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ABSTRACT
Lagenaria siceraria (Bottle gourd) was described in ancient Indian text ayurveda for varied health
benefits. We have previously reported that the crude latex sap from L. siceraria with potent lectin
activity significantly regresses the tumor progression by targeting angiogenesis and inducing cell
death. In this present investigation the
the semipurified latex lectins from L. siceraria latex were
investigated for antiproliferative activity in mice models. The L. siceraria latex sap agglutinin (LSA)
were isolated by ammonium sulphate precipitation. LSA agglutinated trypsinizeed chick and hum
human
erythrocytes irrespective of blood type. Heamagglutination was inhibited by glycoproteins comprising
of complex oligosaccharides and not with simple carbohydrates. LSA exerted significant cytotoxicity
towards murine DLA cells in-vitro. Further the in-vivo anti-proliferative
proliferative of LSA elucidated a clear
regression of Dalton’s lymphoma ascites tumor in mice. Hispathological and immunohistochemistry
studies inferred LSA abrogated microvessel density (MVD) leading to the tumor inhibition and
prolonged survival. This is further evident from the decreased VEGF levels in ascites. In conclusion,
this study reports that the semipurified LSA exerts potent antiproliferative activity activity targeting
tumor angiogenesis. This investigation highlighting the bioactivity of semipurified LSA for the first
time, has potential therapeutic implications for malignant pathologies.
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INTRODUCTION
Malignant neoplasia is highly deleterious pathology based on
multiple etiologies, multiple cell targets, and distinct
developmental stages, which contributes to enhanced disease
complexity and therapeutic outcome (Hanahan and Weinberg,
2000). This pathological perplexity has tugged the continuing
demand for development of novel antiproliferative drugs, drug
combinations, and chemotherapy strategies by methodical and
scientific exploration of enormous pool of synthetic,
biological, and natural products (Wang et al.,
., 2008).
*Corresponding author: Prabhakar B.T.
Molecular Biomedicine Laboratory, Postgraduate Department of Studies and
Research in Biotechnology, Sahyadri Science College (Autonomous),
Kuvempu University, Shivamogga-577203,
577203, Karnataka, India.

However, due to the severe side
side-effects of conventional
chemotherapies, considerable attention has been drawn in
identifying plant based medicines, particularly those included
in our diet, which are more compatible to interfere with
carcinogenic or mutagenic processes (Jedrychowski et al.,
2009, Nagendraprabhu et al
al., 2011). Of particular note
substantiative to this, over 50% of anticancer drugs approved
by United States Food and Drug Administration since 1960
were originated from natural resources, especially from
terrestrial plants (Wang et al.,., 2008). Lectins, the diverse class
of carbohydrate binding proteins are extensively dispersed in
nature with an ample amount in plants. Plant lectins possess
analogous
ogous biological activities and chemical properties. They
originate in vegetative organs like roots, leaves, rhizomes,
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bulbs, tubers, corms, stems, bark, flowers, fruits, phloem sap,
latex, and nectar (Peumans & Van Damme, 1995, Hivrale &
Ingale, 2013). Among this, plant latex, exudates and resins
contain various secondary metabolites and proteins, often in
concentrations that are much higher than other parts (Agrawal
& Konno, 2009). Recent evidences indicate that the latex of
most species contains a diversity of biologically active lectins
having pharmacological attribute. Specifically, in recent years,
a great number of lectins with in vivo and in vitro
antiproliferative properties against cancer cells have been
isolated and characterized (Glaucia et al., 2012). Thus there is
an increased tendency to use the latex lectins in combating
cancer due to the cytotoxic-, apoptosis- and autophagyinducing efficacy (Liu et al., 2010). Lagenaria siceraria fruit,
popularly known as Bottle gourd is mentioned in ancient
Indian texts like ayurveda for its varied health benefits
including cardioprotective, cardiotonic and diuretic properties
(Sayyed et al., 2010). Bottle gourd belongs to the
Cucurbitaceae family which has nearly 100 genera and over
750 species (Puri et al., 2011). Our group has recently reported
that the latex sap from the “Old world plant” Lagenaria
siceraria
with
potent
lectins
activity
displaying
immunostimulatory
characteristics
with
significant
antiproliferative activity targeting angiogenesis and apoptosis
(Vigneshwaran et al., 2016). In this present investigation we
for the first time, sought to investigate the in-vivo
antiproliferative actity of the partially isolated latex agglutinins
targeting the tumor associated angiogenesis and MVD.

MATERIALS AND METHODS
Chemicals and reagents
Ficoll histopaque, Fetuin, Anti-VEGF were obtained from
Sigma–Aldrich, USA. DMEM medium, antibiotic-antimicotic
solution, Fetal Bovine Serum (FBS) from Invitrogen, USA.
Anti CD-31 antibody, Immunostaining kit from Leica
Biosystems, Germany. Ovalbumin, thiobarbituric acid (TBA),
ammonium sulphate and all the carbohydrates were from
HiMedia Laboratories, India. Cell culture plastic wares were
from eppendorf. All other chemicals used in this experiment
were of analytical grade. Protein marker is from New England
Biolabs. Photographs were taken using Canon power shot
Sx500 IS camera. Bottle gourd was procured from the local
farm in Shivamogga, Karnataka.
Partial isolation of Lagenaria siceraria Latex agglutinins
(LSA)
Preparation of Lagenaria siceraria Latex buffer extracts
Lagenaria siceraria latex extracts were collected as per our
previous reports (Vigneshwaran et al., 2016). Briefly, the fresh
latex was collected by making a multiple orifice in the epicarp
of the fruit using a sterile needle. The oozed out latex sap was
mixed with 10 mM PBS (pH- 7.4) in the proportion of 1:10
(10%, v/v) and immediately kept in the magnetic stirrer at 4°C
to avoid coagulation. After homogenizing for 2-3 h, the
suspension was centrifuged at 3000 rpm, 4°C for 15 min to
remove debris or the coagulated substances.
Ammonium Sulphate Precipitation and Dialysis
The processed clear latex extract was treated with ammonium
sulfate at 20% saturation at 4ºC. The resultant precipitate was

collected by centrifugation at 3000 rpm for 30 min. The pellet
was resuspended in 10 mM PBS pH 7.2 containing 0.9% NaCl.
The protein sample with heamagglutinating activity was
desalted and concentrated using a 10 kDa cutoff dialysis
membrane. Dialysis was performed against PBS at 4ºC. The
resulting sample was assayed for protein content, extent of
homogeneity and haemagglutination activity. The obtained
clear protein solution (LSA - Lagenaria siceraria latex sap
Agglutinin) was used for all the further experiments.
SDS-PAGE
Crude Lagenaria siceraria latex extracts and precipitated LSA
samples were electrophoresed under reducing 12% SDS-PAGE
analysis, using Bio-Rad mini electrophoresis unit. The gels
were then subjected to Coomassie brilliant blue and silver
staining in accordance with standard protocols. Post protein
band visualization the gels were documented using Bio-Rad
Gel DocumentationTM XR + Imaging system. Bradford assay
was used to determine the protein concentration.
Heamagglutination assay (HA) and HA inhibition assay
Heamagglutination (HA) and HA inhibition test were done as
per the methods described earlier (Pramod et al., 2015).
Briefly, a 2% suspension of trypsinized RBC’s human (Type
A, B, AB & O) and Chicken (0.2 ml) was added to an equal
volume of serially diluted protein solution in an agglutination
plate, gently mixed and incubated at 37°C for 1 h to visualize
the agglutination. Peripheral venous blood was obtained after
the informed consent from all healthy human participants in
the age range of 20-30 years. HA inhibition tests was
performed by preincubating LSA with serially diluted sugars
(Carbohydrates in 0.1 mL PBS). An equal volume of 2%
trypsin-treated chick erythrocyte suspension was then added to
the solution and the agglutination was visualized after 1 h;
Minimal concentration of sugars required to inhibit
agglutination was evaluated by their ability to completely
inhibit HA activity.
Leucoagglutination assay
Human peripheral blood lymphocytes (PBL’s) were separated
using Ficoll-Hypaque and density gradient centrifugation
(Vigneshwaran et al., 2016). Briefly, ten milliliters of
heparinized human venous blood was layered carefully on
Ficoll-Hypaque (density=1.077 g/ml) contained in polystyrene
tube. After centrifuging the tubes at 250 x g at 25°C for 20
min, below the plasma layer, the separated buffy coat
containing lymphocytes were aspirated, washed and resuspended in PBS. The cells were then added to an equal
volume of LSL extracts in an agglutination plate, gently mixed
and incubated at 37°C for 1 h and visualized under
microscope.
Cell culture and in-vitro treatment
Murine Dalton’s Ascites Lymphoma (DLA) cells was procured
from Indian Institute of Science (IISc), Bengaluru, India, DLA
was maintained in DMEM with 10% FBS in 5% CO2 at 37°C.
The antiproliferative potential of LSA (0, 3, 5, 10, 25, 50µg in
PBS) for 48 h was evaluated by cytotoxicity assays such as
MTT, trypan blue dye exclusion and LDH leak assay with an
appropriate vehicle and positive control (Al-Ghorbani et al.,
2015).
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MTT assay

Peritoneal microvessel density (MVD) assessement

The effect of DLA cell proliferation following the treatment
with LSA was examined by MTT assay, as described
previously (Al-Ghorbani et al., 2015). Cells treated with or
without LSA was incubated for 48 h. MTT reagent (5 mg/ml)
was added, and the change in color due to the proliferating
cells was evaluated. Concentration of LSA showing a 50%
reduction in cell viability (IC50) was assessed.

Peritoneal microvessel density was quantified by H&E staining
as described previously (Al-Ghorbani et al., 2015, Vijay Avin
et al., 2014a). Shortly, the formaldehyde-fixed peritoneum of
the control and treated were processed for H&E staining. Then
quantification of MVD was performed using light optical
microscopy in the areas of peritoneum containing the highest
number of capillaries.

Trypan blue dye exclusion assay
The effect of LSA on the viability of DLA cells were
investigated using trypan blue dye exclusion assay as per the
previous methods (Al-Ghorbani et al., 2015). DLA cells
treated with or without LSA were harvested and resuspended
in 0.4% trypan blue, and the viable cells were quantified using
a hemocytometer. The IC50 value was estimated after 48 h of
treatment.

Immunohistochemical (IHC) analysis
Immunostaining using anti-CD31 antibody was done to
evaluate MVD as per the manufacturer’s instructions. The
slides were observed in light microscope and the changes in
intensity of the antibody staining were evaluated (Thirusangu
et al., 2016a).
VEGF-ELISA

LDH leak assay
Lactate dehydrogenase (LDH) leak assay was performed to
assess LDH release following the treatment of DLA cells with
LSA after 48 h of incubation, as described previously (AlGhorbani et al., 2015). Briefly, the cells were lysed using 0.1%
Triton X-100 in PBS. The amount of LDH released in both the
culture media and the cell lysate was measured at 490 nm
using an ELISA reader (Robotronics, India). The percentage of
LDH release was calculated as LDH release in media/(LDH
release in media + intracellular LDH release) x 100.

The level of VEGF was estimated in ascites of DLA bearing
mice treated by ELISA as per described protocols (Thirusangu
et al., 2016b). On note, 100 μl of ascites from the control and
LSA treated were coated in a coating buffer at 4°C overnight.
Subsequently,
wells
were
incubated
with
antiVEGF165antibodies (Sigma Aldrich, USA), followed by
incubation with secondary antibodies tagged to alkaline
phosphatase. VEGF-A was quantified by measuring
absorbance at 405nm by using pNPP as substrate.
Statistical analysis

In-vivo Anti-tumor activity
Animal and ethical statement
Swiss albino mice aged 5-6 weeks, weighing 25-30 g were
housed under standard laboratory conditions and fed with
commercial rodent meal and water ad libitum
(Goudarshivananavar et al, 2014). All the animal
experimentations were approved by the Institutional Animal
Ethics Committee (IAEC), National College of Pharmacy,
Shimoga, India, in accordance with the Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) guidelines for laboratory animal facility
(NCP/IAEC/CL/101/05/2012-13).
Animal tumor development and treatment
DLA cells were cultured in vivo by intraperitoneal (i.p)
transplantation to develop ascites tumor as per our previous
published methods (Thirusangu et al., 2016a). After the
development of optimal tumor growth on 4th day, the mice
were divided into Group A and Group B (n=3/group). Three
doses of LSA were administered on alternative days which
were injected i.p. to Group A mice at a concentration of 20
mg/kg bodyweight. Group B was maintained as an appropriate
vehicle (10 mM PBS) control. The survivability of the animals
(n = 10 each) was determined separately.

Values were expressed as mean ± standard error (SEM).
Statistical significance was evaluated by one-way analysis of
variance (ANOVA) followed by Student’s t-test (*p < 0.05)
and (**p < 0.01).

RESULTS
Isolated Lagenaria siceraria latex agglutinin (LSA) displays
broad specific cell agglutinating activity
The agglutinating lectin fractions from Lagenaria siceraria
Latex was partially isolated using ammonium sulphate salt
precipitation technique. Reducing SDS PAGE analysis stained
with Coomassie brilliant blue and silver staining depicted
approximately ~80% homogeneity of the protein (Fig. 1A and
B). The molecular mass of the protein was found to be
apparently ~20 to 25 kDa (Fig. 1A and B). LSA was evaluated
for the heamagglutination activity which agglutinated chick
(Fig. 2A) and human erythrocytes irrespective of blood type
(Data not shown). Leucoagglutination assay displayed a clear
agglutination of the cells mediated by LSA in the microscopic
observation (Fig. 2B). The lowest concentration for LSA to
give a visible heamagglutination was found to be ~3 μg in
human RBC suspension. LSA heamagglutination was inhibited
by glycoproteins like fetuin and ovalbumin which indicates its
specificity for the complex oligosaccharides (Table 1).

Lipid Peroxidation assay

LSA inhibits cancer cell proliferation in-vitro

The effect of LSL in minimizing the tumor induced lipid
peroxidation was examined by measuring the Thiobarbituric
acid reactive substances (TBARS) in the control and treated
tumor bearing animals as per the previously described methods
(Vigneshwaran et al., 2016).

Antiproliferative efficacy of LSA was examined in DLA
cancer cells in-vitro using three independent cytotoxicity
assays systems as a preliminary screening. It is evident from
MTT assay that LSA inhibited the proliferative potency of
DLA cells at 7.5 µg/mL concentration (Fig. 3A). Similarly
trypan blue assay elucidated a similar inhibition of cell growth
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at 6.7 µg/ml concentration (Fig. 3A). Cellular integrity was
determined by the LDH lead assay post LSA treatment. Results
revealed that LSA increased the LDH release with IC50 value at
5.2 µg/ml in DLA cells (Fig. 3A).

the body weight index (Fig. 3B). The reduced tumorigenic
index was reflected in the decreased cell count (Fig. 3C).
Ascites secretion in the LSA treated was very neglible whereas
the control animal depicted abundant secretion (Fig. 3D).
Table 1. Heamagglutination Inhibition
S.No

Inhibitors

IC (μg)a or (mM)b

1.
Ovalbumin
12.5a
2.
Fetuin (from Bovine serum)
100a
3.
D-Glucose
N.I. (100)b
4.
D-Mannose
N.I. (100)b
5.
D-Galactose
N.I. (100)b
6.
D-Fructose
N.I. (100)b
7.
D-Sucrose
N.I. (100)b
a
Concentration of inhibitor required to inhibit heamagglutinating activity
in μg.
b
Concentration of inhibitor required to inhibit heamagglutinating activity
in mM.

Fig. 1. Partial purification of Lagenearia siceraria sap agglutinins
(LSA). Molecular mass determination of the partially purified
LSA by SDS-PAGE under reducing conditions. Gels stained with
Coomasie Brilliant Blue stain [A] and Silver stain [B]. Lane
Profile: M- Marker, 1- Crude Lagenaria siceraria latex extracts,
2- Ammonium sulphate precipitated (20%) LSA. Arrow mark at
lane 2 indicates partially purified protein band with apparent
mass ranging from ~20 kDa to 25 kDa. Load concentration for all
the samples: 20 μg/well. The gels were documented using Bio-Rad
Gel DocumentationTM XR + Imaging system. The results were
representative of three independent experiments

Fig. 2. Cell agglutinating activity of semipurified LSA.
Heamagglutinating and leucoagglutinating activity of the
partially isolated latex agglutinins were investigated. Erythrocytes
and leucocytes were isolated by the methods described in the
materials and methods section. [A] LSA potently agglutinates 2%
trypsinized human RBC’s in contrast to the control untreated
with separate RBC’s. Representative images are true colour
microscopic photographs at 40X optical resolution. [B] LSA
displays leucocyte agglutinating activity. Image depicts the cells
stained with crystal violet at 40X magnification. The results were
representative of three independent experiments.

LSA lectin exhibits potent antitumor effect on Dalton’s
lymphoma ascites tumor in-vivo
The in-vivo tumor models are the critical for the evaluation of
antiproliferative efficacy. The in-vivo antiproliferative
potential of LSA was investigated using a reliable murine DLA
tumor model. Results revealed that LSA exihibited a dose
dependant decrease in the tumor development as assessed by

The survival of untreated DLA bearing mice is maximum for
10 days, but LSA regimen has prolonged the survival duration
>33 days (Fig. 3E).
LSA suppresses malignancy
Microvessel Density (MVD)

mediated

peritoneal

DLA induced tumor neovasculature in mice peritoneal linings
were evaluated in response to the LSA treatment. The visual
observations of the peritoneum showed a drastic reduction of
the microvessels in the LSA treated (Fig. 4A). In contrast
control peritoneum displayed an enormous vasculature with
aberrant microvessels. Further the formalin fixed peritoneal
sections were subjected to histopathological evaluation using
H&E staining for the quantification of Microvessel density
(MVD). Results elucidated a prominent decrease in the MVD
and detectable vascular channels in the peritoneum sections of
the LSA treated mice with 13±1 Vessels/High Power Field
(V/HPF) whereas in untreated mice it was 34±5 V/HPF (Fig.
4B). This was further revalidated by CD31 immunostaining
which demonstrated a reduced vascular density with 14±2
V/HPF in LSA treated compared 40±3 V/HPF of control (Fig.
4C). LSA treatment significantly regressed the secreted VEGF
levels in ascites as measured through ELISA (Fig. 5A).
Biochemical assessment of liver enzyme after LSA treatment
showed decreased lipid peroxidation as evaluated by
measuring Thiobarbituric acid reactive substances (TBARS)
(Fig. 5B).

DISCUSSION
In early 1991, Liener reported that lectin from soybean
displayed potent antitumor activity which inhibited the growth
of a transplanted tumor in rats (Liener, 1991, Hivrale & Ingale,
2013). Since then subsequent years witnessed an explosive
growth in the use of lectins in biomedical and cancer research.
Apart from the potent cytotoxicity towards cancer cells, plant
lectins are also indicated for the reduction of treatmentassociated side-effects as adjuvant agents during chemotherapy
and radiotherapy in Europe for several years (Liu et al., 2010).
Our group has recently demonstrated that latex sap from
Lagenaria siceraria (bottle gourd) with potent lectin activity
regressed the proliferation of tumor cells targeting
angiogenesis (Vigneshwaran et al., 2016). In the present
investigation the partially purified agglutinating protein
fraction from the latex was subjected to antiproliferative
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studies in murine models associated with microvessel density.
Daltons Lymphoma Ascites (DLA) is the mice ascites tumor
model which is a commonly used cell line to study the
antiproliferative and antiangiogenic activity (Al-Ghorbani
et al., 2015, Thirusangu et al., 2016a & 2016b).

Ascitic fluid plays a crucial role in DLA and is a collection of
pleomorphic cells with hyperchromatic nuclei that are clumps
of malignant cells. Ascites is a direct nutritional supplement
that supports the tumor cell proliferation, so, inhibition
of ascites secretion is considered as an important strategy to

Fig. 3. LSA regresses the progression of malignant cells in-vitro and in-vivo. In-vitro antiproliferative assay was carried out by culturing DLA cells and
treating it with LSA (0-50 µg/ml). [A] Graphs demonstrating cytotoxicity of LSA as assessed by MTT, LDH leak and Trypan blue assay. In-vivo
antiproliferative property of LSA was investigated in Dalton’s lymphoma ascites (DLA) in mice tumor model. DLA cells (5x106 cells/mouse) were
injected intraperitoneally in Swiss albino mice to develop the ascites tumor. Treatment included three doses of LSA on alternative days, administered
in the concentration range of 20 mg/kg b.w. (i.p.) [B] Regressed tumorigenic index in the dose dependant manner indicative of the percentage
reduction in the tumor growth [C] contracted tumor cell population [D] and decrease in ascites secretion. All the parameters were evaluated in
comparison to the respective control tumor bearing animal. [E] Kaplan-Meier graph showing the prolonged life span of LSA treated animals. Results
are the means of three determinations, each conducted in triplicate. Statistically significant values are *p < 0.05; **p < 0.01

Fig. 4. LSA regresses tumor angiogenesis in-vivo. The inhibitory effect of LSA in the tumour induced angiogenesis was evaluated by neovasculature
dependant murine ascites models in mice, treated with LSA 20 mg/kg body weight i.p. [A] The peritoneum of mice showing the suppressed cross
sectional peritoneal vasculature and microvessel in the LSA treated. [B] Histopathological evaluation of the H&E stained peritoneum sections
showing the decreased vascular count [C] IHC studies of the peritoneal sections processed with anti-CD31 antibody depicting a hyper vascularization
(intensive brownish staining) in the control, whereas LSA treated exhibits repressed vasculature. H&E and IHC were captured using EVOS imaging
system, Life Technologies; under 20X bright field objective. Arrows indicate the extent of vascularization. The representative MVD counts were
provided adjacent to the every corresponding images. Results are the means of three independent experiments. Statistically significant values are *p <
0.05; **p < 0.01

It is a transplantable T-cell lymphoma of spontaneous origin,
characterized by highly invasive and immunosuppressive
property (Deepak et al., 2010). Our results indicate that LSA
significantly reduced the tumor progression which is evident
from the tumorigenic index and cell count (Fig. 3B and C).

regress the tumor proliferation. Ascites supports the tumor cell
proliferation and its secretion can lead to further aggravation of
disease (Thirusangu et al., 2016a & 2016b). In our study, LSA
treated mice showed significant reduction in the ascites
secretion which was evidently linked to the significant tumor
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inhibition in mice with prolonged survival (Fig. 3B-E).
Tumors require sustenance in the form of nutrients and oxygen
as well as an ability to evacuate metabolic wastes and carbon
dioxide. This is addressed by the tumor-associated
neovasculature, generated by the process of angiogenesis.

bearing animals (Fig. 5A). The level of VEGF will be high in
the secreted ascites of tumor bearing animals and it is
potentially liked to the tumour cell proliferation (Vijay Avin et
al, 2014c, Thirusangu et al, 2016a). Results henceforth
indicate that LSA has down regulated the level of VEGF which
inhibited the angiogenesis thereby halting the tumor growth.
Taking together the above results, the present study elucidated
the antiproliferative activity of the semipurified protein
fraction of the Lagenaria siceraria latex. LSA suppressed the
tumor cell expansion by targeting integral tumor parameters
like angiogenesis that is indispensable for the malignant
proliferation. These observations suggest the potential
therapeutic efficacy of the LSA in targeting neoplastic
diseases.
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