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ABSTRACT  

Fresh juice of Lagenaria vulgaris has been prescribed traditionally for the treatment of pain, gastric ulcer, fever, 
pectoral cough, asthma, treatment of inflammation and hepatotoxicity. L. vulgaris is known to contain actives like 
triterpenoid cucurbitacins B, D, G, H, fucosterol, campesterol, flavone C-glycosides, various antioxidants like as-
corbic acid and β-carotene which are reported to have therapeutic efficacy. In the present work, fresh juice of L. 
vulgaris was evaluated for its in-vivo antioxidant and immunomodulatory activity against pyrogallol induced im-
munosuppression. For in-vivo antioxidant activity, various parameters such as lipid peroxidation, reduced gluta-
thione, superoxide dismutase (SOD) and catalase were evaluated as markers of oxidative stress. Specific immune 
responses including humoral (both primary & secondary) and cellular immune response were determined. Phago-
cytosis, total leukocyte count and differential leukocyte count as a measure of non specific immunity were also 
estimated. It was observed that juice of L. vulgaris showed stimulation of both humoral and cellular immune res-
ponses in immunocompromised conditions. There was increase in neutrophils and total leukocyte count, which 
could be responsible for stimulation of non-specific immunity, mediated by phagocytosis and delayed type hyper-
sensitivity (DTH) response. Thus fresh juice of L. vulgaris showed significant protection against oxidative stress 
induced immunosuppression by pyrogallol. 
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INTRODUCTION 

Immunomodulation is a therapeutic approach involving 
intervention in auto regulating processes of the de-
fense system. The extreme manifestations of immu-
nomodulating action of biologically active substances 
are immunosuppression (depression of the immune 
response) and immunostimulation or immunopotentia-
tion (strengthening of the immune response) . Thus, 
both immunostimulating agents and immunosuppress-
ing agents have their independent stand and search for 
better actives exerting these activities is becoming the 
field of major interest worldwide (Patwardhan, et al., 
1990). Modulation of immune responses and the con-
cept of 'Rasayana' in Ayurveda are based on related 
principles (Sharma, 1983). The function and efficiency 
of the immune system may be influenced by many ex-
ogenous and endogenous factors like food, pharma-
ceuticals, physical and psychological stress, hormones 
etc., resulting in either potentiation or suppression of 
immune responses. Apart from being specifically sti-
mulatory or suppressive, certain agents normalize or 
modulate pathophysiological processes and are hence 

called ‘immunomodulatory agents. 

Lagenaria vulgaris (mol.) Standl. Synonym Lagenaria 
siceraria ser. (family: Cucurbitaceae) is a popular Indian 
vegetable grown almost all the year round, particularly 
in frost free areas. The major chemical constituents 
include saponins, proteins, fibres, flavanoids and car-
bohydrates. More specifically it contains triterpenoid 
cucurbitacins B, D, G, H (Evans, 1996; Sonja, 2000), 
fucosterol, campesterol, flavone C-glycosides (Shirwai-
kar, 1996), vitamin B-complex, pectin, highest choline 
level-a lipotropic factor various antioxidants like vita-
min C and β-carotene (Rahman, 2003; Evans, 1996; 
Sonja, 2000). Traditionally, the vegetable is claimed to 
possess antipyretic activity, cardioprotective, cardi-
otonic, general tonic, aphrodisiac, diuretic, nutritive 
properties (Kirtikar, 2001) and ribosome-inactivating 
protein activity (Wang and Ng, 2000). It is also used in 
treatment of pain, ulcer, fever, pectoral cough, asthma 
and other bronchial disorders (Anonymous, 1962; 
Khare, 2004), treatment of inflammation and hepato-
toxicity (Panda, et al., 2004).  

Free radical generation is vital for both natural as well 
as acquired immunity and responsible for various func-
tions such as microbicidal activity of phagocytes or 
cytotoxic activity or the lymphoproliferative response 
to mitogens (Fuente and Victor, 2000). However, if this 
phenomenon is in excess and remains unchecked, it 
leads to cell damage or death due to oxidative damage 
of membrane lipids, proteins, carbohydrates and nu-
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cleic acids. Oxidative stress results from imbalance 
between the production of free radicals especially, 
reactive oxygen species (ROS) and the inherent anti-
oxidant defenses available against them. Oxidative 
stress may influence the immune system either by hy-
perexcitation to cause autoimmune disorder or sup-
press it, resulting in higher susceptibility to infections 
(Devasagayam and Sainis, 2002). Excited mental states 
such as various forms of stress are now known to en-
hance the generation of excessive free radicals leading 
to several disorders. A number of Indian medicinal 
plants and various Rasayanas have been claimed to 
possess immunomodulatory activity. There is a need to 
evaluate the potential of Ayurvedic remedies as adju-
vants to counteract side effects of modern therapy and 
compare the cost effectiveness of certain therapies vis-
a-vis modern therapeutic schedules (Dhanukar and 
Thatte, 1997).  

Pyrogallol was used as the immunosuppressive agent 
(Joharapurkar, et al., 1994). Reports have demonstrat-
ed that it induces oxidative stress leading to immuno-
suppression unlike other agents employed like cispla-
tin, cylcophosphamide or corticosteroids whose me-
chanism of suppressing the immune responses is not 
clearly understood yet.  

Owing to the diversity of health benefits that L. vulga-
ris offers as well as antioxidant and immune modulat-
ing potential of the chemical constituents, an attempt 
was made to evaluate both the activities using pyrogal-
lol induced immunosuppression. 

MATERIALS AND METHODS 

Animals: Wistar rats (180-220g), of either sex, supplied 
by the Haffkine Biopharmaceuticals, Mumbai, India 
were used. They were allowed to acclimatize one week 
before experimentation; in the departmental animal 
house. The animals were maintained under standar-
dized environmental conditions (25-30

o
C, 12 hr 

dark/light cycle) and fed with standard rat feed (Amrut 
Animal Diet, Sangli) and water ad libitum. All the pro-
cedures were performed in accordance with the Insti-
tutional Animal Ethical Committee, after approval of 
the protocol (No. UICT/IAEC/PH/0206/16).  

Chemicals: All the chemicals (AR grade) used were pur-
chased from S. D. Fine Chem. Limited, India except 
DTNB (Sigma, USA) and Sheep Red Blood Cells (SRBC) 
was procured from Deonar Abattoir, Mumbai. 

Plant material: Lagenaria vulgaris was identified and 
authenticated by Dr. Harshad Pandit at the Depart-
ment of Botany, Khalsa college, Mumbai. The vegeta-
ble was purchased from Mumbai local market and 
stored in UICT under Herbarium sample number 
PH/SSS/01. 

Preparation of L. vulgaris juice: The vegetable was first 
grated, followed by immediate squeezing of the grated 
material. This squeezed juice of L. vulgaris was always 
freshly prepared prior to administration. 

Treatments Groups: Animals were divided into the 
following groups with 18 animals each: 

Control: No treatment  

Negative control: Pyrogallol (i.p.,50mg/kg)  

Test: Pyrogallol (i.p.,50mg/kg) + L. vulgaris juice (1 ml, 
p.o)  

Standard: Pyrogallol (i.p.,50mg/kg) + Immunosin (Poly-
herbal immunomodulant) (0.4 ml, p.o)  

The dose levels of test and standard groups were 
extrapolated from reported or prescribed human dose. 

On 14
th

 day of treatment, SRBC (0.5x10
9
 cells/100 g) 

were administered intraperitoneally to all the animals, 
as the antigenic material to sensitize them for immuno-
logical responses.  

On 21
st

 day blood was collected from the retro orbital 
plexus for determination of antibody (Ab) titer (Prima-
ry humoral immune response) followed by a second 
challenge of SRBC.  

On 28
th

 day, blood was again collected for determina-
tion of Ab titer (Secondary humoral immune response), 
percent phagocytosis, total leukocyte count & differen-
tial leukocyte count (non specific immune responses). 
Blood samples were also withdrawn for estimation of 
lipid peroxidation, reduced glutathione, catalase & 
superoxide dismutase as indicators of oxidative dam-
age.  

On 29
th 

day, edema was induced in the right paw of 
rats by injecting SRBC (0.025 x 10

9
 cells) in the subplan-

tar region. The left paw received saline solution to 
serve as control. The mean increase in the paw volume 
(delayed type hypersensitivity reaction) after 48 h was 
measured using a plethysmometer.  

Immunological responses  

1. Humoral immune response: 100 μl of saline was 
dispensed in all wells (12) of microtitre plate of one 
row. Then 100 μl of serum was dispensed into first well 
and mixed. 100 μl from this well was transferred to 
well 2. This was followed by serial dilution in the row 
till 11

th
 well. Last well was kept as negative control (no 

serum). Then 100 μl of SRBC (0.025 x 10
9
 cells) were 

added to each well. It was then mixed and kept for 
incubation at 37

o
C for 2 hours. The rank of minimum 

dilution that exhibited hemagglutination was consi-
dered as antibody titer. The level of antibody titer on 
day 21 was considered as the primary humoral im-
mune response and the one on day 28 was considered 
as the secondary humoral immune response (Johara-
purkar, et al., 1994). 

2. Cellular immune response: SRBC suspension was 
injected in right hind foot pad. The contra lateral paw 
received an equal volume of saline. The thickness of 
the foot pad was measured at 48 h after challenge us-
ing plethysmometer. The percent change in the thick-
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ness volume of the right hind paw and the left hind 
paw was used as a measure of delayed type hypersen-
sitivity reaction (Joharapurkar, et al., 1994). 

3. Phagocytosis: Drops of blood collected on clean 
glass slide, was placed in the moist chamber. This was 
kept for incubation at 37

o
C for 25 minutes. The clot on 

the slide was teased off gently using needle and resi-
dual blood washed with normal saline carefully. After 
removal of the clot, the area was flooded with adjusted 
Candida albicans suspension. This was incubated at 
37

o
C for 1h. Then slide was stained with Leishman’s 

stain for 15 minutes. Then slide was washed with dis-
tilled water. Finally it was observed under oil immer-
sion lens. Neutrophils were counted with Candida 
spores and without it. % phagocytosis is the number of 
polymorphonuclear cells containing ingested Candida 
spores out of 100 cells observed (Joharapurkar, et al., 
1994). 

4. Estimation of total leukocyte count: Blood was tak-
en in a clean dry WBC pipette up to mark 0.5. WBC 
diluting fluid was then drawn up to mark 11 (dilution 1 
in 20). The content of pipette was mixed for about 3 
minutes. First 4-5 drops were dispelled and placed on 
clean Neubauer’s chamber with a cover slip on it. After 
2 minutes, leucocytes were counted under microscope 
(Talib, 2000). 

5. Estimation of differential leukocyte count: Blood 
drop was taken on one end of the slide and a film was 
formed by spreading it on the whole slide using anoth-
er slide. After the slide got dried, Leishman’s stain was 
poured to cover it fully for 2 minutes, followed by addi-
tion of buffer. Diluted stain was washed after 5 mi-
nutes and dried slide was observed under oil immer-
sion lens (Talib, 2000). 

6. Oxidative stress parameters: They were assessed in 
the blood of rats on the 28

th
 day of the experiment. 

6.1. Lipid peroxidation: To 2.0 ml of the 5% suspension 
of RBC in 0.1M Phosphate buffered saline, 2.0 ml of 
28% trichloroacetic acid was added and centrifuged. 
1.0 ml of thiobarbituric acid was added to supernatant, 
heated at 95

o
C in boiling water for 60 minutes and 

then cooled. The absorbance was measured at 532 nm. 
Lipid peroxidation was calculated based on molar ex-
tinction coefficient of malondialdehyde (MDA) (1.56 x 
10

5
) and expressed in terms of nanomoles of MDA/g 

Hb (Halliwell and Chirico, 1993). 

6.2. Superoxide dismutase (SOD): It was estimated in 
the erythrocyte lysate prepared from the 5% RBC sus-
pension. To 50 μl of the lysate, 75 mM of Tris HCl buf-
fer (pH 8.2), 30mM EDTA and 2 mM of Pyrogallol were 
added. An increase in absorbance was recorded at 420 
nm for 3 minutes in spectrophotometer. One unit of 
enzyme activity is 50% inhibition of the rate of autoox-
idation of Pyrogallol as determined by change in ab-
sorbance/min at 420 nm. The protein content of lysate 
was estimated by Lowry’s method and activity of SOD 

is expressed as units/mg protein (Marklund and Mar-
klund, 1984) 

6.3. Catalase: Catalase activity was determined in eryt-
hrocyte lysate using Aebi’s method with some modifi-
cations. The erythrocyte lysate (50 μl) was added to a 
cuvette containing 2.0 ml of phosphate buffer (pH 7.0) 
and 1.0 ml of 30 mM hydrogen peroxide. Catalase ac-
tivity was measured at 240nm for 1 minute using spec-
trophotometer. The molar extinction coefficient of 
H2O2 43.6 M cm

-1
 was used to determine the catalase 

activity. One unit of activity is equal to one milimole of 
H2O2 degraded per minute and is expressed as units 
per mg of protein (Aebi, 1984; Joharapurkar, et al., 
1994). 

6.4. Reduced glutathione: Blood glutathione was 
measured by addition of 0.2 ml of whole blood to 1.8 
ml distilled water followed by 3.0 ml of precipitating 
mixture (1.67 g metaphosphoric acid, 0.2 g EDTA and 
30 g NaCl to make 100 ml of solution). It was centri-
fuged at 5000 x g for 5 minutes and 1.0 ml of filtrate 
was added to 1.5 ml of the phosphate solution, fol-
lowed by the addition of 0.5 ml of DTNB reagent. The 
optical density was measured at 412 nm using a spec-
trophotometer (Ellman, 1959). 

Statistical Data Analysis: Data was expressed as mean 
± standard error of the mean (SEM.) and statistical 
analysis was carried out using One-way analysis of va-
riance (ANOVA) followed by Dunnett’s t-test (compar-
ing all groups versus negative control) using Instat 
v.2.02 software. P values < 0.05 were considered signif-
icant. 

RESULTS & DISCUSSION 

The immune system is vulnerable to the free-radical 
induced oxidative stress. Cellular components of im-
mune system are rich in polyunsaturated fatty acids 
which are primary target for free radicals. These free 
radicals are capable of reacting with membrane lipids, 
nucleic acids, proteins and enzymes, and other small 
molecules, resulting in cellular damage by causing lipid 
oxidation, protein oxidation, DNA strand breaks, and 
modulation of gene expression.Lipid peroxidation 
products formed are highly cytotoxic resulting in de-
crease membrane fluidity, which adversely affects im-
mune responses (Bendich, 1993). This phenomenon 
may result in increased prostaglandin levels that are 
strong immunomodulators. More ROS and radical de-
rived products are also generated during the action of 
lipooxygenase and cylcooxygenase. The increased en-
dogenous ROS present during ageing and various dis-
ease states affect integral membrane function, includ-
ing the cell mediated immune reaction involving pha-
gocyte membrane NADPH oxidase that depends on the 
triggering of protein kinase C to produce superoxide. 
Depressed immunocompetence associated with age-
ing, various diseases and poor nutrition may result 
from an excess generation of ROS due to the down 
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regulation of these two enzymes (Devasagayam, 2002; 
Bendich, 1993).  

It has been reported that antioxidant vitamins enhance 
immune responses but the intake needed for this ac-
tion is many times greater than the currently recom-
mended allowances (Bendich, 1993). In this case, natu-
ral compounds from herbals or herbal extracts having 
antioxidant and immunomodulatory activities have 
tremendous potential as a prophylactic and therapeu-
tic agent.  

The endogenous antioxidant system comprising of an-
tioxidant enzymes like superoxide dismutase, glu-
tathione peroxidase, catalase, glutathione reductase, 
bilirubin, thiols, NADPH and NADH which catalyze free 
radical quenching reactions, prevents the deleterious 
effects of the free radicals on the immune system. Ex-
ogenous antioxidants like vitamin C, vitamin E, β-
carotenes, phytonutrients function interactively and 
synergistically with the endogenous antioxidant system 
to neutralize free radicals and preserve normal func-
tion. However, impairment due to conditions like 
chronic inflammation, infections; exposure to aller-
gens; and exposure to drugs or toxins such as cigarette 
smoke, pollution, pesticides, and insecticides may sub-
sequently cause overutilization of endogenous antioxi-
dants thus rendering the immune system vulnerable to 
free radical-induced oxidative stress leading to prema-

ture immunosenescence (Gate, et al.,1999; Knight, 
2000; Sies, 1997 ;Archer, 1978; Fang, et al., 2002). 
Keeping this in view, pyrogallol was selected as a tool 
for screening immunomodulants since it is a known to 
impair the immune responses by inducing oxidative 
stress. 

Pyrogallol at a dose of 50mg/kg i.p. significantly im-
paired the humoral immune response, cellular immune 
response and non-specific immune responses including 
phagocytosis, neutrophil adhesion index and hemato-
logical parameters, as compared to the control group. 
These results indicate that immunosuppression was 
significantly induced. This ability of pyrogallol to induce 
immunosuppression is attributed to its ability to in-
crease the oxidative stress by generating superoxide 
radicals and increasing lipid peroxidation through its 
effect on iron release from ferritin via Fenton or Haber 
Weiss reaction (Joharapurkar, et al., 1994).  

Antibody titre determination is based on the principle 
of agglutination reaction which is based on the ability 
of antibodies to cross link particle such as erythrocyte; 
bacterium or inert particle, coated with antigens to 
form clearly visible aggregates or agglutinates. Table 1 
represents observations of primary and secondary hu-
moral immune responses (antibody titer), cellular im-
mune response (% increase in paw volume) and % pha-
gocytosis. The test and standard groups were com-

Table 1: Effect of L. vulgaris on the immune responses of the rats 

Groups 

Specific immune responses 
Non specific immune  

responses 

Humoral (Antibody titer) Cellular 
% Phagocytosis 

Primary Secondary % Increase in paw volume 

Control 6.5 ± 0.22 8.67 ± 0.21 10.23 ± 1.11 80.4 ± 1.03 

Negative control 3.33 ± 0.21 6.33 ± 0.21 2.70 ± 1.21 54.5 ± 1.30 

Test 6.0 ± 0.0* 8.67 ± 0.21** 21.48 ± 3.08** 90.2 ± 1.03** 

Standard 5.83 ± 0.16 9.5 ± 0.22** 12.09 ± 4.64 89.6 ± 0.79** 

Values are Mean ± SEM. *- P<0.01, **-P<0.001. 

Table 2: Effect of L. vulgaris on the oxidative stress parameters in rats 

Group 
Lipid Peroxidation 

MMDA/gHb 
Reduced gluta-

thione μmol/gHb 
Superoxide dismu-

tase units/mg protein 
Catalase 

units/mg protein 

Control 100.3 ± 2.63 4.73 ± 0.11 27.93 ± 0.93 21.39 ± 1.33 

Negative control 132.2 ± 2.31 2.60 ± 0.21 17.36 ± 1.08 12.32 ± 0.49 

Test 116.9 ± 4.21* 3.07 ± 0.28 22.26 ± 0.72* 18.32 ± 0.77** 

Standard 114.2 ± 3.02** 3.66 ± 0.18* 24.63 ± 1.02** 18.70 ± 0.68** 

Values are Mean ± SEM. *- P<0.01, **-P<0.001. 

Table 3: Effect of L. vulgaris on the total leukocytes and differential leukocytes counts in rats 

Group 
Parameter 

Control Negative control Test Standard 

White Blood Cells 13500 ± 0.38 9933 ± 0.35 14417 ± 0.40** 13583 ± 0.41** 

Neutrophils 25.33 ± 0.39 17.0 ± 0.45 27.2 ± 0.55* 23.3 ± 0.51 

Eosinophils 2.33 ± 1.05 1.50 ± 0.22 0.67 ± 0.33 0.67 ± 0.22 

Lymphocytes 70 ± 4.29 66.2 ± 4.9 70.8 ± 5.76 74.8 ± 4.9 

Monocytes 1.67 ± 0.33 1.0 ± 0.26 1.33 ± 0.22 1.33 ± 0.22 

Values are Mean ± SEM. **-P<0.001. 
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pared against negative control. The primary humoral 
response of test group showed a significant increase 
(6.0 ± 0.0*) compared to the negative control (3.33 ± 
0.21) whereas standard group showed considerable 
increase (5.83 ± 0.16). Both test juice (8.67 ± 0.21**) 
and standard (9.5 ± 0.22**) showed highly significant 
increase in the secondary humoral response. Test juice 
displayed an equivalent response to the control in spite 
of receiving pyrogallol which clearly indicates that the 
test juice stimulated immune response; especially sec-
ondary immune response implying that it enhanced 
the production of memory clones responsible for the 
increased secondary antibody titre. As far as cellular 
immune response was concerned, test juice showed 
highly significant rise (21.48 ± 3.08**) compared to the 
negative control (2.70 ± 1.21) while the standard group 
showed an insignificant increase (12.09 ± 4.64). Both 
test juice (90.2 ± 1.03**) and standard (89.6 ± 0.79**) 
showed highly significant increase in % phagocytosis 
indicating potentiation of nonspecific immunity. 

Table 2 indicates effect of fresh juice of L. vulgaris on 
various oxidative stress parameters, viz. lipid peroxida-
tion, reduced glutathione, superoxide dismutase and 
catalase. Lipid peroxidation is a self-propagation reac-
tion that leads to generation of lipid radicals and lipid 
peroxides. During lipid oxidation, malonaldehyde 
(product of oxidation) can react with the free amino 
group of proteins, phospholipids, and nucleic acids 
damaging their structures and functions (Stocks and 
Dormandy, 1971). The test group showed significant 
protection (116.9 ± 4.21*) whereas the standard group 
showed highly significant protection (114.2 ± 3.02**) 
against lipid peroxidation induced by pyrogallol. Re-
duced glutathione which is a protective thiol, de-
creased due to administration of pyrogallol as indi-
cated by the negative control group. Animals adminis-
tered with Immunocin showed significant improve-
ment (3.66 ± 0.18*) in the levels of glutathione whe-
reas the test juice (3.07 ± 0.28) displayed a trivial in-
crease.  

Superoxide dismutase is present in cell cytoplasm 
(copper-zinc enzyme) and in mitochondria (manganese 
enzyme) in order to maintain a low concentration of 
superoxide anion. It catalyzes the dismutation of su-
peroxide anion into oxygen and hydrogen peroxide. 
There was a significant increase by test juice (22.26 ± 
0.72*) and highly significant rise by Immunocin (24.63 
± 1.02**) in the reduced levels of SOD.  

Catalase present in peroxisomes is a heme protein that 
catalyses the detoxification of hydrogen peroxide. 
There was a highly significant increase in the levels of 
catalase in both test (18.32 ± 0.77**) and standard 
(18.70 ± 0.68**) groups compared to the negative con-
trol (12.32 ± 0.49). 

Table 3 indicates effect of fresh juice of L. vulgaris on 
haematological parameters viz. total leukocytes count, 
neutrophils, eosinophils, lymphocytes and monocytes. 

The test juice (14417 ± 0.40**)
 
and standard (13583 ± 

0.41**) significantly increased the total number of leu-
kocytes compared to the negative control (9933 ± 
0.35). There was a significant rise in the neutrophil 
count by the test group (27.2 ± 0.55*) compared to the 
control (25.33 ± 0.39) as well as the negative control 
group (17.0 ± 0.45). The test and standard group 
showed a marginal rise in the lymphocyte and mono-
cyte count although not significant.  

CONCLUSION 

It is evident from the above studies that juice of L. vul-
garis has in vivo antioxidant potential thereby confirm-
ing the in vitro observations made so far. It is also very 
clear that the juice has both specific and non specific 
immunity modulating ability comparable to the mar-
keted polyherbal formulation. Although the results 
from this work are quite promising for the use of 
L.vulgaris juice as a antioxidant and immunomodulato-
ry agent, more clinical trials should be conducted to 
support its therapeutic use. It is also important to rec-
ognize that L.vulgaris may be effective not only on iso-
lation, but may actually have a modulating effect when 
given along with other herbs or synthetic drugs in im-
munodeficiency diseases, cancer, viral, bacterial and 
fungal infections.  
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