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Abstract 

 
Pumpkin, as a dietary plant, has been used in traditional medicine around the world. In addition, during the 
last decade, antidiabetic, antihypertensive, antitumor, intestinal antiparasitic, antibacterial, anti 
hypercholesterolemia, anti-inflammatory, immunomodulatory and analgic effects of pumpkin has been 
reported. The aim of the present study was to determine the effects of different extracts of Cucurbita pepo L. 
on the immune responses. Methanolic, chloroform and ethylacetate extracts of C. pepo fruits was obtained 
using percolation method. Mice were used to study the effects of C. pepo extracts on the acquired immunity. 
Sheep red blood cell (SRBC) was injected (S.C., 1×108 cells/ml, 20 µl) and 5 days later, methanolic, 
chloroform and ethylacetate extracts of C. pepo at diiferent doses (10, 100 and 500 mg/kg), betamethasone 
and levamisol at equal doses (4 mg/kg) as positive controls and normal saline as a negative control were 
given i.p. After 1 h SRBC was injected to the footpad (S.C., 1×108 cells/ml, 20 µl) and the footpad swelling 
was measured up to 72 h. To investigate the effects of C. pepo on the innate immunity the same procedure 
was used, but animals received only one injection of SRBC 1 h after i.p. injection of test compounds. Our 
findings showed that SRBC induced an increase in the paw swelling with maximum response at 6-8 h. 
Betamethasone inhibited the paw swelling in both models. In both innate and acquired immunity models, 
methanolic, chloroform and ethylacetate extracts of C. pepo fruits significantly reduced the paw swelling 
dose dependently. The data suggest that the pumpkin extracts may have immunomodulatory effects.   
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INTRODUCTION 

 
During the last decades there has been 

considerable attention all over the world to the 
use of dietary plants and herbal preparations as 
alternative medicine. Several herbs have been 
used traditionally to prevent and treat diseases. 
About 12.1% of adults in the United States 
used herbal medicines in 1997 (1). In 2001, 
about 4.2 billion Dollars was spent on the 
herbal remedies in America (2). It should be 
considered that in the developing countries the 
use of the herbal remedies is much higher, as 
70-95% of the population relies on the use of 
traditional medicines for primary medical 
problems. WHO reported an exponential 
increase in the rate of consumption of herbal 

remedies, as in 2008 the global market for 
traditional medicines was about 83 billion US 
Dollars annually (3). Recently, scientific 
evaluation of dietary plants and preparations of 
plant origin medications have received more 
attention. One of these plants is pumpkin 
which has been frequently used as functional 
food or medicine. 

Pumpkin is a gourd-like squash of the 
genus Cucurbita and the family Cucurbitaceae. 
The family Cucurbitaceae comprises about 80 
genera and over 800 species (4). It commonly 
refers to cultivars of anyone of the species     
C. pepo, C. mixta, C. maxima Duchesne,       
C. Ficifolia, and C. moschata. Among these, 
C. pepo, C. maxima Duchesne and C. moschata 
Duchesne have great economical and social 
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value in the horticulture worldwide with high 
production (5-7). They have typically a thick, 
orange or yellow shell, creased from the stem 
to the bottom, containing the seeds and pulp. 

Pumpkin is cultivated throughout the world 
for use as vegetable as well as medicine. It has 
been used traditionally as medicine in many 
countries such as China, Argentina, India, 
Brazil and Iran (8-10).  

Although pumpkin is a well-known edible 
plant, it has been used in the traditional 
medicine worldwide. Many compounds have 
been isolated from the pumpkin spp, but only 
some of them have biological activities and 
medicinal properties (11). 

In most countries it is commonly used as 
antidiabetic and internally as well as externally 
for management of worms and parasites. In the 
last few decades, researches have been focused 
on the antidiabetic (12,13), antihypertension, 
antitumor (14-19), antibacteria, antifungal 
(20), antihypercholesterolemia, intestinal anti-
parasitia (21), immunomodulatory, anti-
inflammatory (22,23) and antalgic effects of 
pumpkin. (24,25). The pumpkin poly-
saccharides, by increasing the cell immune 
function, are responsible for the immuno-
modulatory activity of pumpkin (26). In 
addition, enhancement of splenic lymphocyte 
proliferation, natural killer cell activity and an 
increase in the number of CD4+, CD8+ T cells 
and the CD4+/CD8+ ratio by pumpkin extracts 
has been reported (27). In the current study 
delay type hypesensitivity (DTH), a model of 
cell-mediated response that is well-defined in 
vivo was used. DTH reaction can be quantified 
by measuring the amount of the paw swelling 
after injection of antigen (28-30). The aim of 
this study was to investigate the effects of 
different extracts of the C. pepo fruit on the 
cellular immune system or antibody potential 
in mice or rats. 

 
MATERIALS AND METHODS 

 
Plant material 

The fruits of C. pepo were purchased from 
Najafabad market of Isfahan province. The 
plant specimen was identified by the Department 
of Pharmacognosy, School of Pharmacy and 
Pharmaceutical Sciences, Isfahan University 
of Medical Sciences, Isfahan, Iran. 

Preparation of the extracts 
Air-dried fruits of the plant (100 g) were 

coarsely powdered and perculated with 400 ml 
of methanol:water (75:25), chloroform or 
ethylacetate:water (17:3) for 48 h. After 
filtration, the extracts were evaporated until 
dryness in a vacuum evaporator (31,32). 

 
Determination of polyphenolic compounds of 
C. pepo 

Using Folin-Ciocalteau method, total 
polyphenolic compounds of C. pepo were 
determined spectrophotometrically at 765 nm. 
Gallic acid was used as the standard (33). 

 
Animals 

Six to eight-weeks old Balb/c male mice and 
the Wistar rats were purchased from the Pasteure 
Institute (Tehran, Iran). Treatment of the animals 
was in accordance with the institutional 
guidelines. They were maintained in a tempe-
rature and light-controlled environment with 
free access to standard rodent chow and water. 

 
Sheep red blood cell-induced paw swelling 

Nine groups of Balb/c mice each consisted 
of eight animals, received the methanolic, 
chloroform or ethyl acetate extracts of the C. 
pepo at different doses of 10, 100 and          
500 mg/kg. In addition, three other groups of 
animals received equal doses of 4 mg/kg of 
betamethasone and levamisol as the positive 
controls and normal saline as the negative 
control. The sheep red blood cell (SRBC) was 
prepared by centrifugation which followed by 
3 times washing with normal saline. To 
investigate the effects of the extracts of the C. 
pepo on the acquired immunity, 20 µl of 
SRBC containing 1 × 108 cells/ml was injected 
subcutaneously (S.C) to the shaved back of 
animals on day 0. The mice were challenged 
on day 5 by S.C. injection of 20 µl of                
1 × 108 SRBC/ml into the right hind of the 
footpad. The footpad swelling was measured 
with an engineer’s caliper (Diamond brand, 
China, 150 × 0.02 mm) up to 72 h after antigen 
challenge, and the degree of the footpad 
swelling was calculated as follows:  

 

Increase (%) = (the footpad swelling after antigen 
challenge – the footpad swelling before antigen 
challenge/the footpad swelling before antigen 

challenge)×100 



Effects of Cucurbita pepo on DTH 

219 

To assess the effects of the extracts of the 
C. pepo on the innate immunity, the rats 
received one injection of SRBC on day 0 into 
the footpad (S.C) 1 h after i.p. injection of the 
test compounds (28-30). The time course of 
studies was the same in all the experiments. 

 
Measurement of the humoral immune 
response  

Procedure for immunization was the same 
as for the acquired immunity. The challenge 
was made on the day 6. For collecting blood 
samples, light ether anaesthesia was used. To 
avoid any circadian influence, blood sampling 
and sacrificing were made between            
8.00-9.00 a.m. The serum was separated and 
kept at minus 20°C until use. Direct haem-
agglutination test in microtiter plate was 
performed to determine the circulating 
antibody titer (34). The plates were incubated 
for two h at room temperature. Antibody titer 
was determined as the reciprocal of the highest 
dilution exhibiting hemagglutination. SRBC 
was obtained from the same animal source for 
all the experiments. 

 
Statistical analysis 

SIGMASTATTM (Jandel Software, San 
Raphael, CA) was used to perform statistical 
analyses. The data are presented as means ± 
S.E.M. The significance of the differences 
between various experimental groups was 
determined by analysis of variance, followed 
by Kruskal Wallis post hoc test. Significance 
was assumed at 5% level. 

 
RESULTS 

Using percolation method for extraction, 
the extract yield of semi-solid masses         
after evaporation and solvent removal of 
methanol:water, chloroform and ethylacetate: 
water of C. pepo were 30, 25 and 10%, 
respectively. 
 
Effects of methanolic, chloroform and 
ethylacetate extracts of C. pepo on the innate 
immunity 

The animals were randomly divided into 
twelve groups, each composed of eight mice. 
The first nine groups of animals received a 
single dose of methanolic, chloroform or 

ethylacetate extracts of C. pepo (10, 100, and 
500 mg/kg). The tenth and eleventh groups of 
mice (positive controls) received betame-
thasone or levamisol (4 mg/kg), while the 
twelfth group was injected normal saline 
which served as the negative control. After 1 h 
SRBC was injected into the footpad and the 
paw swelling was measured up to 24 h. SRBC 
injection significantly increased the paw 
swelling with maximum response at 6-8 h 
(P<0.05, Figs. 1-3).  

Injection of betamethasone (4 mg/kg) 
significantly inhibited the paw swelling while 
levamisol (4 mg/kg) significantly increased the 
paw swelling (Figs. 1-3). Methanolic, 
chloroform, and ethylacetate extracts of C. 
pepo fruits at the doses of 10, 100 and 500 
mg/kg significantly in a dose-dependent 
fashion reduced the paw swelling (P<0.05, 
Figs. 1-3) . 
 
Effects of methanolic, chloroform and 
ethylacetate extracts of C. pepo on the 
acquired immunity  

Different groups of mice (similar to those 
of the innate immunity model) were used. 
They were challenged with S.C injection of 
SRBC on day 0 followed by day 5 one h after 
i.p. injection of betamethasone, levamisol or 
extracts the paw swelling was measured up to 
72 h. SRBC injection significantly increased 
the paw swelling with maximum response 
occured at 4 h (P<0.05) (Figs. 4-6). Percent 
changes in the paw swelling in the control 
group was significantly higher than those of 
the innate immunity (P<0.05). Injedction of 
betamethasone (4 mg/kg) significantly 
decreased the paw swelling, while levamisol 
(4 mg/kg) significantly increased the paw 
swelling (Figs. 4-6).  

Our findings showed that methanolic, 
chloroform, and ethylacetate extracts of           
C. pepo fruits significantly and dose 
dependently reduced the paw swelling 
(P<0.05, Figs. 4-6). 
 
Circulating antibody titers  

The anti-SRBC antibody dilution is shown 
in Table 1. In unchallenged rats there was no 
significant change in the SRBC specific 
circulating antibody levels. After an immune 
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challenge, betamethasone decreased the 
antibody levels while levamisol increased     
the antibody concentration. Methanolic, 

chloroform and ethyl acetate extracts of the    
C. pepo significantly increased the serum titer 
(P<0.05).  
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Fig. 1. Effect of the methanolic extract of the C. pepo on the innate immunity. Results are shown as percent increases in 
the paw swelling ± S.E.M. Groups of 8 mice per condition were used. * = P<0.05 compared with the negative control 
group.  
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Fig. 2. Effect of the chloroform extract of the C. pepo on the innate immunity. Results are shown as percentage 
increases in the paw swelling ± S.E.M. Groups of 8 mice per condition were used. * = P<0.05 compared with the 
negative control group.  
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Fig. 3. Effect of the ethylacetate extract of the C. pepo on the innate immunity. Results are shown as percentage 
increases in the paw swelling ± S.E.M. Groups of 8 mice per condition were used. * = P<0.05 compared with the 
negative control group. 
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Fig. 4. Effect of the methanolic extract of the C. pepo on the acquired immunity. Results are shown as percent increases 
in the paw swelling ± S.E.M. Groups of 8 mice per condition were used. * = P<0.05 compared with the negative control 
group.  
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Fig. 5. Effect of the chloroform extract of the C. pepo on the acquired immunity. Results are shown as percent increases 
in the paw swelling ± S.E.M. Groups of 8 mice per condition were used. * = P<0.05 compared with the negative control 
group. 
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Fig. 6.  Effect of the ehylacetate extract of the C. pepo on the acquired immunity. Results are shown as percent 
increases in the paw swelling ± S.E.M. Groups of 8 mice per condition were used. * = P<0.05 compared with the 
negative control group. 
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Table 1. Rat serum anti-SRBC antibody dilution 
Groups Rat serum anti-SRBC antibody dilution 
Negative control  1/1000 
Betamethasone (positive control) 1/600 * 
Levamisol (positive control)  1/30000 * 
Methanolic extract 1/10000 * 
Chloroform axtract 1/20000 * 
Ethyl acetate extract 1/10000 * 

Results are shown as serum anti-SRBC antibody dilution. Groups of 8 mice per condition were used. * = P<0.05icompared 
with the negative control group. 
 

DISCUSSION 
 

The aim of this study was to look at the effects 
of different extracts of the C. pepo as a 
potential source of immunomodulatory 
compounds by measuring of the DTH. 
Disturbance in the immune system can cause 
many clinical disorders. In the management 
and treatment of inflammation and allergic 
diseases we need to suppress the immune 
system, while stimulation of the immune 
system is highly desirable for the treatment of 
HIV, immunodeficiency and infectious 
diseases (35). However, it has been shown that 
certain agents normalize or modulate 
pathophysiological processes and are hence 
called immunomodulatory agents withought 
being specifically stimulatory or suppressive 
(36). In addition, increase in antibiotic 
resistant strains of microorganisms is a serious 
problem in the treatment of infectious diseases 
which prompted scientists to look for the 
herbal immunomodulators (37).  It has been 
suggested that most of the therapeutic effects 
of medicinal plants in the treatment of 
infectious diseases are mainly due to their 
effects on the immune system. This 
encourages scientists to identify and 
characteriz natural compounds with 
immunomodulatory activity (38). Many 
compounds including polysaccharides, 
phenolic compounds, alkaloids etc. are 
immunomodulator. Pumpkin contains several 
compounds including polysaccharides, anti-
fungal proteins, such as a- and b-moschins, 
myeloid antimicrobial peptide (39-40). In 
addition, bryonolic acid, a naturally occurring 

triterpenoid, has been identified in multiple 
species of the Cucurbitaceae family. Several 
biological activities such as anti-allergic, 
cytotoxic and anti-tumor activities have been 
reported for bryonolic acid (41).   
      Betamethasone (4mg/kg), an 
immunosuppressive drug (41-42), inhibited the 
paw swelling and levamisol (4mg/kg), an 
immunostimulating drug (43), increased the 
paw swelling in both the innate and acquired 
immunity models indicating the accuracy of 
the method used in these experiments (Figs. 1-
6). Methanolic, chloroform and ethylacetate 
extracts of the C. pepo reduced significantly 
the paw swelling in both models and there was 
a clear dose-dependent response in 100 mg/kg 
and 500 mg/kg doses (p<0.05) (Figs. 1-6). In 
the innate immunity model the methanolic and 
ethylacetate extracts were more potent than the 
chloroform extract. The immunomodulating 
activities of C. pepo may depend on various 
chemical compounds such as different kinds of 
cucurbitacins, proteins and vitamin E. The 
most important role may belongs to the 
cucurbitacins. The cucurbitacins are the most 
important compounds in cucurbitaceae family. 
They are anticancer natural triterpenoids that 
nowadays has been focused because of the 
vast spectrum of effects (44-45). In addition, 
they have free radical scavengering effect and 
antioxidant activity (46). The C. pepo has also 
a considerable amount of vitamin E that is a 
very important antioxidant compound (47). 
Pupkin fruits  consist  of  up  to  50 %  fatty  
oil, proteins, carotenoids,  tocopherols,  
phytosterols  and phytoestrogens as well (48-
51). Aminoacids, polysaccharides and 
polyphenols as polar constituents of plants can 
be extracted with polar solvents such as 
methanol and water. It has been shown that 
polysaccharides and polyphenols possess 
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immunomodulatory effects (26). However, 
further pharmacological and phytochemical 
studies are needed to identify the constituents 
of the C. pepo and precisely evaluate their 
immunomodulating activities and mechanisms. 

 
CONCLUSION 

 
It can be concluted from this study that 

different extracts of C. pepo fruits have 
immunomodulatory activity which makes it a 
good candidiate for further studies.  
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