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The premise of the pharmacology of natural product is to explore benefits of natural resources for the
mankind. Medicines extracted from natural resources are considered as primary source for drug discov-
ery. Thus, the current study was designed to evaluate the safety profile and explore the analgesic and
anti-inflammatory activity of ethanol extract of Cucurbita maxima (C. maxima) and Cucumis sativus (C.
sativus) seeds. These seeds are edible, good in taste and have been used for several therapeutic purposes.
Acute toxicity of the seeds was evaluated by Lorke’s method while Eddy’s hot plate and tail immersion
methods were used to assess analgesic activity in mice. Anti-inflammatory activity was evaluated by
rat hind paw edema method. The seed extracts of C. maxima and C. sativus were found to be safe and
showed significant analgesic and anti-inflammatory activity in comparison with the control group. The
therapeutic effects of these extracts were almost comparable to aspirin and brufen. Therefore, the seeds
can be used as effective analgesic and anti-inflammatory agents.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pain and inflammation are two immune responses triggered in
response to injury, irritants or pathogen causing the symptoms of
pain, redness, immobility, edema and heat. Uncontrolled chronic
inflammation is accountable for several disorders such as
atherosclerosis, rheumatoid arthritis, ischemic heart diseases or
many others. Infectious diseases also have common symptoms of
pain and inflammation along with non-infectious diseases like
leprosy, syphilis, tuberculosis, asthma, peritonitis, inflammatory
bowel syndrome, vasculitis, nephritis, celiac diseases, auto-
immune disorders etc. (Chen et al., 2017).

Steroidal and non-steroidal anti-inflammatory drugs (NSAIDs)
are mainly used to control the above-mentioned symptoms but
after continued usage, these drugs can cause harmful effects to kid-
ney, liver, GIT, CVS, CNS and lungs (Bindu et al., 2020). Hence,
despite large number of available analgesic and anti-
inflammatory drugs, still there is a need of new analgesics and
ant-inflammatory drugs with minimum side effects. Medicinal
plants are among one of the best options to discover newer medic-
inal agent as these are rich in phytochemicals.

Inflammation with pain is related with different illnesses like
rheumatism, pneumonia, fibrosis esophagitis, encephalitis, cancer
and heart problems, Non-steroidal anti-inflammatory drugs are
generally used for the treatment of pain associated with inflamma-
tion. However these drugs may cause several adverse effects.
Therefore every year, hundreds of plants are evaluated for their
potential anti-inflammatory and analgesic activity nonetheless
only few of them are approved in health care system after labori-
ous clinical research (Sen et al., 2010).

C. maxima (Pumpkin) and C. sativus (cucumber) are the mem-
bers of Cucurbitaceae family. C. maxima is traditionally used as a
source of food due to high content of polysaccharides, proteins,
lipid, ash, sterols, Para amino-benzoic acids, mono- and polyunsat-
urated fatty acids and fixed oil. Its phytochemical evaluation has
shown that it has carotenoids, c-amino butyric acid in seeds and
fruit (Matus et al., 1993; Murkovic et al., 2002), phenolic glyco-
sides, 11E-octa decatrienoic acid in leaves and seeds (Glew et al.,
2006), flavonoids, alkaloids, phenolic derivatives, proteins, tannins,
carbohydrates, saponins and proteins in ethanol extract (Muchirah
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et al., 2018). Among all the most important class of triterpenoids,
Cucurbitacin has gained importance due to their biological attri-
butes (Salehi et al., 2019a; 2019b).

C. maxima seeds have enough magnesium (Edward et al, 2013)
which acts as NMDA receptor blocker hence is effective in reducing
acute or chronic pain, especially nerve pain (Na et al 2011).

C. sativus is cultivated in large quantities in the Indo-Pak region
and mainly famous for its elongated cylindrical green accessory
fruit eaten as salad (Huang et al., 2009). Therapeutic value of differ-
ent parts of the C. sativus i.e. leaf, stem, fruit and seeds have been
explored and its fruits extract is mainly used in several skin formu-
lations for management of aging (Maity et al., 2011; Mukherjee
et al., 2013) (See Tables 1–3).

C. sativus has high nutritional value since it contains carbohy-
drates, pectin, amino acids and some secondary metabolites like
carotenoid, vitamins A, C, E and K, terpenoids, flavonoids, saponins,
and Cucurbitacins A-D, orientin and isoorientin, tannins and some
important minerals (Wang et al., 2007; Kumar et al., 2010;
Uzuazokaro et al., 2018). C. sativus fruit is mainly used for its
antioxidant, anti-wrinkle, anti-aging, anticancer, anti-diabetes,
analgesic and hypolipidemic activities (Mukherjee et al., 2013).

Thus present study was designed to investigate the safety pro-
file, analgesic and anti-inflammatory activity of the ethanol extract
of C. maxima and C. sativus seeds. The objective of the study was to
explore a potential analgesic and anti-inflammatory agent with
minimal side effects.
2. Materials and methods

The study was performed under the approval of Board for
Advance Studies and Research (reference No 03297/pharm),
University of Karachi dated April 2017 and Departmental Research
Committee, Pharmacology for the use of animals according to the
guidelines of National institute of Health.

2.1. Collection of plant material

The seeds of C. maxima and C. sativus were purchased from the
local market of Karachi and were identified at the Herbarium, Cen-
tre for Plant Conservation; University of Karachi. The botanist of
the same institute issued specimen number GH# 94589 to C. sati-
vus and GH # 9501 to C. maxima which were then placed in the
herbarium as reference for authentication.

2.2. Extracts preparation

The seeds of these plants were precisely weighed, washed,
dried, coarsely crushed and then macerated for 21 days in ethanol.
Ethanol was used in portions for soaking 4 Kg of both seeds kept in
tightly closed containers with intermittent shaking. Filtration was
Table 1
Analgesic Activity of C. maxima and C. sativus by Hot plate method.

Groups & Doses
mg/Kg

Reaction time (Sec)

0 h 1 h

Control 6.71 ± 0.42 7.86 ± 0.40
C. maxima 50 5.99 + 0.28 10.8 + 0.35*
C. maxima 100 7.21 + 0.52 10.65 + 0.67*
C. maxima 200 7.26 + 0.45 10.9 + 0.67*
C. sativus 50 7.10 + 0.46 9.36 + 0.62
C. sativus 100 7.35 + 0.36 12.53 + 0.52**
C. sativus 200 6.94 + 0.33 13.40 + 0.65**
Aspirin 300 7.27 + 0.32 13.73 + 0.35**
Brufen 100 7.02 + 0.45 14.23 + 0.56**

n = 10, Mean ± SEM; *P < 0.05 significant; ** P < 0.01 highly significant as compare to c
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done after the maceration period using muslin cloth and Whatman
filter paper #1. Solvent was removed by rotatory evaporator at
40 �C under reduced pressure followed by freeze drying of both
extracts. The obtained extracts were stored in refrigerator at 4 �C.
The yield of C. maxima and C. sativus seeds extracts was15.8%
and 12.4%.

2.3. Drugs and chemicals

All chemical used in the experiment were highly purified. Car-
rageenan and Dimethyl sulfoxide (�99.9%) were of Sigma- Aldrich
purchased from Multi Chem Corporation, Karachi. Brufen suspen-
sion100 mg/5 mL of Abbot Laboratories, Karachi and Disprin
(Aspirin 300 mg) of Reckitt Benckiser Pakistan, were used as stan-
dard drugs

2.4. Study design

Healthy adult mice and rats of either sex, bred in the animal
house of Department of Pharmacology, University of Karachi, were
used in the study. Five animals were kept per polycarbonate cage
with free access to food and water ad libitum at controlled room
temperature. Mice between 25 and 30 g while rats between 200
and 250 g were used all animals were divided in eight groups, each
group having 10 animals. Control group received 5% DMSO by
mouth, equivalent to the volume of doses as per weights. Aspirin
was used as standard drug to compare anti-inflammatory effect
in the dose of 300 mg/Kg (Rahman et al., 2015) and brufen was
used as standard analgesic drug in the dose of 100 mg/Kg (Lalan
et al., 2015). Test groups received ethanol extracts of C. maxima
and C. sativus seed at doses of 50 mg/Kg, 100 mg/Kg and 200 mg/
Kg.

2.5. Toxicity studies

2.5.1. Acute toxicity study
Mice were denied food overnight followed by the administra-

tion of extracts on next day. The animals were divided into three
groups as per Lorke’s method (1983) at doses of 10 mg/Kg,
100 mg/Kg and 1000 mg/Kg. After dosing, mice were continuously
monitored for the symptoms of toxicity such as convulsions, tonic
extension, tremors, and loss of righting reflex, ataxia, muscle
spasm, sedation or hypnosis, lacrimation, diarrhea, salivation, wri-
thing up to 4 h. Meanwhile, mortality was observed for up to 48 h
(Riaz et al., 2010).

2.5.2. Sub-acute toxicity
Sub chronic studies were carried out at selected doses of the

extracts i.e. 50 mg/Kg, 100 mg/Kg, and 200 mg/Kg for 30 days.
Moreover, gross behavioral changes as described in acute toxicity
2 h 3 h 4 h

8.07 ± 0.46 7.11 ± 0.44 5.15 ± 0.42
11.07 + 0.57* 10.44 + 0.42** 8.46 + 0.64
10.10 + 0.36 9.74 + 0.30* 8.40 + 0.34
11.3 + 0.56** 10.30 + 0.68* 9.35 + 0.82
12.14 + 0.49** 11.86 + 0.29* 9.53 + 0.53
12.19 + 0.64** 10.63 + 0.56* 9.44 + 0.65
13.40 + 0.78** 10.09 + 0.37 9.78 + 0.58
12.73 + 0.56** 11.48 + 0.50** 11.61 + 0.58**
12.35 + 1.00** 11.77 + 0.92** 11.93 + 0.34**

ontrol.



Table 2
Analgesic activity of C. maxima and C. sativus seeds extract by Tail flick method.

Groups & Doses mg/Kg Reaction time (Sec)

0 h 1 h 2 h 3 h 4 h

Control 1.79 ± 0.15 1.91 ± 0.20 2.76 ± 0.51 2.210 ± 0.26 1.58 ± 0.17
C. maxima 50 1.67 ± 0.12 4.65 ± 0.17** 4.13 ± 0.31** 3.58 ± 0.26** 3.46 ± 0.20**
C. maxima 100 1.76 ± 0.09 4.88 ± 0.25** 3.42 ± 0.25* 3.63 ± 0.35** 3.56 ± 0.28**
C. maxima 200 1.60 ± 0.08 3.68 ± 0.34** 4.10 ± 0.32** 3.03 ± 0.13* 2.93 ± 0.23*
C. sativus 50 1.21 ± 0.07 3.51 ± 0.3 3.27 ± 0.27 2.86 ± 0.40 2.71 ± 0.23
C. sativus 100 1.70 ± 0.16 3.94 ± 0.19** 3.79 ± 0.30* 3.60 ± 0.33** 2.63 ± 0.28
C. sativus 200 1.71 ± 0.12 4.36 ± 0.27** 3.52 ± 0.29* 3.37 ± 0.29** 2.34 ± 0.25
Aspirin 300 1.60 + 0.14 5.23 + 0.57** 4.16 + 0.43** 3.91 + 0.38** 3.75 + 0.35**
Brufen 100 1.46 + 0.13 4.97 + 0.25** 4.89 + 0.57** 5.35 + 0.59** 3.70 + 0.21**

n = 10, Mean ± SEM; *P < 0.05 significant; ** P < 0.01 highly significant as compare to control.

Table 3
Anti-inflammatory Activity of C. maxima and C. sativus seed extracts.

Groups & Doses mg/kg Paw Volume (mL) with % inhibition in edema

1 h 2 h 3 h 4 h 5 h 24 h

Control 0.74 ± 0.22 1.85 ± 0.22 2.27 ± 0.15 1.71 ± 0.09 1.52 ± 0.11 0.62 ± 0.16
C. maxima 50 0.74 ± 0.15

(8.83%)
1.69 ± 0.37
(16.12%)

1.74 ± 0.29
(26.80%)

1.17 ± 0.26
(31.29%)

0.83 ± 0.33*
(45.31%)

0.36 ± 0.16*
(41.61%)

C. maxima 100 0.56 ± 0.09
(31.01%)

1.61 ± 0.37
(20.00%)

1.31 ± 0.38*
(44.68%)

0.88 ± 0.31*
(48.35%)

0.42 ± 0.19**
(72.59%)

0.10 ± 0.3**
(74.52%)

C. maxima 200 0.69 ± 0.11
(14.74%)

1.25 ± 0.24
(37.38%)

1.05 ± 0.22**
(55.56%)

0.65 ± 0.28**
(62.00%)

0.41 ± 0.15**
(72.98%)

0.14 ± 0.11*
(77.74%)

C. sativus 50 0.70 ± 0.19
(14.25%)

1.43 ± 0.21
(28.66%)

1.79 ± 0.20
(24.44%)

1.47 ± 0.31
(13.65%)

1.18 ± 0.25
(22.89%)

0.55 ± 0.20
(11.61%)

C. sativus 100 0.76 ± 0 + 0.10
(5.87%)

1.12 ± 0.06*
(44.38%)

1.56 ± 0.21
(34.14%)

1.17 ± 0.20
(31.38%)

0.76 ± 0.16*
(50.16%)

0.21 ± 0.08*
(65.81%)

C. sativus 200 0.56 ± 0.12
(30.76%)

1.27 ± 0.23
(37.01%)

1.42 ± 0.19
(40.04%)

0.98 ± 0.04*
(42.35%)

0.52 ± 0.06**
(66.16%)

0.20 ± 0.03*
(67.10%)

Aspirin 300 0.22 ± 0.02*
(72.4%)

0.4 ± 0.15**
(79.3%)

0.2 ± 0.05**
(90.8%)

0.09 ± 0.03**
(94.8%)

0.2 ± 0.14**
(88.7%)

0.05 ± 0.01**
(92.6%)

Brufen 100 0.68 ± 0.03
(16.47%)

0.65 ± 0.12*
(67.76%)

0.7 ± 0.2**
(68.71%)

0.6 ± 0.2**
(63.65%)

0.42 ± 0.2**
(72.59%)

0.14 ± 0.03**(92%)

n = 10, Mean ± SEM; *P < 0.05 significant; ** P < 0.01 highly significant as compare to control.
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were also observed for up to 30 days and mortality of animals was
also noted at selected doses.

2.6. Analgesic activity

Analgesic activity of these extracts was tested using hot plate
and tail flick method.

2.6.1. Hot plate test
Anti-nociceptive effect is measured by increase in the latency

by withdrawal or licking time of paw through electrically gener-
ated heat. Only those mice were included in the study which
showed

reaction within 15 s. The cut-off time of 15 s was used to avoid
paw damage due to heat. Extracts and standard drugs were admin-
istered 1 h before the test. The temperature maintained on hot
plate was 55 ± 2 �C and mice were kept on hot plate to record with-
drawal time in seconds or the start of licking or jumping (Turner
and Ebborn, 1965). Mean increase in latency for reaction time
was thought to exhibit analgesic effect (Eddy et al., 1950).

2.6.2. Tail flick test
Tail flick method is an alternative method to evaluate anti-

nociceptive effects of drug by thermal stimuli for confirmation of
analgesic activity (Luiz et al., 1988). The latency time in seconds
was recorded by placing the tail of the mice in pre-heated water
at 50 �C. Readings were noted at 1 h, 2 h, 3 h, and 4 h of adminis-
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tration of ethanol extracts. Mean increase in latency time of tail
withdrawal from hot water after the administration of the extracts
and reference standard were deemed indicators of the analgesic
effects.

2.7. Anti-inflammatory activity

The water displacement method using digital plethysmometer
as adopted by Winter et al. (1962) was used to determine anti-
inflammatory activity with some minor alterations. Ethanol
extracts of these seeds were administered 1 h before the induction
of edema through orogastric tube. Edema was induced in normal
rats by injecting 0.1 mL 1% carrageenan (normal saline) in sub-
plantar tissue of left paw. Measurement of paw volume was carried
out at intervals of 1, 2, 3, 4, 5 and 24 h of the extracts and standard
drug administration. The difference in paw volume after adminis-
tration of extracts was measured from baseline paw volume of
each rat. Two parameters, reduction in paw edema and percentage
inhibition were calculated in comparison to control and standard
drugs aspirin and brufen (Sood et al., 2009; Jamil et al., 2017).
The percentage inhibition in paw edema was determined by for-
mula described by Suleyman et al., 1991.

% inhibition ¼ Vc � Vt

Vc
x 100

where Vc and Vt are the difference of mean paw volumes of control
and treated group animals respectively.
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2.8. Statistical analysis

Data was analysed by using SPSS software version 20 by One-
way ANOVA and general linear model using repeated measures fol-
lowed by Dunnet Post hoc tests. Statistically results were consid-
ered significant when p value was <0.05 and highly significant
when p value was <0.01. Values were expressed as mean ± S.E.M.
3. Results

3.1. Acute toxicity

The results of in-vivo oral acute toxicity of the ethanol seed
extract of C. maxima and C. sativus reveals that these seeds are safe
as there was no mortality, while no toxic symptoms were observed
at selected doses of both extracts. During the experimental period,
there were no symptoms of lacrimation, salivation, laboured
breathing, diarrhoea, constipation, anorexia, hyperesthesia, weight
loss, polyuria, polyphagia, polydipsia, skin damage, hyperesthesia,
abnormal body tone, in coordinated movement, haemorrhage,
sedation, nasal congestion/ rhinorrhoea, loss of autonomic reflexes,
and collapse, hypothermia, or hyperthermia, twitching, spasticity,
tremors, convulsion, fasciculation, writhing and respiratory
depression.

3.2. Sub-acute toxicity

One month sub-acute dosing of ethanol extract of C. maxima
produced no changes in gross behavioural parameters at 50 mg/
Kg like convulsions, tremors, aggression, vocalization, fearfulness,
body tone, righting reflex, staggering gait and grip strength, while
spontaneous activity or passivity, pain response, touch response,
corneal and light response were decreased. Sedation, piloerection
and startle response were increased. The effects after 100 mg/kg
and 200 mg/kg were almost same as compared to 50 mg/Kg dose
of C. maxima, however, with the increment of dose grip strength,
light and corneal reflex were decreased.

There was decrease in some gross behavioural parameter like
awareness, alertness, fearfulness, vocalization, aggression, sponta-
neous activity and pain response, in mice during the one month
sub-acute dosing of ethanol extract of C. sativus at 50 mg/Kg while
no changes were observed in induction of, convulsions, seizures,
tremors, corneal reflex, light reflex, body and limb tone, righting
reflex, staggering gait. However there was increase in startle
response, grip strength, alertness and balance beam at 100 mg/
Kg and 200 mg/Kg. Pain response and touch response were
decreased at each selected doses.

3.3. Hot plate analgesia

Fig. 1 shows results of C. maxima and C. sativus seeds extracts at
50 mg/Kg, 100 mg/Kg and 200 mg/Kg by hot plate method. There
was significant increase in basal reaction time as compared to con-
trol in animals received C. maxima 50 mg/Kg at 1 h, and 2 h, while
highly significant increase was observed at 3 h. There was signifi-
cant increase in reaction time at 1 h and 3 h by C. maxima at100mg/
Kg. C. maxima at 200 mg/Kg significantly increased reaction time at
1 h and 3 h, while there was highly significantly increase in reac-
tion time at 2 h. However, these increments were less than the
standards drugs brufen and aspirin.

The onset of action in C. sativuswas slightly delayed at 50mg/Kg,
showed highly significant increase in reaction time at 2 h followed
by significant increase at 3 h as compared to control.

C. sativus at 100/Kg and 200 mg/Kg produced highly significant
increase in reaction time at 1 h and 2 h as compared to control.
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3.4. Tail flick analgesia

Fig. 2 shows results for analgesic effects of C. maxima and C. sati-
vus seed extracts at 50 mg/Kg, 100 mg/Kg and 200 mg/Kg by tail
flick method. C. maxima at 50 mg/Kg showed highly significant
increase in mean reaction time at 1 h, 2 h, 3 h and 4 h. While C.
maxima at 100 mg/Kg showed highly significant increase in mean
reaction time at 1 h, 3 h and 4 h, however increase at 2 h was sig-
nificant. C. maxima at 200 mg/Kg showed highly significant
increase in mean reaction time at 1 h and 2 h and significant
increase in reaction time at 3 h and 4 h as compare to control.

C. sativus at 100 mg/Kg and 200 mg/Kg showed highly signifi-
cant increase the reaction time at 1 h and 3 h and significantly
increase in reaction time at 2 h as compare to control.
3.5. Anti-inflammatory activity

Fig. 3 shows results for anti-inflammatory effects of C. max-
ima and C. sativus seed extracts at 50 mg/Kg, 100 mg/Kg and
200 mg/Kg. C. maxima at 50 mg/Kg showed significant reduction in
paw edema at 5 h and 24 h with 45.3% and 41.6% inhibition in paw
edema as compared to control. C. maxima at 100 mg/Kg demon-
strated significant reduction in paw edema at 3 h and 4 h with
44.7% and 48.3% inhibition in paw edema as compared to control.
However, at 5 h and 24 h a highly significant reduction in paw
edema was observed with 72.6% and 74.5% inhibition in paw
edema as compared to control. C. maxima at 200 mg/Kg demon-
strated highly significant reduction in paw edema at 3 h, 4 h and
5 h, while at 24 h a significant reduction in paw edema was
observed with 77.7% inhibition in edema as compared to control.

C. sativus at 100 mg/Kg showed significant reduction in paw
edema at 5 h and 24 h with 50.2% and 65.8% inhibition in paw
edema as compared to control. C. sativus at 200 mg/Kg demon-
strated significant reduction in paw edema at 4 h and 24 h, how-
ever at 5 h reduction in paw edema was highly significant with
67.1% inhibition in edema as compared to control. C. maximawas
found to be more effective anti-inflammatory then C. sativus.
4. Discussions

The main objective in the management of chronic pain and
inflammatory disorders is elimination of underlying cause rather
than transient suppression of symptoms. Currently available
NSAIDS are basically prostaglandin synthesis inhibitors which
mainly suppress the body immunity response in all conditions.

The results of both acute and sub chronic toxicity testing
revealed that these seeds are safe for oral use even up to
1000 mg/Kg. This finding is in line with the previous studies that
indicate safety of these seeds up to 5000 mg/Kg. All tested seed
extracts were non-toxic and can be classified according to the glo-
bal harmonization system as category 5 having LD50 value greater
than 2000–5000 mg/Kg. According to Cruz et al. (2008), LD50 of C.
maxima seeds is more than 5000 mg/Kg. Similarly, toxicity of C.
sativus seed oil, leave and fruit extracts also reveals its safety up
to 5000 mg/kg. Hence, the present study confirms safety of these
seeds following oral use.

The analgesic and anti-inflammatory properties of ethanol seed
extracts of C. maxima and C. sativus were investigated in mice and
rats respectively. Hot plate and tail-flick tests were used to assess
thermal and neuronal induced algesia. Although, the stimuli were
thermal in both tests, spinal reflexes were mainly involved in
paw licking and tail-flick responses (Suh et al., 1992; Schmauss
and Yaksh, 1984). The antinociceptive effect in the tail flick and
hot plate tests indicates that these extracts have effect on CNS as
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demonstrated through inhibition of the spinal reflex and suprasp-
inal centres (Dewey et al., 1970).

Carrageenan sub plantar injection acts as a local irritant that
increases membrane phospholipase activity triggering synthesis
of several pain and inflammatory cytokines like histamines, 5HT,
bradykinins, leukotrienes, eicosanoids and prostaglandins which
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increases the paw size. First phase of inflammation starts within
one hour of carrageenan injection by the release of histamine, sero-
tonin and activation of cytoplasmic enzyme followed by Plateau
phase maintained by bradykinin like substances. Both C. maxima
and C. sativus initially showed little effect in reducing paw size
however, during the second phase of inflammation which is due
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to the release of prostaglandin showed significant reduction in paw
size at 3 hrs that last up to 24 hr thus indicating the presence of
some COX enzyme inhibitors in these extracts.

C. sativus and C. maxima are the rich sources for various phyto-
chemicals especially tetracyclic terpenoids type cucurbitacin.
These are hepatoprotective, highly oxygenated phytochemicals
having a basic structure of cucurbitane skeleton (Dhiman et al.,
2012; Torkova et al., 2018). Seed of the C. maxima have been found
to contain high quantities of cucurbitacin B and small quantities of
Cucurbitacin D and E (Salehi et al., 2019a; 2019b) while Cucur-
bitacins A, B, C, D, E and I were also recognized in seeds of different
verities of C. sativus (Rice et al., 1981; Mukherjee et al., 2013).
These terpenes possess good antineoplastic, antibacterial, COX 2
inhibition and anti-fungal characteristics (Rajasree et al., 2016).
Furthermore, these compounds have been also investigated for
their anti-inflammatory activities, cardiovascular and anticoagu-
lant characteristics that is mainly due to the inhibition of the
cyclooxygenase (COX) enzymes (Miro, 1995; Peters et al., 1997;
Yesilada et al., 1998). The cucurbitacin are classified into twelve
categories- cucurbitacins A-T differ with respect to oxygen func-
tional group at various positions (Chen et al., 2005). Some cardiac
glycosides are also present in these seeds having anti-
inflammatory activity besides cardiac activity. Tannins are also
found in the ethanol extract of C. maxima and C. sativa that have
astringent, metal ion chelating, proton precipitating and antioxi-
dant properties that accelerate wound healing and decrease
inflammation of membrane. Phytosterols like carotenoids have
also been found in these extracts. Furthermore, presence of high
content of magnesium i.e., 348 ppm in C. maxima (Habib et al.,
2015) and (8.5%) in seeds of C. sativus (Mariod et al., 2017) may also
be responsible for its synergistic analgesic effects through central
nervous system. Magnesium has a role in the inhibition of central
sensitization and attenuation of pain especially in case of hyper-
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sensitivity of different pains such as migraine and neuropathic pain
associated with diabetes. The mechanism of action of magnesium
seems to involve antagonism of voltage-gated N-methyl-D-
aspartate (NMDA) receptors so it provides putative function in pain
transduction in various clinical conditions related to acute or
chronic pain (Na et al 2011). This supports the idea as magnesium
supplements in various salt form is used clinically as adjuvant in
different pre-operative and post-operative surgical procedures in
combination with propofol and lidocaine and in chemotherapy
induced neuropathy (Na et al 2011).

Pumpkin-based foodstuff is reported as a source of anti-
inflammatory herbal remedy for arthritis treatment due to the
presence of carotenoid (Seo et al., 2005) b-Carotene is the major
carotenoid with concentrations more than 70 lg/g (Provesi and
Amante, 2015). Pumpkin seed oil used as an adjuvant in induced
arthritis rats model similar to indomethacin, a well-known anti-
inflammatory substance. Its clinical applicability as an antioxidant
was also assessed in rheumatoid arthritis compared with indo-
methacin (Van-Vugt et al., 2008; Dixon, 2015).

The analgesic activity of these extracts may probably be medi-
ated either by the inhibition of COX enzymes or NMDA receptors
in CNS since both seed extracts have high magnesium contents.
As far as anti-inflammatory effects are concerned, these may be
due to cucurbitacins or carotenoids. The findings of present study
suggest isolation of active components having analgesic and anti-
inflammatory effects.
5. Conclusion

According to the results obtained, one can conclude that etha-
nol extracts of C. maxima and C. sativa seeds are safe and efficacious
analgesic and anti-inflammatory agents with effects comparable to
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standard drugs brufen and aspirin. These seeds extracts were safe
up to tested period of 30 days. Nonetheless the study has some
limitation since does not include clinical studies which are neces-
sary for safe use of any drug before general use in humans. How-
ever clinical studies, may be carried out in future to assure the
safe use of C. maxima and C. sativa seeds extract.
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The findings of the present study lead us to an alternate of
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use instead. Therefore these results may help altering arena of
pharmacology to treat ailments by the use of natural medicines
with negligent adverse effects.
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