution of 25
mg/L. DPPH was mixed with 500 pg/mL of samples. The
mixture was stored at room temperature for 30 minutes in
the dark. The absorbance of the mixtures was measured at
517 nm with laboratory UV-visible spectrophotometer.
Butylated hydroxytoluene (BHT) was used as a positive
control for all the antiradical tests [43-46].

2.3. Determination of Phytochemical Contents

2.3.1. Determination of Total Phenolic Content

Total phenolic content was determined according to
Slinkard and Singleton [47] procedures using Folin-
Ciocalteu reagent. Gallic acid was used as a standard
phenolic compound. 1 mL of samples with a concentration
of 500 ppm was taken and diluted with 46 mL of distilled
water. Then, 1 mL of Folin-Ciocalteu reagent was added
and mixed. After three minutes, 3 mL of 2% Na,CO; was
added and the mixture was shaken randomly for two hours.
Absorbance measurement was made with a UV
spectrophotometer at 760 nm. Total phenolic content
(TPC) was determined as milligram gallic acid equivalents
per gram of dry extract.

2.3.2. Determination of Total Flavonoids Content

The determination of the total flavonoid content was
accomplished following Kim et al. [48] procedures.
Catechine was used as a reference standard. To our 0.5 mL
(500 pg/mL) extracts, 4 mL of distilled water was added,
and then 0.3 mL of 5% sodium nitrite solution was added,
as well as 0.3 mL of 10% aluminum chloride solution, the
test tubes were incubated in for 5 minutes at room
temperature. Later the mixture was mixed using laboratory
Clifton™ Cyclone Vortex Mixer and the absorbance was
measured at 510 nm. Total flavonoid content was given as
pg catechin equivalent per gram dry weight of the extract.

2.3.3. Determination of Proanthocyanidin Content

The determination of proanthocyanidin content was carried
out following Amaeze et al. [49] procedures. 0.5 mL of
(500 pg/mL) extract was mixed with 1.5 mL of 4%
vanillin-methanol solution along with 0.75 mL of
concentrated hydrochloric acid, then the mixture was let to
stand for 15 min, later the absorbance was measured at 500
nm. Catechin was used as the standard for the total
proanthocyanidin content. Total proanthocyanidin contents
was expressed as pg catechin equivalent/g extract.

2.4. Vitamin Content Determination

2.4.1. Materials

The high-performance liquid chromatography (HPLC) was
used for vitamin analysis of microorganisms treated with
plant extract. HPLC system consisted of CTO-10AS VP
column oven, LC-20AD pumps, DGU-20A5 degassers,
SIL 20A auto sampler, SPD-M20A DAD system.
Communication model: Model CBM-20A which connects
the other apparatus together, LC Solution.

2.4.2. Applied cells

In the study, Saccharomyces cerevisiae yeast cells were
used to determine the vitamin analysis. Saccharomyces
cerevisiae, belonging to the fungal kingdom, is single-
celled yeast containing high levels of vitamins and used as
a model for the molecular response to oxidative stress to
determine antioxidant activity [50]. The dry sample of
Saccharomyces cerevisiae was kept at 4 °C throughout the
experiment. Cultivation of the yeast was done at the
microbiology laboratory: the yeast was imbued in Difco™
Malt extract broth for one day at 25 °C. Later, the yeast
culture was immunized into YEDP (1 g yeast in 100 mL
extract, 2 g Bacto™ Peptone, 2 g glucose, 2 g agar) and
adjusted to a standard density at a rate of 1% (10° CFU per
mL for the yeast) using DEN-1 McFarland densitometer,
then incubated at 25 °C for 2 days. 2 mL from
Saccharomyces cerevisiae (at density of 10° CFU per mL)
samples was added to 50 puL and 100 pL from the prepared
samples extract and incubated for one day.

2.4.3. Determination of MDA and Vitamin C
Malondialdehyde (MDA) and vitamin C levels were
determined using the procedure of Karatepe [51]
procedure. First of all, the liquid treated samples were
agitated using a syringe to keep the medium in a mixed
form. Then 1 mL of 0.5 M HCIO, was added to our
samples extracts to precipitate proteins and release MDA
bound to amino groups and other amino compounds, along
with 0.5 mL distilled water and mixed using Clifton™
Cyclone Vortex Mixer for few minutes. After that the
samples were centrifuged using centrifuge machine for 5
min. The supernatant was obtained and 20 pL of it was
injected into HPLC instrument. The mobile phase was
17.5% methanol, 85.5% (30 M potassium phosphate
buffer, pH=3.6) (v/v).

2.4.4. Determination of Vitamin E and B-carotene

The liquid soluble vitamins of the extract’s samples were
analyzed following Catignani and Bieri [52] procedure. To
100 pL of the treated extracts samples, 200 puL of ethanol
along with 99:1 H,SO,4 and 100 pL distilled water were
added in a test tube for proteins precipitation, then the
samples were mixed with laboratory Clifton™ Cyclone
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Vortex Mixer, and later centrifuged at 4500 rpm for 5 min.
After centrifugation 100 pL of n-hexane along with 0.05%
BHT were added to the mixture, so that to extract the lipid
soluble vitamins in the samples. The mixture was mixed
and centrifuged again. Then the hexane layer was obtained
and transferred to another test tube. Another 100 pL of n-
hexane was added to the sample residue, mixed,
centrifuged and added to the previous hexane layer. Then
the hexane layer was evaporated by nitrogen gas, and to
test tube residues 50 pL methanol, 25 pL acetonitrile, 25
pL chloroform was added. Finally, 20 pL from the test
tube mixture was injected into the HPLC instrument. The
mobile phase was (47:42:11) (v/v) methanol/
acetonitrile/chloroform.

2.5. Statistical analysis

Statistical analysis was made using SPSS 22.0 for
Windows software. The statistical significance was at
p<0.05, and the results were expressed as mean + S.D.
Independent sample T-test was used for evaluation of
mean values.

2.6. Anticancer determination

The human breast cancer (MCF-7) and hepatocellular
carcinoma (HepG-2) cell lines used in the study were
obtained from Ankara University Biotechnology Institute.
Experimental studies were carried out at Firat University
Faculty of Medicine.

2.6.1. Cell culture

The anticancer activity of Cucurbita pepo leaves extracts
was tested through 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide method. Human breast
cancer and hepatocellular carcinoma cells were developed
in 25 cm? flasks in Dulbecco’s modification of Eagle
medium (1% L-glutamine, 10% fetal bovin serum, and 1%
Penicillin-Streptomycin) medium, at 37°C beneath 5%
CO, atmosphere condition. After the development of the
cells in the flasks and covering the flask surface the
medium was removed from the cells and the cells were
washed with sterile phosphate-buffered saline solution,
then 1 mL of trypsin-EDTA was added to the flasks and
incubated for 2 min at 37°C in an oven with 5% CO,.
Later, the cells were separated from the surface, 5 mL of
the medium was added to inactivate Trypsin-EDTA and
the cells were occupied from the flask and centrifuged at
1200 rpm for 5 min, the supernatant was discarded and the
pellet was dissolved in 10 mL of the medium. After that
100 pL from the cells in the medium was embedded in 96-
well plates, while the first row was embedded with the
medium alone as a blank. The plates were incubated for
one day at 37 °C in an oven with 5% CO,. 2.5 ng/mL
doxorubicin was used as positive control while the

medium is used as negative control. After incubation 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide test was applied [53,54].

2.6.2. MTT test

MTT test is used to measure cell feasibility, viability, and
cytotoxicity. The test is based on the reduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, a
salt that can pass through the cell membrane of lively cells
mitochondria and receiving electrons inside the cell and
changing into water soluble formazan crystals [55,56]. 20
pL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide solution was added to the stock
prepared in sterile phosphate buffer (pH=7.2) cells in well
plates, and incubated for 4 hours at 37 °C with 5% CO, in
the dark. Later, the medium was removed and the salt
crystals were dissolved with 100 uL. DMSO. 100 pL of the
salt solution was added to 96-well plates and kept in the
dark for 10 min. Later the absorbance of the salt solution
was determined at 450 nm with a plate reader machine.
The average of the control wells absorbance was obtained
and accepted as 100% viable cells. The gained absorbance
from the Cucurbita pepo leaves extracts wells was
proportional to the control absorbance and the percent of
viability was calculated [53]. The measured absorbance
values were compared with the control and the data were
transported to diagrams.

2.6.3. Analysis

The absorbance values were quantified with Enzyme
Linked Immunosorbent Assay (ELISA) plate reader at 450
nm and the average of the absorbance values was
quantified and after comparing with the control the
percentage was calculated.

2.7. Antimicrobial activity

The effects of ethanol and acetone extracts against bacteria
and fungi were evaluated according to the disc diffusion
method [57]. The antimicrobial activity of the extracts was
evaluated against:

A/ Bacteria strains: Escherichia coli (ATCC 25322),
Klebsiella pneumoniae (ATCC 700603), Staphylococcus
aureus (ATCC 25923), Bacillus megaterium (DSM 32)
were cultivated in Difco™ nutrient broth medium, for one
day at 35 °C. (Nutrient broths are biological media used
for providing nutrition requirements of bacteria).

B/ Yeast strain: Candida albicans (FMC 17) was imbued
in Difco™ Malt extract broth for two days at 25 °C. The
cultivated cells of bacteria and yeast were imbued into
Mueller-Hinton agar together with Sabouraud dextrose
agar and well mixed and then adjusted to standard density
at a rate of 1% (10° CFU per mL for bacteria, and 10’
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CFU per mL for yeast) using DEN-1 McFarland
densitometer. Then 25 mL of the cells were poured into
sterilized petri dishes (diameter=6 mm) with homogenous
spreading until the agar was hardened. Oxoid™
antimicrobial discs (diameter=6 mm) were soaked with
100 pL of ethanol extract and 100 pL of acetone extract
respectively and were placed on the hardened agar and
stored in the laboratory incubator for two hours at 4 °C to
permit the extracts dispersion into the agar media. Later,
the petri dishes with the bacterial strains were incubated in
a laboratory incubator at 37 °C for one day. In contrast,
the petri dishes with the yeast strain were incubated at 25
°C for two days. Streptomycin sulfate 10 ng/disc was used
as a control disk for bacteria, while Nystatin 10 pg/disc
was used as a control disk for yeast, and dimethyl
sulfoxide (DMSO) was used as a negative control. On the
next day, the zone inhibitions were measured in
millimeters.

3. Results and discussion

3.1. The antioxidants activities

The values of ABTS, OH as well as DPPH radical
scavenging activity are given in Table 1. Accordingly, it
was observed that ethanol extract and acetone extract
showed high radical scavenging activity. The best efficacy
when comparing to BHT was the ethanol extract, due to its
higher content of phytochemicals indicating radical
scavenging trends (Fig.1). The percentage of ABTS, OH,
along with DPPH radicals are indicated by the equation:

% Scavenging Activity = [(Ag - A1)/Aq] x 100

Where A, is the absorbance of the control, and A, is the
absorbance of the extract’s samples.

The total flavonoids in the ethanol extract of Cucurbita
pepo leaves were 5527.40 pg CE/g extract. While the
total flavonoids in the acetone extract was 6031.40 pg
CE/g extract. The total phenolic content in the ethanol
extract of Cucurbita pepo leaves was 55.14 mg GAE/g
extract. While the total phenolic content in the acetone
extract was 62.51 GAE/g extract. As can be seen in Table
2.

Table 1. Radical scavenging activities (%)

Samples ABTS"™ DPPH’ OH’
Acetone extract 91.18 68.94 60.70
Ethanol extract 92.43 79.10 67.94
BHT 97.89 96.53 95.37

Table 2. Total flavonoids, total phenolics and total proanthocyanidins concentration values

Samples Total flavonoids Total phenolics Total proanthocyanidins
(ng CE/g) (ng CE/g) (ng CE/g)
Acetone extract 6013.40 1289.67 62.51
Ethanol extract 5527.40 151.22 55.14
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Fig.1. Graphical representation of ABTS, DPPH and OH radical scavenging activities

3.2. Vitamin Content Determination
The HPLC chromatograms for MDA with 7.179 retention
time, vitamins C with 4.099 retention time, vitamin E with

3.922 retention time, P-carotene with 2.342 retention
time, were like the followings in Table 3.

Table 3 The mean values of MDA, vitamins C, E, B-carotene for the extracts at p < 0.05.

Samples MDA (ppm) Vitamin C (ppm) p-carotene (ppm) Vitamin E (ppm)
Control 23.00+0.26 0.82+0.02 0.08+0.009 0.79+0.06
Acetone 22.67£1.2 0.79+0.05 0.06+0.011 0.75+0.05
extract (50 pL)

Acetone extract 21.34+0.88 0.82+0.04 0.08+0.001 0.84+0.06
(100 nL)

Ethanol extract 21.83+1.26 0.82+0.04 0.09+0.009 0.86+0.08

(50 L)

Ethanol extract 23.55+2.02 0.83+0.05 0.09+0.008 0.88+0.08
(100 pL)

The malondialdehyde is an indicator of lipid peroxidation
because MDA is one of the fatty acid lipid peroxidation
products [58]. The concentration of MDA in the extracts
samples is almost the same as the concentration of the
MDA in the control, which indicates that vitamin
antioxidants in the extracts had no effect on inhibiting
MDA formation. Our sample extracts' vitamin C
concentration was equal to or slightly lower than the
control value. The concentration of PB-carotene in the
acetone extract samples was similar to or slightly lower
than the control concentration, whereas the concentration
of B-carotene in the ethanol extract samples was slightly
higher than the control concentration, [-carotene
concentration  with  increasing  extract  sample
concentration. The vitamin E concentration in the 50 pL

acetone extract sample was lower than the control
concentration, while the 100 pL acetone extract sample
was higher than the control concentration. The levels of
vitamin E in the ethanol and acetone extracts were higher
than the control. Vitamin E concentration with increasing
extract sample concentration. The vitamins values
(especially vitamin C) are less than they were expected
and this can be due to immoderate loss of the vitamins
content throughout proceeding the analytical procedures,
like drying and storage methods, common errors that result
throughout sampling strategies, as well as analysis
duration [59,60].

3.3. Anticancer Activity
The phytochemicals in Cucurbita pepo leaves are regarded
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as anticancer sources, as mentioned in the introduction
section. The MTT test was used to determine the effect of
our acetone and ethanol extracts on the cancer cells
viability. The extract samples showed no significant effect
fighting against the hepatocellular carcinoma, as can be
seen in Figure 2 and in Table 4. The acetone extracts (5,
2.5, 1.25 ppm) had no effect on decreasing the cancer cells

160
140
120
100
80
60
40
20

Cancer cells viability %

121.4

viability, but the 10 ppm acetone extract had 2.5% less
cancer cell viability than the negative control, indicating
that the activity of the extract sample against the cancer
cells increase with the concentration of the extract. The
same situation happened with the (5, 2.5, 1.25 ppm)
ethanol extracts, while the 10 ppm extract had 6.2% less
cancer cells viability than the negative control.

HepG2/450NM
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9129.93 118.06

g3 102.41106.1
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Fig. 2. The effect of the acetone and ethanol extracts on hepatocellular carcinoma.

While the extract samples showed significant effects against human breast cancer as can be seen in Figure 3.

120
100
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100

Cancer cells viability %

60.81

MCF-7/450NM

92.84
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Fig. 3. The effect of acetone and ethanol extracts on hepatocellular carcinoma.

The acetone extract at a concentration of 10 ppm had
39.19% less cancer cells viability than the negative
control, the acetone extract at a concentration of 5 ppm
had 25.86% less cancer cell viability than the negative

control, the acetone extract at a concentration of 2.5 ppm
had 22.16% less cancer cells viability than the negative
control, besides the acetone extract at a concentration of
1.25 ppm that had 7.16% less cancer cells viability than
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the negative control. It shows that the extract sample
activity increases with increasing the extract concentration.
The ethanol extract at a concentration of 10 ppm had 19.84
less cancer cells viability than the Doxorubicin (a breast
cancer therapy), the ethanol extract at a concentration of 5
ppm had 9.18 less cancer cells viability than Doxorubicin,
the ethanol extract at a concentration of 2.5 ppm had
60.9% less cancer cells viability than the negative control,
while the ethanol extract at a concentration of 1.25 ppm

had 40.77% less cells viability than the negative control.
Once more, it shows that the extract sample activity
increases with increasing the extract concentration. The
ethanol sample extract appears to be a potent anti-breast
cancer activity. It is also understood that the
phytochemicals responsible for their anti-cancer activities
are more soluble in ethanol solvent than acetone solvent.
As can be seen in Table 4.

Table 4. The effect of acetone and ethanol extracts samples on hepatocellular carcinoma and human breast cancer.

Cell lines (Viability %)

Samples Concentration
MCF-7 cell line HepG-2 cell line

Acetone extract | 10 ppm 60.81 97.05

5 ppm 74.14 121.49

2.5 ppm 77.84 129.93

1.25 ppm 92.84 136.87
Ethanol extract | 10 ppm 10.16 93.8

5 ppm 20.82 102.41

2.5 ppm 39.1 106.1

1.25 ppm 59.23 118.06

3.4. Antimicrobial effect

Both acetone and ethanol extracts of the leaves were
effective against the fungus and bacteria, except for the
ethanol extract against the two gram-negative bacteria

E. coli and K. pneumonia, as can be seen in Figure 4-
Figure 8 as well as Table 5. The diameter of the
inhibition zone of the leaves extracts was measured in
millimeters, and (-) refers to no inhibition zone.

Table 5. The leaves extracts inhibition zone diameters.

Samples E. coli K. pneumoniae B. megaterium S. aureus C. albicans
Acetone 10 mm 5 mm 9 mm 8 mm 10 mm
Ethanol - - 10 mm 10 mm 10 mm
Control 19 mm 20 mm 25 mm 19 mm 24 mm
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Figure 4. The anti-microbial effect of acetone Figure S. The anti-microbial effect of acetone (1)
(1) and ethanol (2) extracts on E. coli bacteria. and ethanol (2) extracts on K. pneumonia bacteria.

Figure 6. The anti-microbial effect of acetone (1) and Figure 7. The anti-microbial effect of acetone
€))] ethanol (2) extracts on B. megaterium bacteria. and ethanol (2) extracts on S. aureus
bacteria.

Figure 8. The anti-microbial effect of acetone (1) and ethanol (2) extracts on C. albicans bacteria.

The acetone extract was effective against E. coli bacteria, no effect on E. coli can be related to that the phenolic
while the ethanol extract showed no effect; the reason why compounds that exist in the leaves are more soluble in the
acetone extract affected E. coli while ethanol extract had acetone solvent than in the ethanol solvent [61]. The
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higher concentration of these compounds in the acetone
extract may result in higher antimicrobial resistance. While
the reason why the ethanol extract was effective against
the gram-positive bacteria and had no effect against the
gram-negative ones is due to the gram-negative bacteria
outer membrane that has lipopolysaccharide that shields
the thin peptidoglycan inner wall, and so the outer
membrane is a barrier to the antibacterial constituents,
contrasted to the gram-positive bacteria in which the
absence of the outer layer and a single membrane structure
cause less resistance [62].

The same case happened with the gram-negative K.
pneumoniae bacteria, as the ethanol extract showed no
effect against K. pneumoniae bacteria, while the acetone
extract showed resistance only around one side of the disk
with a diameter of 10 mm, so we divided it by two and
wrote 5 mm because it was from one side of the disk.

Both extracts were effective against B. megaterium
bacteria, with 9 mm zone inhibition diameter from the
acetone, and 10 mm diameter from the ethanol extract. The
same case happened with S. aureus bacteria; the acetone
extract zone inhibition diameter was 9 mm, while the
ethanol zone inhibition diameter was 10 mm. The last
recording was against C. albicans fungus, both extracts
had a 10 mm zone inhibition diameter.

Some published leaves extract antimicrobial activity
articles, agree with our results: Dar et al. [63] recorded that
ethanol extract had no effect on S. aureus bacteria. While
Fakoya et al. [64] agree with our results at similar
concentrations of the ethanol extract, but they also
recorded increasing the activity when increasing the
ethanol extract concentration, and this quite makes sense
because Cucurbita pepo leaves extracts are effective
against bacteria growth or replication but are dependent on
the concentration of the plant extract.

And some partially agree with our results: Dissanayake et
al. [5] recorded that the acetone extract had no effect on E.
coli bacteria, the same as our results. Still, the extract also
had no effect on S. aureus bacteria, while our results
showed an effect on S. aureus bacteria. As well Oboh et al.
[65] reported inhibition against E. coli bacteria with a 4
mm zone diameter, while the other results agree with our
result. The difference in the obtained results may be
attributable to differences in the microbial strains, the
imbuement methods, the bacterial imbuement size, the
medium of growing, incubation circumstances, as well as
the methods of preparing the extracts [66,67].

The antimicrobial activity of the samples can be calculated
according to the equation:

Dc S 100
— X
Dc

Where Dc = inhibition diameter of the control, Ds=
inhibition diameter of the sample for the acetone

Antimicrobial activity (%) =

10

extract:

e E. coli: Antimicrobial activity=47.36%

e K. pneumonia: Antimicrobial activity= 75%

e B. megaterium: Antimicrobial activity= 64%

e S. aureus: Antimicrobial activity= 57.8%

o C. albicans: Antimicrobial activity= 58.3%

For the ethanol extract:

e E. coli: Antimicrobial activity= zero (No inhibition)

e K. pneumonia: Antimicrobial
inhibition)

e B. megaterium: Antimicrobial activity= 60%

activity=zero (No

o S. aureus: Antimicrobial activity= 47.36%
o C. albicans: Antimicrobial activity= 58.3% [68].

4. Conclusion

Through our experiments, we could prove that Cucurbita
pepo leaves indeed contain significant phytochemicals,
and we look forward to valuating these leaves and not to
discard them. As they can be used as herbal medicines or
folklore medicine, orderly intakes of this vegetable have
the ability to reduce or inhibit several diseases, as
mentioned in the introduction part.

Our experimental results showed that the Cucurbita pepo
leaves’ acetone and ethanol extracts had radical
scavenging activities against ABTS™, OH’, and DPPH’
radicals, besides our experimental results also showed that
the leaves extracts had a high total flavonoid, total
phenolic content.

Our experimental results for the leaves extracts content of
vitamins had only trace amounts of B-carotene and vitamin
E, but had no significant vitamin C content. There was no
antioxidant effect from vitamins (C, E and B-carotene) of
the extract’s samples
cerevisiae yeast and against MDA. Our experimental
results revealed that the acetone and ethanol leaves
extracts samples had no significant effect on hepatocellular
carcinoma, while the acetone leaves extract decreased
breast cancer effects, and the ethanol extract showed a
higher effect decreasing human breast cancer than
Doxorubicin which is a breast cancer therapy. And the
extracts samples activity increased with increasing the

treated with Saccharomyces

concentration of the extract’s samples.

Our experimental results also showed that Cucurbita pepo
leaves extracts have antibacterial and fungicidal properties,
these properties are due to the tannins,
flavonoids, and alkaloids contents of Cucurbita pepo
leaves that are mentioned in the introduction part.
However, for the best results, our thesis recommends using
high concentration plant extracts because the properties
mentioned above are dose-dependent, as we have earlier
mentioned in the discussion part.

Furthermore, our experiments showed that the same

saponins,
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extracts differently affect different types of bacteria: the
ethanol extract was effective against the gram-positive
bacteria but showed no effect gram-negative bacteria due
to the dissimilarity in their cell wall structure of the
bacteria as we have mentioned in the discussion part.
Acetone is a better solvent than ethanol for determining
the antibacterial activity of the two gram-negative E. coli
and K. pneumonia. And both extracts showed similar
effects against the gram-positive bacteria.
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