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Abstract: In traditional medicine, Cucurbita pepo L. is used for the treatment of rheumatism, diabetes,
inflammations, and wound injuries. This study was conducted to evaluate the phytochemical constituents, safety profile, wound healing, and anti-inflammatory activities of Cucurbita pepo leaf extract
in rats. The phytochemical analysis of C. pepo extract was carried out using gas chromatography-mass
spectrometry (GC-MS). In acute toxicity tests, the rats orally received a single dose of 5 g/kg extract
of C. pepo. In a subacute toxicity study, the rats received 200, 400, and 800 mg/kg of the C. pepo extract
via daily gavage for 14 days. Bioactive compounds 1-octen-3-ol, nonanal, trans-β-ionone, phytol,
trans-farnesol, and squalene were identified. There were no toxic effects detected in any of the evaluated parameters, namely liver, kidney, haematological, lipid, and antioxidant enzymes. In wound
healing, C. pepo extract showed greater % wound contraction and tensile strength, as well as reduced
wound healing time (12 days) and epithelialization when compared to the control (normal saline)
and povidone-iodine treated groups. Rats treated with C. pepo extract elicit anti-inflammatory activity.
The findings of this study revealed that the C. pepo extract has wound healing and anti-inflammatory
properties with a wide margin of safety.
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1. Introduction
In recent times, the global use of medicinal plants or herbal medicines as either alternative or supportive medicine to conventional medicine has increased tremendously [1].
Today, medicinal plants and their bioactive components are widely accepted as an emerging source of alternative therapy for the management and treatment of various human
diseases [2,3]. It is estimated that over 80% of the world population in one way or the other
uses medicinal plants and their phytotherapeutic compounds as alternative primary healthcare due to their bioavailability, accessibility, efficacy, affordability, and low associated side
effects [4,5]. They are not only used for healthcare remedies but can also serve as novel
sources of unlimited raw materials for the discovery of new drugs. In ethnomedicine, many
medicinal plants are effectively used for wound healing or wound management because
they create a suitable moist environment, demonstrate the shortest healing time, and cause
less pain or discomfort to the patients [1]. Wounds (acute, burns, or chronic wounds)
are physical injuries that lead to the disruption of normal structures and functions of the
tissues and skin [6]. They are traumatic and devastating types of injuries and therefore
one of the leading global public concerns. Wound healing is a dynamic biochemical and
cellular event involving the repair of damaged tissues and skins [7]. Bioactive components
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in medicinal plants or herbal medicines have great potential to reduce oxidative stress
and inflammatory processes [8], inhibit infections, and promote blood clotting, as well
as accelerate wound healing processes by repairing tissues and regenerating damaged
skins [9]. Many researchers have reported that medicinal plants are successfully used in
the management and treatment of different types of wounds [6,10–12], and one such plant
is Cucurbita pepo.
Cucurbita pepo L. is a green vegetable that is globally used as functional food and
medicine. It belongs to Cucurbitaceae. It is a rich source of carotenoids, liposoluble vitamins,
and polyunsaturated fatty acids [13]. It has high contents of flavonoids, terpenoids, alkaloids, proteins, lipids, carbohydrates, minerals [14], and ∆5-, ∆7-, and ∆8-phytosterols [15],
which are likely responsible for its medicinal properties. The extract of different parts of
C. pepo (leaves, seeds, flowers, and fruits) has shown to exhibit various pharmacological activities such as antioxidants, anti-inflammatory [16], anti-proliferative [17], anti-depressant,
anti-ulcer, inhibition of lipid peroxidation [18], anti-diabetic [19], anti-bacterial, anti-viral,
anti-hypercholesterolemic, and sedative-hypnotic effects [20]. In traditional medicine,
the leaves are used as an analgesic or blood booster [21], to remove biliousness, and for
treatments of rheumatism, benign prostatic hyperplasia, burns, and wound injuries [4,14].
Despite the acclaimed ethnopharmacological use of C. pepo in the treatment of many diseases, there are few or no scientific data from experimental studies as regards its toxicity
profile, wound healing, and anti-inflammatory effects. This present study was conducted
to evaluate the toxicity profile, wound healing, and anti-inflammatory properties of phytochemical characterized C. pepo leaf extract in rats.
2. Materials and Methods
2.1. Plant Collection and Authentication
Fresh leaves of Cucurbita pepo were obtained in June 2021 from Ugbogu’s farmland in
Amaku Nvosi, Isiala Ngwa South, a Local Government Area of Abia State, Nigeria, and
authenticated by a taxonomist at the University of Nigeria Nsukka, Enugu State. The plant
name Cucurbita pepo with voucher number UNH No 336 was deposited in the herbarium.
2.2. Extract Preparation
The fresh leaves of C. pepo were removed from the stem and the leaves thoroughly
washed with distilled water. The extract was prepared by weighing 2 kg of the fresh
C. pepo leaves in 2 L of water and squeezing for one (1) hour. The resulting juice was filtered
using a sterile sieve and Whatmann No. 1 filter paper. The filtrate was freeze-dried and
preserved in the refrigerator at 4 ◦ C as C. pepo extract until time of use.
2.3. Gas Chromatography-Mass Spectrometric (GC-MS) Analysis
GC-MS analysis of C. pepo extract was performed using GC/MS-QP2010 ultra (Shimadzu Co., Kyoto, Japan) with an autosampler. A 5 MS/HP-column (30 m × 0.25 mm
× 0.25 µm) with ultra-pure helium as the carrier gas was used. The helium flows at a
flow rate of 1.12 mL/min and a linear velocity of 39 cm/s. The oven temperature was
fixed at 110 ◦ C to 280 ◦ C at the rate of 10 ◦ C/min. The injector temperature was set at
250 ◦ C and injection volume as 0.5 µL were made in the split-less mode with a split ratio
of 10:1. The MS transfer line and ion source temperatures were maintained at 250 ◦ C and
200 ◦ C, respectively, and the mass spectra detector volt was set at 0.94 kV. The full-scan mass
spectra were recorded at 10,000 u/s over the mass range (m/z) 85–500. Peaks and chemical
constituents were identified by direct searching in the National Institute of Standards and
Technology (NIST) library.
2.4. Animals
Healthy male unused albino rats (200–240 g), purchased from the Laboratory Animal
Production Units of Veterinary Medicine College, Michael Okpara University of Agriculture,
Umudike, Abia State, Nigeria, were used in the experiment. Prior to the experiments,
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the rats were allowed to acclimatize for two weeks, maintained under normal standard
laboratory conditions of 12 h light/12 h dark cycle at the temperature of 25 ± 3 ◦ C and
relative humidity of 50%–70%. The rats were fed with standard commercial growers
feed produced by Flour Mills of Nigeria and allowed free access to water. All the animal
handling and experimental procedures were strictly adhered to throughout the study
as specified by international standards and ethical principles established by Abia State
University. This study was approved by Research Ethical Clearance Committee of Abia
State University (ABSU/REC/BMR/0117).
2.4.1. Acute Toxicity Study
The method established by The Organization for Economic Cooperation and Development (OECD) guideline 423 [22,23] with some modifications were adopted for this study.
Seventy (70) matured male and female rats were randomly divided into 7 groups of 10 rats
(5 males and 5 females (kept in different cages) in each group). Group 1 served as a normal
control and received 10 mL/kg distilled water whereas Groups 2–7 received graded single
dose of 500, 1000, 2000, 3000, 4000, and 5000 mg/kg of C. pepo extract, respectively, by oral
gavage. The rats were allowed free access to water and feed and were monitored for signs
of toxicity and death within and after a period of 24 h.
2.4.2. Subacute Toxicity Study
The method of established by OECD [22,24] guideline 407 and 425 with some modifications was adopted for this study. Twenty-four (24) albino rats were randomly divided
into four (4) groups of six rats. Group 1 served as a normal control and received 0 mg/kg
C. pepo extract, whereas groups 2, 3, and 4 received 200, 400, and 800 mg/kg of C. pepo
extract, respectively, daily for 14 days.
2.4.3. Blood Sample and Organ Collection
After two weeks (14 days) of extract treatment, the rats were starved of food but without restriction to water for about 12 hr and sacrificed on the 15th day by intraperitoneally
administration of a combination of 50 mg/kg of ketamine and 5 mg/kg of xylazine. Then,
the blood samples were collected via cardiac puncture with a needle and syringe. The
blood samples for serum biochemistry and haematological analysis were dispensed into
plain and ethylenediaminetetraacetic acid (EDTA) bottles, respectively. The vital organs,
spleen, lungs, liver, kidneys, testes and heart, were harvested, and their respective weights
recorded. The liver and kidney were fixed into 10% v/v formalin saline prior to histology
evaluation.
2.4.4. Blood Analysis
The complete haematological parameters were performed using an Automated Haematology Analyser (model BC-2800 Mindray Company, Hyderabad, Telangana, India). The
haematological parameters evaluated include haemoglobin (Hb) concentration, packed cell
volume (PCV), white blood cell (WBC) count, platelets and red blood cell (RBC) indices
(mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration
(MCHC), and mean corpuscular volume (MCV).
2.4.5. Clinical Biochemical Analysis
Renal function parameters (creatinine, urea, sodium, potassium, bicarbonate, and
chloride), liver enzymes parameters (alanine aminotransferase, alkaline phosphatase aspartate aminotransferase, bilirubin, total protein, globulin, and albumin), and lipid profile
parameters (total cholesterol, triacylglycerol, high-density lipoprotein cholesterol, low
density lipoprotein cholesterol, and very low-density lipoprotein cholesterol) levels were
evaluated spectrophotometrically using standard laboratory kits (Randox Laboratory Ltd.,
Co., Antrim, UK).
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Oxidative stress markers were evaluated using the methods previously described by
the following authors: superoxide dismutase [25], catalase [26], malondialdehyde [27], and
glutathione [28].
2.4.6. Histopathology
The histopathological studies were performed on the liver and kidney. The liver and
kidney were fixed in 10% formalin and routinely processed and embedded in paraffin wax.
Thereafter, the tissues were sectioned (5 µm thickness), stained with haematoxylin and
eosin (H and E) dyes, and then mounted and viewed under a light microscope at 400× g
magnification.
2.5. Wound Healing Experiments
Excision and incision wound models were used to evaluate the wound healing potential of aqueous extract of C. pepo.
2.5.1. Excision Wound Models
Eighteen (18) healthy male rats (200–240 g) were divided into three (3) groups of six
(6) rats each as follows. Group 1 was a negative control (treated with normal saline), while
groups 2 and 3 were treated with 5% w/w povidone iodine (PI) and 10% w/w C. pepo
extract, respectively, for 16 days. The rats were anaesthetized with 50 mg/kg of ketamine
hydrochloride via intraperitoneal route [29,30]. The dorsal surface of the rats was shaved
with a rechargeable clipper. After 30 min, an excisional wound of approximately 500 mm2
and 2 mm depth was created on the shaved back of the rats. Treatment of the wounds
started immediately after creation of the wounds by daily application of the ointments
as described above. Day 0 was considered as wound day. Prior to epithelialization and
complete wound closure, the wounds were observed daily, whereas the dimensions of
the excision wounds were measured every 4 days with transparent paper and thereafter
estimated on a 1 mm2 graph sheet. Percentage wound contraction [6,31] was calculated
using the formula:
% Wound contraction =

wound area on day 0—wound area on specific day(s)
×100
wound area on day 0

(1)

where s = number of days (4th, 8th, 12th, 16th, and 20th day).
The period of epithelialization was calculated as described in [32,33].
2.5.2. Wound Incision Model
Eighteen (18) healthy male rats (200–240 g) were divided into three (3) groups of six
(6) rats each. The rats were anaesthetized with 50 mg/kg of ketamine hydrochloride via
intraperitoneal route [29,30]. The dorsal surface of the rats was shaved with a rechargeable
clipper. After 30 min, a sterile scalpel blade was used to make long paravertebral incision
wounds of about 5 cm length and 1.5 cm from the middle of vertebral column on the shaved
back [34]. Afterward, the incised wounds were closed by stitching 0.5 cm apart using sterile
surgical thread and a curve needle no. 11 [35]. The rats were treated with normal saline, 5%
w/w PI, and 10% w/w C. pepo extract for groups 1, 2, and 3, respectively, for 7 days. On
the 8th day post wounding, the sutures were removed, and wound breaking strength was
measured on the 10th day post-wounding.
2.5.3. Wound Breaking Strength Measurement
The wound breaking strength was determined using Lee’s constant water flow
method [36]. The sedated rats were fastened on the laboratory bench on the 10th day
after wounding, and a 3.5 mm line was drawn away from either side of the paravertebral
long incision wounds, then two forceps were firmly applied to the line with both ends
facing each other. The other forceps were attached to a freely suspended light weight
graduated polypropylene container by a string flowing over to a pulley, and water was
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permitted to flow slowly and steadily into the graduated polypropylene container from
the reservoir, while one of the forceps was fixed. The tensile strength of the healed wound
was assessed by gradually raising the water levels drop by drop until the wound broke
or opened, then stopping the water flow and measuring and recording the weight of the
water in the container.
The following formula was used to compute the tensile strength:
Tensile strength =

Breaking strength (g)
Cross section area of skin (mm2 )

(2)

2.6. Anti-Inflammatory
In the anti-inflammatory experiment, the method described by Orieke et al. [37] was
adopted for the study. Twenty-five (25) sets of male albino rats (200–240 g) were randomly
divided into 5 groups of 5 rats each (n = 5/group). Group 1 served as a normal control
and was orally administered 0.2 mL/kg of normal saline. Group 2 received 100 mg/kg
of aspirin, while groups 3, 4, and 5 orally received 200, 400, and 800 mg/kg of C. pepo
extract, respectively. Thirty minutes (30 min) after oral treatments, paw edema was induced
by sub-plantar injection of 0.1 mL egg albumin to each rat the right hind paw. After the
induction, paw circumferences of the treated rats and control were measured and recorded
at 0 min, 30 min, 60 min, and 120 min time intervals. The degree of edema was obtained by
subtracting the initial paw circumference from the final paw circumference.
% Rise in paw circumference (c) at induction =

C at induction—C before induction
×100
C before induction

% Fall in paw circumference (c) at intervals =

% Anti − inflammatory activity at 120 min =

C at induction—C at interval
×100
C at induction

Mean fall in Test—Mean fall in control
×100
Mean fall in control

(3)

(4)

(5)

2.7. Data Analysis
Calculations and statistics analysis were performed using Microsoft excel, R™ Statistic
software, version 3.0.3 (https://cran.r-project.org/src/base/R-3/, accessed on 17 November 2021) and GraphPad Prism version 5.0 (San Diego, CA, USA). Results were expressed
as mean ± standard deviation. One-way analysis of variance (ANOVA) with a Tukey post
hoc test was used to establish statistical significance at p-value of ≤0.05.
3. Results
3.1. Identification of Chemical Compounds Present in Methanol Extract of C. Pepo by GC-MS
GC-MS analysis of methanol extract of C. pepo leaf (Table 1A) revealed the presence of fifteen (15) chemical compounds, namely 1-octen-3-ol, hexane, 4-ethyl-2-methyl, nonanal, 1-cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl-,6,6-trimethyl-7-(3-oxobut-1enyl)- 3,8-dioxatricyclo [5.1.0.0(2,4)]octan-5-one, cyclohexene, 2-ethenyl-1,3,3-trimethyl, trans-β-ionone, cyclohexane, 1,10 -(1,2-dimethyl-1, 2-ethanediyl)bis-,2-pentadecanone,
6,10,14-trimethyl, 4-tetradecene, (Z)-, 1-heneicosanol, phytol, trans-farnesol, 1,5,9-undecatriene,
2,6,10-trimethyl-, (Z)-, and squalene. Of the compounds identified, 1-heneicosanol (12.32)
was the most abundant, whereas squalene (1.73) was the least abundant. In addition, out
of 15 chemical compounds identified, only six (6) compounds are bioactive compounds
with pharmacological activities. The six (6) bioactive compounds are 1-octen-3-ol, nonanal,
trans-β-ionone, phytol, trans-farnesol, and squalene (Table 1B). The chromatogram of the
GC-MS spectral analysis of C. pepo reflecting the peaks of the distinct compounds, their
elution, as well as their retention time are shown in Figure 1A,B.
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Table 1. A. Compounds identified from methanol extract of C. pepo leaf. B. Structural and pharmacological potentials of major bioactive compounds identified from methanol extract of C. pepo.
A
Peak No.

Retention Time

Quantity (%)

4.45
4.580
6.79

2.71
8.42
6.18

9.10

2.32

13.04

1.87

13.46
13.76

2.01
1.84

16.03

1.86

20.20
21.00
25.29
25.80
27.39
27.49
27.53

2.24
6.99
12.32
3.09
3.96
6.33
1.73

Medicinal Uses

Reference

1-Octen-3-ol

Antimicrobial properties

[38]

Nonanal

Antifungal activity

[39,40]

trans-β-Ionone

Anti-inflammatory,
cancer-preventing, antibacterial,
antifungal, and antileishmanial

[41]

Phytol

Anti-inflammatory, antinociceptive
and antioxidant effects

[42]

trans-Farnesol

Anti-Inflammatory, antimicrobial and
anti-Cancer properties

[43]

Squalene

Anticancer and antioxidant activities

[44]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Compound
1-Octen-3-ol
Hexane, 4-ethyl-2-methylNonanal
1-Cyclohexene-1-carboxaldehyde, 2,
6,6-trimethyl1,6,6-Trimethyl-7-(3-oxobut-1-enyl)-3,8dioxatricyclo[5.1.0.0(2,4)]octan-5-one
Cyclohexene, 2-ethenyl-1,3,3-trimethylTrans-β-Ionone
Cyclohexane, 1,1’-(1,2-dimethyl-1,
2-ethanediyl)bis2-Pentadecanone, 6,10,14-trimethyl
4-Tetradecene, (Z)1-Heneicosanol
Phytol
Trans-Farnesol
1,5,9-Undecatriene, 2,6,10-trimethyl-, (Z)Squalene
B

Compound Name

Structure
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3.2. Acute Oral Toxicity
3.2. Acute Oral Toxicity
Table 2 shows the acute toxicity study of C. pepo in albino rats. The study was carried
Table
2 shows
the acuteof
toxicity
of C.leaf
pepoextract
in albino
rats.
The study
carried
out via
oral
administration
C. pepostudy
aqueous
at the
single
doses was
of 500,
1000,
out
via3000,
oral 4000,
administration
of C. pepo
aqueous
extract behavioural
at the singlechanges,
doses of or
500,
1000,
2000,
and 5000 mg/kg.
There
were leaf
no deaths,
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2000,
3000,
andsigns
5000 recorded
mg/kg. There
were
deaths,
behavioural
changes,
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clinical
and4000,
toxicity
within
24 hno
and
thereafter
for 14 days
of C. pepo
extract
clinical
and toxicity signs recorded within 24 h and thereafter for 14 days of C. pepo extract
treatments.
treatments.
Table 2. Acute (oral) toxicity study of albino rats after 24 h oral administration of aqueous C. pepo
leaf extract.

Dose (mg/kg)
0
500
1000
2000
3000
4000
5000

Death/Number of Animals
Male
Female
0/5
0/5
0/5
0/5
0/5
0/5
0/5

0/5
0/5
0/5
0/5
0/5
0/5
0/5

Death/Total Number of Rats
0/10
0/10
0/10
0/10
0/10
0/10
0/10

3.3. Subacute Toxicity
The experimental animals did not lose weight throughout the study (Figure 2). Following the body weight increase, there was no significant difference (p > 0.05) observed in the
final body weight (Day 14) of male rats treated with various doses of C. pepo compared to
the control. The effect of C. pepo did not distort the organ weight of the male rats, and there
was no significant difference (p > 0.05) observed in the extract treated groups compared to
the control group (Table 3).
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Figure 2. Body weight measurements of male rats treated with aqueous leaf extract of C. pepo for
14 days.

Figure 2. Body weight measurements of Male rats treated with aqueous leaf extract of C. pepo
Table 3. Effect of aqueous C. pepo leaf extract on organ weights of male rats.
for 14 days
Cucarbita pepo Extract (mg/kg)
Organs

Normal Control

200 mg/kg

400 mg/kg

800 mg/kg

Kidney
Lungs
Spleen
Liver
Heart
Testes

1.17 ± 0.35
1.17 ± 0.35
0.97 ± 0.25
6.53 ± 0.58
0.57 ± 0.06
2.37 ± 0.06

1.01 ± 0.06
1.05 ± 0.12
0.81 ± 0.17
5.69 ± 0.12
0.49 ± 0.12
2.07 ± 0.12

0.98 ± 0.15
0.98 ± 0.12
0.76 ± 0.20
5.46 ± 0.47
0.49 ± 0.06
1.99 ± 0.20

0.96 ± 0.06
0.96 ± 0.29
0.77 ± 0.10
5.19 ± 0.26
0.50 ± 0.06
1.97 ± 0.12

Values represent the mean ± SD for n = 6.

3.4. Effect on Biochemical and Hematological Parameters
There was significant decrease following a dose-dependent manner in the values
of aspartate transaminase (AST) of the C. pepo groups. A significant (p < 0.05) decrease
in ALT content was observed in 200 and 400 mg/kg body weight C. pepo treated rats
when compared to the control group. However, other liver biomarkers, including total
protein, alkaline phosphatase (ALP), albumin, globulin, and bilirubin, were not significantly
affected (p > 0.05) when compared to the control group (Figure 3).
Administration of C. pepo did not reveal any statistical difference (p > 0.05) in the renal
functional biomarkers (urea, creatinine, Na+ , K+ , Cl− , and HCO3 − ) among the C. pepo
treated groups and the control group (Figure 4). The extract revealed a significant decrease
in the values of TC, TAG, and LDL compared to the control, while HDL and VLDL did not
reveal any statistical difference (p > 0.05) compared to the control (Figure 5). Administration
of C. pepo increased all the analysed enzymatic antioxidant parameters (GSH, SOD, and
CAT) with statistical increase (p < 0.05) recorded in the values of GSH in the treated groups
compared to the control (Figure 6).
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Figure 3. Effect of aqueous C. pepo leaf extract on liver function parameters of male rats. Values represent the mean ± SD for n = 6. * indicates significance at (p < 0.05) and double asterisk
(**) indicates significance at p < 0.01. TP, Total Protein; AST, Aspartate Aminotransferase; ALT,
Alanine Transaminase; and ALP, Alkaline Phosphatase.

Figure 4. Effect of aqueous C. pepo leaf extract on kidney function parameters of male rats. Values
represent the mean ± SD for n = 6. Cl− , Chloride ion; Na+ , Sodium ion; K+ , Potassium ion; and
HCO3 − , Bicarbonate.

Figure 5. Effect of aqueous C. pepo leaf extract on lipid profile of male rats. Values represent the
mean ± SD for n = 6. * indicates significance at (p < 0.05) and ** indicates significance at p < 0.01.
TC Total Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; TAG, Triglyceride; LDL-C,
Low-Density Lipoprotein Cholesterol; and VLDL-C, Very Low-Density Lipoprotein Cholesterol.
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Figure 6. Effect of aqueous extract of C. pepo on antioxidant enzyme on male rats. Values represent
the mean ± SD for n = 6. * indicates significance at (p < 0.05). Group of bars without asterisks are
not significant at p < 0.05. GSH, Glutathione; SOD, Superoxide Dismutase; CAT, Catalase; and MDA,
Malondialdehyde.

The effects of aqueous leaf extract of C. pepo administration after 14 days treatment on
haematological parameters is shown in Table 4. The parameters of RBC, PCV, HB, WBC,
MCH, platelet, monocyte, eosinophil, and basophil did not significantly differ (p > 0.05)
from the control group, whereas there was a significant (p < 0.05) dose-dependent decrease
in the values of MCV, MCHC, neutrophil, and lymphocyte when compared to the control
group. The histopathological analysis of the liver and kidney of the C. pepo-treated rats and
the control group did not reveal any alteration or detrimental changes in the architecture of
the liver and kidney (Figures 7 and 8).
Table 4. Effect of aqueous C. pepo leaf extract on haematological parameters of male rats.
Cucarbita pepo Leaf Extract (mg/kg)
Parameters
(×1012 /L)

RBC
PCV (%)
HB (g/dL)
WBC (×109 /L)
Platelet (×109 /L)
MCV (fl)
MCH (pg)
MCHC (g/L)
Neutrophil (%)
Lymphocyte (%)
Monocyte (%)
Eosinophil (%)
Basophil (%)

Normal Control
a

6.19 ± 0.23
40.75 ± 0.96 a
12.41 ± 0.19 a
12.99 ± 4.60 a
307.25 ± 26.22 a
65.91 ± 1.24 a
20.07 ± 0.50 a
30.29 ± 0.59 a
57.25 ± 2.22 a
34.50 ± 2.38 b
5.00 ± 0.82 a
3.00 ± 0.20 a
0.25 ± 0.50 a

200 mg/kg
a

5.91 ± 0.39
38.37 ± 2.22 a
11.86 ± 1.00 a
11.08 ± 0.32 a
282.15 ± 18.39 a
59.18 ± 2.15 b
18.14 ± 0.48 a
27.79 ± 0.75 b
50.35 ± 1.71 b
32.49 ± 1.73 b
4.48 ± 0.50 a
2.60 ± 0.96 a
0.48 ± 0.50 a

400 mg/kg
a

5.82 ± 0.14
37.52 ± 0.82 a
11.62 ± 0.24 a
10.34 ± 0.87 a
279.19 ± 18.63 a
56.67 ± 1.75 b
17.40 ± 0.41 a
26.88 ± 0.33 b
48.85 ± 1.29 b
31.13 ± 2.22 b
4.42 ± 0.50 a
2.53 ± 0.50 a
0.55 ± 0.50 a

800 mg/kg
5.78 ± 0.75 a
36.98 ± 5.20 a
11.54 ± 0.52 a
9.97 ± 1.02 a
280.54 ± 35.00 a
54.25 ± 9.82 b
17.12 ± 0.73 a
26.63 ± 1.16 b
47.80 ± 2.16 b
30.66 ± 2.06 b
4.44 ± 0.58 a
2.53 ± 0.82 a
0.58 ± 0.50 a

Values represent the mean ± SD for n = 6. Values in the same row bearing the same letter of the alphabet
are not significantly different from each other (p > 0.05). RBC, Red Blood Cells; PCV, Packed Cell Volume;
HB, Haemoglobin; MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular Haemoglobin; MCHC, Mean
Corpuscular Haemoglobin Concentration; and WBC, White Blood Cell.
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Figure 7. Micrographs of the liver sections from untreated (control) and treated albino rats with
various doses of aqueous leaf extract of C. pepo. Haematoxylin and eosin staining (H and E), magnification (400× g). (A), control; (B), Albino rats treated with 200 mg/kg aqueous leaf extract of C. pepo;
(C), Albino rats treated with 400 mg/kg aqueous leaf extract of C. pepo; and (D), Albino rats treated
with 800 mg/kg aqueous leaf extract of C. pepo.

Figure 8. Micrographs of the kidney sections from untreated (control) and treated albino rats
with various doses of aqueous leaf extract of C. pepo. Haematoxylin and eosin staining (H and E),
magnification (400× g). (A), control; (B), Albino rats treated with 200 mg/kg aqueous leaf extract of
C. pepo; (C), Albino rats treated with 400 mg/kg aqueous leaf extract of C. pepo; and (D), Albino rats
treated with 800 mg/kg aqueous leaf extract of C. pepo.

3.5. Wound Healing Activity
Table 5 represents the effects of aqueous leaf extract of C. pepo on circular excision %
wound contraction and epithelialization time. In this study, application of C. pepo extract on
the excision wound rats resulted in a significantly (p < 0.05) higher rate of wound healing
in comparison to the control group. The rats treated with C. pepo extract had a significant
(p < 0.05) % WC on days 4, 8, 12, and 16 compared to the 5% w/w PI treated rats and
control group. On day 16, 100% wound contraction was recorded for the C. pepo extracttreated group, whereas 94.06% and 65.88% were recorded for 5% w/w PI-treated rats
and control groups, respectively. A complete and better healing closure was observed in
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C. pepo-treated rats (12–16 days) compared to the 5% w/w PI-treated rats and control group
(12–16 days) (Figure 9). In addition, C. pepo extract-treated group had the shortest epithelialization period of 16 days compared to 5% w/w PI-treated rats (20 days) and control group
(22 days).
Table 5. Effect of C. pepo extract on circular excision wound model.
EIN
(Days)

Group

Day 0

Day 4

Day 8

Day 12

Day 16

Day 20

C (HA)
% WC
PI (HA)
% WC
C. pepo
extract
(HA)
% WC

440.00 ± 10.00
416.00 ± 6.56
-

350.00 ± 20.00
20.46 ± 2.23 a
270.00 ± 10.00
35.10 ± 2.23 b

280.00 ± 26.45
36.25 ± 6.52 a
160.00 ± 10.00
61.54 ± 2.25 b

243.33 ± 15.28
44.64 ± 4.46 a
90.00 ± 10.00
78.34 ± 2.74 b

150.00 ± 10.00
65.88 ± 2.71 a
40.00 ± 10.00
94.06 ± 4.61 b

60.00 ± 10.00 b
86.39 ± 1.97 b
0.00 ± 0.00
100 ± 0.00

22

412.33 ± 2.52

211.67 ± 7.64

126.67 ± 20.82

40.00 ± 10.00

0.00 ± 0.00

0.00 ± 0.00

16

-

48.66 ± 1.81 c

65.93 ± 4.46 b

90.05 ± 2.83 c

100 ± 0.00

100 ± 0.00

20

C, Control; PI, Povidone iodine; HA, Healed area; WC, % of wound contraction; and EIN: Epithelialization. Data
indicate mean ± SD, n = 6, p < 0.05. Values in the same row bearing the same letter of the alphabet are not
significantly different from each other (p > 0.05).

Figure 9. Photographs of post-excision wound contraction of control, povidone (PI) iodine and
C. pepo extract treated rats.
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In the measurement of tensile strength, the C. pepo extract-treated group had a significant (p < 0.05) increase in tensile strength (334.03 g) compared to 5% w/w PI-treated rats
(240.33 g) and control group (192.83 g) (Table 6).
Table 6. Effect of applying Povidone iodine and C. pepo extract on tensile strength of rats’ incision
wounds.
Group

Tensile Strength (g)

Control
Providone iodine
C. pepo extract

192.83 ± 7.15 a
240.33 ± 6.50 b
334.03 ± 12.48 c

Data indicates mean ± SD, n = 6, p < 0.05. Values in the same column bearing the same letter of the alphabets are
not significantly different from each other (p > 0.05).

3.6. Effect of C. pepo Extract on Egg Albumin-Induced Paw Inflammation
All doses of orally administered C. pepo extract significantly inhibited egg albumin
induced paw inflammations in experimental rats when compared with control (p < 0.05),
with the degrees of anti-inflammatory activities produced by 200, 400, and 800 mg/kg of
the extract comparing favourably with that of 100 mg/kg body weight of aspirin (Table 7).
Table 7. Effects of paw treatments on paw circumferences.
Cucarbita pepo Extract
Parameters

Control

Aspirin
100 mg/kg

200 mg/kg

400 mg/kg

800 mg/kg

Pre induction paw
circumference (mm)
Paw circumference at
induction (mm)
Paw circumference, 30 min.
post-induction (mm)
Paw circumference, 60 min.
post-induction (mm)
Paw circumference, 120 min.
post-induction (mm)

23.67 ± 2.62 a

25.67 ± 1.89 a

26.33 ± 0.94 a

21.33 ± 2.62 a

24.33 ± 0.47 a

34.33 ± 1.70 a

34.67 ± 1.25 a

33.67 ± 0.47 a

33.67 ± 0.47 a

33.33 ± 1.89 a

38.67 ± 2.62 c

31.67 ± 1.25 a

33.67 ± 0.47 a

33.00 ± 0.00 a

35.00 ± 0.00 b

40.67 ± 0.47 b

28.00 ± 2.16 a

31.67 ± 1.25 a

30.00 ± 0.82 a

32.00 ± 0.00 a

37.33 ± 1.70 c

24.33 ± 2.62 a

30.00 ± 0.82 b

28.33 ± 0.47 b

30.00 ± 0.82 b

Data indicate mean ± SD, n = 6, p < 0.05. Values in the same row bearing the same letter of the alphabet are not
significantly different from each other (p > 0.05).

Although at induction only the lowest dose (200 mg/kg) group had a significantly
lower percentage rise in paw circumference when compared with control, the antiinflammatory effects of all doses of the extract and that of aspirin became visible after
30 min of induction as the degrees of inflammations steadily dropped in the extract and
aspirin groups but continued to rise in control (Table 8).
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Table 8. Effect of treatments on percentage increase in paw circumferences.
Cucarbita pepo Extract (mg/kg)
Parameters

Control

Aspirin
100 mg/kg

200 mg/kg

400 mg/kg

800 mg/kg

% Rise in paw
circumference at induction
% Fall in paw circumference,
30 min. post-induction
% Fall in paw circumference,
60 min. post-induction
% Fall in paw circumference,
120 min. post-induction

46.15 ± 9.81 c

35.91 ± 12.36 b

27.95 ± 2.86 a

60.31 ± 20.35 d

37.11 ± 9.37 b

−13.21 ± 12.64 a

8.66 ± 0.32 d

−0.03 ± 2.44 b

1.96 ± 1.39 c

−5.33 ± 5.73 b

−14.16 ± 12.79 a

19.32 ± 3.90 d

5.91 ± 4.14 b

10.90 ± 1.48 c

3.70 ± 5.24 b

−8.79 ± 2.43 a

26.14 ± 5.09 d

10.87 ± 2.72 b

15.84 ± 1.29 c

9.61 ± 7.07 b

Data indicate mean ± SD, n = 6, p < 0.05. Values in the same row bearing the same letter of the alphabet are not
significantly different from each other (p > 0.05).

By the end of 120 min, the percentage fall in paw circumference in control was
−6.27 ± 12.38 (still indicating steady rise) while in the 200, 400, and 800 mg/kg treated
groups, percentage fall in paw circumferences were 11.66 ± 2.49%, 15.36 ± 2.52%, and
14.95 ± 8.58%, respectively, comparing favourably with the aspirin group where the fall
was 25.74 ± 5.14% (Table 8).
Percentage anti-inflammatory activities for 200, 400, and 800 mg/kg treatment levels of
C. pepo extract were 175.95 ± 75.93%, 217.14 ± 105.79%, and 215.00 ± 176.57%, respectively
and compared well with 314.52 ± 193.20% obtained for aspirin (Table 9).
Table 9. Change in paw circumference and percentage anti-inflammatory activities after 120 min.
Cucarbita pepo Extract

Fall in paw circumference
after 120 min (mm)
Percentage antiinflammatory activity

Control

Aspirin
100 mg/kg

200 mg/kg

400 mg/kg

800 mg/kg

−3.00 ± 0.82 a

9.00 ± 1.41 c

3.67 ± 0.94 b

5.33 ± 0.47 b

3.33 ± 2.62 b

0.00 ± 0.00

318.65 ± 73.88 d

225.00 ± 20.41 b

288.89 ± 43.74 c

163.89 ± 30.68 a

Data indicate mean ± SD, n = 6, p < 0.05. Values in the same row bearing the same letter of the alphabet are not
significantly different from each other (p > 0.05).

4. Discussion
There are several acclaimed therapeutic potentials of C. pepo as alternative medicine in
the management and treatment of various diseases such as diabetes, benign prostatic hyperplasia, and rheumatism as well as inflammations, burns, and wound injuries. However,
no scientific study has documented the toxicity profile or anti-inflammatory and wound
healing potentials of C. pepo. Therefore, it is pertinent to investigate the safety profile,
wound healing, and anti-inflammatory properties of phytochemical characterized aqueous
leaf extract of C. pepo in rats.
The use of gas chromatography-mass spectrometry (GC-MS) for a very detailed evaluation of bioactive chemicals in plant-based compounds is a well-accepted approach [45].
The GC-MS analysis of C. pepo showed the presence of fifteen (15) chemical compounds
with 1-heneicosanol (12.32%) and squalene (1.73%) as the most abundant and least abundant, respectively. Six out of the fifteen identified compounds are known to have some
pharmacological potential. These include 1-Octen-3-ol, noanal, trans-β-lonone, phytol,
trans-farnesol, and squalene. Xiong et al. [38] reported the antimicrobial properties of
1-Octen-3-ol, while Zhang et al. [39] and Li et al. [40] revealed the antifungal properties
of noanal. In other studies, trans-β-lonone has been shown to possess anti-inflammatory,
cancer-preventing, antibacterial, antifungal, and anti-leishmanial activities [41], while phy-
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tol, trans-farnesol, and squalene have biological activities including anti-inflammatory,
antinociceptive, antioxidant, anti-cancer, and antimicrobial properties [42–44].
In acute and subacute toxicity studies, appropriate animal models such as rats or
mice can be commonly used to evaluate the health risk of any plant extracts or chemical
substances [46]. In an acute toxicity study, single-dose oral administration of aqueous leaf
extract of C. pepo up to 5000 mg/kg did not cause any death or toxicity signs. Based on the
result, the LD50 of C. pepo is higher than 5000 mg/kg, and following OECD [23] guidelines
C. pepo can be classified as a class 5 substance and therefore considered a safe and non-toxic
substance.
In the subacute toxicity study, there was no change in body weight after 14 days of
C. pepo treatment, indicating that it is safe at all dose levels. Adverse effects of medications
and chemicals are identified by changes in body weight [47]. Organ weight changes have
long been known as a sensitive sign of chemical-induced organ toxicity, such as organ
hypertrophy [48]. As a result, relative organ weight is an important measure in toxicity
investigations. When compared to normal control animals, no significant change (p > 0.05)
in relative organ weight was found after treatment with C. pepo at all dose levels.
Hepatic and renal function tests are used as fingerprint markers to determine the
inherent toxicity and pathological states that are tracked to determine organ toxicity or
dysfunction caused by hazardous substances [49]. Electrolytes, urea, and creatinine can
all be used to determine renal toxicity [50]. Cirrhosis, fibrosis, and liver destruction are
all symptoms of hepatotoxicity, which is caused by exposure to toxic substances. Hepatic
enzymes such as AST, ALT, and ALP were measured to determine the amount of liver
necrosis [51]. In humans, elevated plasma bilirubin levels suggest haemolytic anaemia [52].
The C. pepo administration reduced AST levels but did not affect total protein, ALP, albumin,
globulin, or bilirubin levels when compared to the control group. Electrolytes are necessary
for the body’s homeostatic balance to be maintained. Sodium keeps the body’s acid–base
balance in check and protects it from excessive fluid loss [53]. Pathological conditions can
be caused by changes in plasma electrolyte balance. When compared to the normal control
group, there was no significant change (p > 0.05) in plasma electrolyte levels (Na+ , K+ , Cl− ,
and HCO3 − ) after treatment with C. pepo, indicating that there was no harmful effect on
electrolyte levels. Furthermore, there was no statistical difference (p < 0.05) in the values of
urea and creatinine after administration of C. pepo, indicating no detrimental effect on the
functionality of the renal system.
Toxic substances primarily influence the haematopoietic system, which is a very
sensitive and significant indicator of physiological and pathological conditions in humans
and animals [54]. Toxicants change haematological parameters, resulting in disorders
such as anaemia, leukopenia, thrombocytopenia, and bone marrow depression, among
others [52]. C. pepo leaf extract did not have a deleterious effect on WBC, RBC, or platelets,
nor did it interfere with the haematopoiesis and leucopoiesis processes according to the
findings. When compared to the normal control, no toxic changes in all of the studied
haematological parameters were seen after 14 days of treatment with C. pepo, indicating no
haematotoxic effect and safety at all dose levels.
When compared to the control, C. pepo administration reduced atherogenic lipid
markers including TC, TAG, and LDL considerably, while HDL and VLDL showed no
statistical change (p > 0.05). This suggests that C. pepo may have hypolipidemic properties.
C. pepo administration slightly increased the enzymatic antioxidant parameters GSH,
SOD, and CAT with a statistically significant increase (p < 0.05) in GSH levels in the treated
groups compared to the control group. Other studies have shown that intake of toxic
chemicals affects antioxidant enzymes and elevates MDA levels [55]. MDA is a lipid peroxidation biomarker that may be elevated as a result of toxin ingestion or other diseases [55].
Membrane polyunsaturated fatty acids are reduced by lipid peroxidation, which produces
aldehydes including MDA, 4-hydroxynonenal, and acrolein, disrupting and changing the
functions of the membrane [56,57]. Lipid peroxidation has been considered an indication
of oxidative stress [58,59]. It alters the membrane’s structure by causing changes in fluidity
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and permeability [60]. Reduced MDA levels and higher GSH, SOD, and CAT levels seen in
this study have been reported to protect against oxidative stress [61]. The results supported
that C. pepo possesses antioxidant properties. Nkosi et al. [62] reported the antioxidative
activity of C. pepo against carbon tetrachloride-induced hepatotoxicity in rats fed with a
low protein diet.
In humans and animals, exposure to various hazardous chemicals raises oxidant
levels and induces oxidative DNA damage, which leads to cellular damage and tissue
necrosis [63]. A histopathological examination can assist us to determine whether organs
have been damaged at the cellular level as a result of a harmful chemical action. The liver
and kidneys of rats given varying doses of C. pepo showed no signs of pathological damage.
These findings backed up the results of biochemical tests, as well as the safety of C. pepo
leaf extract in rats.
The wound healing process aids in the recovery of injured tissue layers and cellular
structure. The wound area shrinks as the fibroblast stage begins [64]. Contraction, granulation, epithelization, and collagenation are all part of this complicated process [65,66].
Microbial infections, the presence of free radicals, and metabolic disruptions can all cause
the multifactorial process of wound healing to be delayed or interrupted [67]. Wound
closure, wound contraction, and functional barrier reorganization are significant markers
in the wound healing process [68]. Again, because the type of injury has an impact on
wound healing, healing phases of wound models, including excision and incision wound
models and dead space, are all affected differently [69]. The fundamental goal of wound
management is to heal the damage as quickly as possible while causing the least amount of
pain and discomfort to the patient. In the current study, the effect of C. pepo leaf extract on
tissue regeneration was investigated utilizing experimental rat models. Rats were continuously observed and treated topically with prepared ointment from C. pepo leaf extract as
well as a reference drug after various types of wounds were created. When compared to
the control group animals, the C. pepo leaf treatment groups and the reference drug-treated
group (povidone-iodine) in the excision and incision wounds showed significant (p < 0.05)
reductions in the wound area, rapid epithelization, and rapid rate of wound closure.
It has been reported that, at wound sites, high amounts of reactive oxygen species such
as oxygen singlet, hydroxyl radicals, superoxide anion, and hydrogen peroxide stimulate
collagen breakdown and hence extracellular matrix degradation (ECM). When the ECM
is damaged, processes such as angiogenesis and re-epithelization that are necessary for
wound healing are reduced [70,71]. The photograph section of the post-excision wound
contraction is shown in Figure 9. From the result, there was a great tissue restoration in the
groups that were treated with C. pepo, and this wound restoration manifested as the day
progressed, significantly showed on day 4, and completely healed on day 16. Interestingly,
the improvement in the excision wound healing compared favourably to the group that
was treated with 5% w/w PI (standard drug). On day 16, the extract-treated group revealed
a stronger healing effect compared to the untreated group. Our study showed that C. pepo
increased % WC and tensile strength and reduced epithelialization days which are evidence
of potent wound healing capacity. A phytochemical enriched antioxidant such as squalene
may boost the production of antioxidants such as superoxide dismutase and catalase in
excised wounds and lower the activity of malondialdehyde [42,72]. The findings from the
antioxidant activities as well as the bioactive constituents of C. pepo leaf extract may have
synergistically aided in the elicited wound healing potential of the resource plant.
This study also investigated the anti-inflammatory activity of C. pepo extract in egg
albumin-induced paw inflammation in rats with results indicating significant inhibition
of paw inflammations in all test rats pre-treated with the extract before induction. Paw
circumferences of these treated rats were also found to be significantly lower than those
of the control rats and compared favourably with those of rats pretreated with aspirin, a
standard anti-inflammatory agent. The entire results, therefore, suggest that C. pepo extract
may contain substances with anti-inflammatory activities and may have achieved this effect
by truncating the established physiologic inflammatory pathway of egg albumin-induced

Sci. Pharm. 2022, 90, 64

18 of 21

inflammation. Usually, egg albumin induces edema due to its ability to trigger the release of
histamine and serotonin and eventual prostaglandin release, leading to inflammation [73].
Another inflammatory pathway is activating the release of cyclo-oxygenase (COX) which
also leads to prostaglandins release and eventual onset of pain, swelling (inflammation) and
fever [37]. The extract at all administered doses progressively reduced the increased paw
circumference (oedema) induced by egg albumin in the test rats and may have achieved
this effect by inhibiting/reducing the release of histamine and serotonin due to egg albumin
injection and by inhibiting COX activity, having produced activity like that of aspirin, a
non-steroidal anti-inflammatory agent known for its anti-inflammatory activity via COX
activity inhibition [37].
5. Conclusions
The present study demonstrated that C. pepo leaf has relevant bioactive compounds
with known pharmacological activities. This study also showed that C. pepo leaf extract is
non-toxic and could be used in ethnomedicine for the management and treatment of various
diseases and as a source of nutrients without any detrimental effect. This is demonstrated
by the extract’s non-distortive influence on the haematological and biochemical parameters
of the treated rats. The therapeutic potential of aqueous leaf extract of C. pepo in wound
healing was established in this study.
The topical ointment made from the aqueous extract of C. pepo leaf extract has a wide
range of healing qualities for both the incision and excision wound models. The results
demonstrated a remarkable improvement in percentage wound contraction. It also clearly
exhibits enhanced wound tensile strength and significantly reduced epithelization days in
rats treated with C. pepo leaf extract. In addition, the results obtained from this study also
established the anti-inflammatory activity of C. pepo extract against egg albumin-induced
paw oedema in rats. Based on the findings of this present study, C. pepo could be considered
a wound healing and anti-inflammatory agent with a wide margin of safety. However,
additional studies on the chronic toxicity of C. pepo and histological examination of the
healed wound sites treated with C. pepo extract should be investigated.
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