
INTRODUCTION

Pancreatic cancer (PanC) has proven to be one of the most 
fatal malignancies known to humankind in the past few 
decades [1]. With the lowest 5-year survival rate of ~10% 
among all cancers, it accounts for ~3% of all cancer incidence 
and ~7% of all cancer deaths [2]; it has the highest mortality 
rate among all primary cancers. According to the American 
Cancer Society, in 2021, ~60,000 Americans would be diag-
nosed with PanC, and there would be ~48,000 deaths due to 
this malignancy [2]. The aggressive nature of PanC can be 
attributed to the poor prognosis and the asymptomatic and 
brisk progression to advanced stages [1]. Multiple risk factors 

are associated with PanC such as obesity, diabetes, chronic 
pancreatitis, cigarette smoking, family history, and alcohol 
consumption [3]. The primary curative option of surgical re-
section is precluded in most patients of PanC because of its 
tricky location and clinical diagnosis in advanced stages [1]. 
Apart from surgery, chemotherapy is another option for treat-
ing PanC. However, recent research has shown that PanC 
presents an exceptional resistance to available chemothera-
peutic drugs such as gemcitabine. Also, treatment regimens 
involving chemotherapeutic drugs are often associated with 
many side effects and poor overall survival [4-6]. Therefore, 
there is an imminent need to establish better strategies that 
overcome drug resistance and target the molecular pathways 
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driving PanC progression with minimal toxicity to the normal 
cells.
 In this regard, over the past few decades, several research 
groups have focused on elucidating the potential of natural 
dietary/non-dietary products as anti-cancer agents with min-
imal toxicity to healthy cells [7]. Many of these natural prod-
ucts have shown remarkable anti-cancer potential in cancers 
of different origins, including PanC [6,8]. These products 
have been reported to exert anti-cancer efficacy via various 
mechanisms such as scavenging free radicals, suppressing 
growth and proliferation of malignant cells, and modulating 
expression levels of downstream oncogenes, tumor-suppres-
sor genes, kinases, transcriptional factors, cyclins, caspases, 
and cancer stem cells [9-11].
 Accordingly, in recent years, our laboratory has focused on 
investigating the efficacy of bitter melon juice (BMJ) on the 
preventive intervention of PanC [5,12-14]. Bitter melon fruit 
(Momordica charantia) is a vegetable widely consumed in 
Asia, Africa, and South America [15]. Bitter melon has been 
known to have several uses beyond the culinary realm as 
it has been widely used as a folk medicine, primarily as a 
remedy for diabetes [16]. BMJ/extracts have been studied 
for their anti-bacterial, anti-inflammatory, antioxidant, anti-vi-
ral, immunomodulatory, and anti-cancer activities [12,17]. 
Our published research has shown that BMJ exhibits strong 
anti-cancer efficacy against PanC in in vitro and tumor xe-
nograft models [5,14]. We have also demonstrated that BMJ 
could reverse gemcitabine resistance in PanC patient-de-
rived xenograft tumors [5,13]. The major limitations of the 
above studies, however, are that the comparative effects of 
different bitter melon varieties have not been investigated. 
This has important implications, given that several bitter mel-
on cultivars are geographically available but their differential 
effects are not known, and that on a global level, individuals 
could consume different bitter melon varieties sourced from 
different cultivars for anti-PanC benefits. Considering these 
shortcomings, the present pilot study aims to address this 
lacuna in the current literature; thus, comparative pre-clinical 
anti-PanC studies have been conducted using the two most 
widely consumed but geographically different bitter melon va-
rieties (Chinese and Indian variants).

MATERIALS AND METHODS

Cell lines and reagents
Human pancreatic adenocarcinoma cells PANC-1 were 
purchased from ATCC (Manassas, VA, USA). PANC-1 cells 
were grown under standard culture conditions (37°C, 95% 
humidified air, and 5% CO2) in RPMI-1640 medium and sup-
plemented with 10% FBS and 1% Penicillin-Streptomycin 
from Thermo Fisher Scientific (Waltham, MA, USA). Human 
umbilical vein endothelial cells (HUVECs) were purchased 
from Lonza (Walkersville, MD, USA) and cultured in EBM-2 
(endothelial cell growth basal medium 2) supplemented with 

endothelial cell growth medium 2 (EGM-2) Bullet kit under 
standard culture conditions. Antibody for Ki-67 (#ab16667) 
was from Abcam (Cambridge, MA, USA). The cleaved 
caspase 3 (Asp175) (#9661) antibody was from Cell Signal-
ing Technology (Beverly, MA, USA), and the antibody for clus-
ter of differentiation 31 (CD-31) (#sc-376764) was purchased 
from Santa Cruz Biotechnology (Dallas, TX, USA). Phenol 
red and LDEV-free Matrigel (#356237) were obtained from 
Corning Life Sciences (Corning, NY, USA), and 0.4% trypan 
blue dye (#15250061) was from Thermo Fisher Scientific.

Cultivar sources of bitter melon preparations
Chinese variety of bitter melon fruit (light green, smooth with 
longitudinal ridges) was sourced from a local grocery store; 
bitter melon was deseeded and juiced using a juicer. BMJ 
was centrifuged at 3,000 ×g for 30 minutes at 4°C. There-
after, BMJ was vacuum filtered using a 0.22-μm filter and 
aliquoted in vials for batch lyophilization using a Lyostar3 
lyophilizer system (SP Scientific, Ulster County, NY, USA). 
All the steps for BMJ preparation are well standardized and 
described previously [18]. Indian variety of bitter melon fruit 
(dark green, pebbly rough ridges) was sourced from Bio-gen 
Extracts Pvt. Ltd (Bangalore, India) as aqueous-methanolic 
extracts (bitter melon extract [BME]) of the bitter melon fruit. 
The BME preparations varied in their concentration of bitters 
(5%, 10%, and 15% of bitters: saponins such as Charan-
tin and are hereafter referred to as BME-P1, BME-P2, and 
BME-P3, respectively. All the preparations (BMJ and BME-
P1-P3) were subjected to in-house developed and standard-
ized LC/MS-MS chemical analysis as detailed by us earlier 
[14]. 

Cell growth and death assay
PANC-1 cells were seeded for 24 hours and then treated 
with varying concentrations of BMJ (2% and 4%, v/v) or BME 
(2%, 4%, and 6%, v/v) concentrations. For control groups, 
cells were treated with dimethyl sulfoxide (DMSO) (< 0.1%). 
The trypan blue assay was performed after 48 and 72 hours 
to assess the effect of BMJ or BME on cell viability. HUVECs 
were seeded for 24 hours and treated with 0.5% to 2% v/
v BMJ or BME. After 24 hours of treatment, cell viability was 
determined using the trypan blue dye exclusion assay on 
HUVEC and PANC-1 cells as described earlier [19].

Endothelial cell capillary-like tube formation 
assay
Phenol-red and LDEV-free Matrigel were added in a pre-
chilled 24 well plate (150 μL/well) and allowed to polymerize 
for 1 hour at 37°C. HUVECs (4 × 104 cells per well) in com-
plete EBM-2 medium (EBM-2 Basal medium supplemented 
with EGM-2 Bullet kit) were simultaneously seeded with vary-
ing concentrations of BMJ or BME (concentrations non-toxic 
to cells: 0.25% and 0.5% v/v). After 3 hours of incubation, 
generation/disruption of formed tubular structures was exam-



268 J Cancer Prev 26(4):266-276, December 30, 2021

Kandhari et al. 

ined as a function of time and photographed at different time 
intervals captured using Axiocam 105 color digital camera 
fitted on a Zeiss (Carl Zeiss, Oberkochen, Germany) inverted 
microscope. Angiogenesis analyzer plugin of ImageJ soft-
ware (National Institute of Health, Bethesda, MD, USA) was 
used to quantify different parameters that define the degree 
of tube formation at 9 hours.

PANC-1 tumor xenograft study
All animal experiments were performed at the animal house 
facility of the University of Colorado-Anschutz Medical Cam-
pus, and the protocols were approved by the Institutional 
Animal Care and Use Committee (No. IACUC 0074). Female 
athymic nude mice [Crl:NU(NCr)-Foxn1nu] mice (n = 35) 
were purchased from Charles River Laboratories (Wilming-
ton, MA, USA) and housed at the animal facility for a week for 
acclimatization. At ~6 weeks of age, about 2 × 106 PANC-1 
cells suspended in 50 μL of serum-free DMEM media, mixed 
with 50 μL of Matrigel were injected subcutaneously into the 
right flank of each mouse. Mice (n = 7 per group) were initiat-
ed on BMJ or BME treatment (oral gavage: 200 mg/kg in 100 
μL water). The BME mixture was sonicated for 5 minutes. 
For better dissolution, both BMJ and BME were prepared 
fresh daily prior to administration, and treatment was given 
5 days a week, 24 hours after cell injection, and continued 
till 58 days. Mice in the control group (n = 7) were gavaged 
with 100 μL water only. The tumor volume was first measured 
after 21 days following cell inoculation; afterward, tumor 
volumes were measured using digital calipers, and tumor 
volume were calculated using the formula 0.5236 L1 (L2)2, 
where L1 is the long axis and L2 is the short axis as described 
previously [20]. The body weights were determined twice a 
week. After termination of the experiment (day 58), mice were 
sacrificed by CO2 asphyxiation followed by exsanguination. 
Tumor tissues, liver, spleen, and pancreas were harvested 
from each mouse. All tissues were partly flash-frozen in liquid 
nitrogen and partly formalin-fixed for pathological analyses. 

Histological examination and 
Immunohistochemical analyses
Briefly, paraffin-embedded tissues were sectioned (5 μm) and 
subjected to routine processing for H&E and immunohisto-
chemistry (IHC) [21]. The histopathological examination of tis-
sues was done to examine the effect of BMJ or BME on the 
tissue morphology. Regarding IHC, positively stained cells 
for Ki-67 and cleaved caspase 3 were quantified by count-
ing brown-stained cells among the total number of cells at 5 
randomly selected high power fields (400×). Quantification of 
CD-31 microvessel density was done by counting the number 
of CD-31 positive microvessels in at least 5 high power fields 
(400×) for each sample. Representative pictures were taken 
at 400× magnification using an Olympus DP27 color camera 
fitted on an Olympus BX43F microscope (Olympus, Tokyo, 
Japan).

Statistical analyses
Statistical analysis was done using GraphPad Prism (ver-
sion 8.4, GraphPad Software Inc., San Diego, CA, USA) 
and SigmaStat (version 3.5, Jandel Scientific Software, San 
Jose, CA, USA). Statistical significance between control and 
treatment groups was determined using unpaired t-test or 
one way-ANOVA followed by Tukey’s test for multiple com-
parisons. P ≤ 0.05 was considered significant. Data were 
presented as mean ± SEM.

RESULTS

Comparative in vitro efficacy of Chinese and 
Indian cultivars of bitter melon against PANC-1 
cells
Trypan blue dye exclusion assay was used to assess the 
comparative effect of BMJ and BME on the viability of PANC-
1 cells. Results revealed that both BMJ and BME decreased 
the total cell number in a time and a dose-dependent man-
ners at 48 and 72 hours. Treatment with 2% and 4% v/v BMJ 
decreased the total number of PANC-1 cells by ~49% (P ≤ 
0.001) and ~90% (P ≤ 0.001), respectively at 72 hours. BMJ 
at 2% and 4% v/v concentrations also increased cell death in 
PANC-1 cells by ~1.4 and ~13 folds (P ≤ 0.001), respectively 
at 72 hours (Fig. 1A); cell death with a higher concentration 
(4% v/v BMJ) was time-dependent. BME treatment also 
resulted in a decrease in the total number of PANC-1 cells. 
Specifically, BME-P1 (2%, 4%, and 6% v/v) decreased the 
total number of PANC-1 cells by ~27% (P ≤ 0.01), ~54% (P ≤ 
0.001), and ~79% (P ≤ 0.001), respectively at 72 hours (Fig. 
1B); BME-P2 (2%, 4%, and 6% v/v) decreased the total cell 
number by ~33% (P ≤ 0.001), ~75% (P ≤ 0.001), and ~86% 
(P ≤ 0.001), respectively at 72 hours (Fig. 1C), and BME-P3 
(2%, 4%, and 6% v/v) decreased the total cell number by 
~12% (P ≤ 0.05), ~27% (P ≤ 0.01), and ~53% (P ≤ 0.001), re-
spectively at 72 hours (Fig. 1D). However, BME preparations 
were not able to induce strong cell death in PANC-1 cells 
when compared to BMJ. BME-P1 and BME-P2 increased 
cell death by ~2 fold (P ≤ 0.05) and ~2.5-fold (P ≤ 0.01) at 
the highest concentration of 6% v/v at 72 hours, respectively; 
however, BME-P3 was not able to induce any significant cell 
death in PANC-1 cells.

Comparative in vivo efficacy of Chinese and 
Indian cultivars of bitter melon against PANC-1 
tumor xenografts 
Next, we examined the in vivo efficacy of BMJ and BME 
against the growth of PANC-1 tumor xenografts in athymic 
nude mice. Results indicated that administration of BMJ and 
BME through oral gavage (at Remove hyphen = 200 mg/
kg body weight doses) caused a considerable time-depen-
dent inhibition of PANC-1 xenograft growth compared to the 
control. At the end of the experiment (day 58), the average 
tumor volume/mouse decreased from ~1,507 mm3 in the 
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control group to 322 mm3 (BMJ), 478 mm3 (BME-P1), 440 
mm3 (BME-P2), and 453 mm3 (BME-P2) mm3 in the treat-
ment groups, respectively, which accounted for ~79% (P ≤ 
0.01), ~68% (P ≤ 0.05), ~71% (P ≤ 0.05), and ~70% (P ≤ 
0.05) decrease in tumor volumes, respectively (Fig. 2A). BMJ 
and BME treatments also reduced the tumor weights signifi-
cantly when compared to the controls. Specifically, the tumor 
weights were decreased by ~81%, P ≤ 0.01 (BMJ); ~68%, P 
≤ 0.05 (BME-P1); ~65%, P ≤ 0.05 (BME-P2); ~71%, P ≤ 0.01 
(BME-P3) treatment groups (Fig. 2B).

Comparative anti-proliferative and apoptotic 
effects of Chinese and Indian cultivars of bitter 
melon in PanC tumors
Next, IHC analysis was performed to examine the compara-

tive effect of BMJ and BME on the expression levels of prolif-
eration (Ki-67) and apoptosis (cleaved caspase 3) markers. 
The results indicated a significant decrease in the proliferative 
index (% positive Ki-67 cells) and an increase in the expres-
sion of cleaved caspase 3 in the treatment groups. The Ki-67 
positive cells decreased by ~45%, P ≤ 0.001 (BMJ); ~22%, P 
≤ 0.01 (BME-P1); ~35%, P ≤ 0.01 (BME-P2); ~31%, P ≤ 0.01 
(BME-P3). On the other hand, the percentage of apoptotic 
cells increased markedly in the treatment groups; there was 
a 2-4-fold increase in the expression of cleaved caspase-3 in 
the BMJ and BME treatment groups compared to the control 
(**P < 0.01, ***P < 0.001) (Fig. 2C, 2D, and 2E).
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Figure 1. Treatment with bitter melon variants (BMJ and BME) decreases the cell viability of human pancreatic cancer PANC1 cells. PANC-
1 cells were treated with dimethyl sulfoxide (DMSO) (control) or different concentrations of BMJ (2% and 4% v/v) or BME (2%, 4% and 6% v/v) and 
processed as mentioned in the materials and methods. The trypan blue dye exclusion assay showing a decrease in total cell number and an increase 
in percent cell death at 48 and 72 hours by (A) BMJ, (B) BME-P1, (C) BME-P2, and (D) BME-P3. Values are means ± SEM. BMJ, bitter melon juice; 
BME, bitter melon extract. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. In vivo efficacy of bitter melon variants (BMJ and BME feeding) against human pancreatic cancer PANC-1 tumor xenografts. 
(A) Growth curve depicting tumor volumes plotted as a function of time. (B) Bar graph representing the tumor volumes at the end of the experiment 
shows a significant decrease in tumor size in the treatment groups compared to control. (C) Representative images of H&E (tumor tissue sections) 
and IHC for Ki-67 and cleaved caspase-3. Quantitative analysis of IHC depicting the decrease in proliferation (D) and an increase in apoptosis (E) in 
BMJ and BME treated groups. For all the above experiments, mice were treated with 200 mg/kg BMJ or BME in 100 μL water (oral gavage). Control 
mice were oral gavaged with 100 μL of water only as described in the material and methods section. All pictures were taken at 400× magnification. 
Values are means ± SEM. BMJ, bitter melon juice; BME, bitter melon extract; IHC, Immunohistochemistry. *P < 0.05, **P < 0.01, ***P < 0.001.
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Comparative non-toxic effects of Chinese and 
Indian cultivars of bitter melon in non-target 
organs in pre-clinical PanC model 
During the course of the study (as well as study end) we 
also investigated whether BMJ or BME causes any body-
weight loss and gross morphological/ pathological changes 
in non-target organs after continuous oral dosing during the 
study period in the mouse model used in the tumor xenograft 
studies. Mice from control and treatment groups were moni-
tored during the experiment, and body weight was measured 
twice a week till the end of the study. Results revealed that 
BMJ and BME treatments did not induce any significant body 
weight changes (Fig. 3A). At the end of the study, during 
necropsy no abnormal organ size or gross morphological 
changes were observed in the organs; the liver of each ani-
mal was harvested and weighed. Results indicated that while 

BMJ and BME-P1 and -P2 treatments did not affect liver 
weights, BMP-P3 preparation increased liver weight (Fig. 
3B); however, there were no toxic effects or histopathological 
changes (H&E staining) observed in the hepatic tissues (Fig. 
3C). Also, no histopathological changes were observed in the 
spleen and pancreas tissues of BMJ and BME administered 
mice (Fig. 3C).

Comparative anti-angiogenic effects of Chinese 
and Indian cultivars of bitter melon 
Next, to determine whether the anti-tumor effects of BMJ and 
BME were associated with differential effects of the BMJ and 
BME preparations on tumor angiogenesis, we performed in 
vitro assessments (tube-formation based angiogenesis as-
says) using HUVECs. Before proceeding to in vitro angiogen-
esis assessment assays, we first determined the non-toxic 
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concentrations of BMJ and BME to ensure that the anti-angio-
genic effects (if any) during the assays were not as a result of 
the effect on the viability of HUVECs. For this, the trypan blue 
assay was performed after treating the cells with BMJ and 
BME (at concentrations ranging from 0.5% to 2% v/v for 24 
hours) to determine the concentration that did not affect cell 
growth and are least toxic to HUVEC. Results revealed that a 
concentration of 0.5% v/v of BME-P1, -P2, and -P3 prepara-
tions did not cause a decrease in the total cell number of HU-
VECs and were unable to induce significant cell death at 24 
hours (Fig. 4). Though 0.5% v/v BMJ did not decrease total 
HUVEC numbers, there was an increase in cell death at this 
concentration; on repeat evaluation at a lower concentration 
of 0.25% v/v, BMJ did not cause cell death (data not shown). 
As such a concentration of 0.25% and 0.5% v/v of BMJ and 
BME preparations was used in the tube formation assays. 
The experiment was carried out for 24 hours to examine the 
effect of bitter melon on the HUVEC tube structure formation. 
Tubular structures were photographed at different time points 
ranging from 3 to 24 hours after seeding (Figure S1). We se-
lected early time points for these studies, where we observed 
the least cytotoxicity of bitter melon towards HUVEC. There-
fore, after 9 hours of BMJ/ BME treatments, photographs 
were quantified. As shown in Fig. 5A, both BMJ and BME 
were able to disrupt the HUVEC capillary tube formation on 
Matrigel. We also measured six different parameters that de-
fine capillary network formation using an angiogenesis ana-
lyzer from ImageJ. As shown in the bar diagram (Fig. 5B), the 
numbers of nodes, junctions, and segments, total segment 
length, total mesh area, and total tube length significantly 
decreased with BMJ and BME treatments at a concentration 

of 0.25% v/v (*P < 0.05, **P < 0.01, ***P < 0.001). The anti-
angiogenic effect was more pronounced in the BME treated 
groups when compared to BMJ treated group. Specifically, 
the nodes and junctions were decreased by ~57% (P ≤ 0.01) 
by BMJ, but by ~72% to 80% (P ≤ 0.001) by BME-P1 to P3. 
Similarly, the segments were decreased by ~61% (P ≤ 0.01) 
by BMJ, but by ~72% to 83% (P ≤ 0.01) by BME-P1 to P3. 
The decrease in all other parameters mentioned above was 
also more prominent in BME-treated cells in comparison to 
BMJ-treated cells suggesting a better anti-angiogenic poten-
tial of BME.
 To corroborate the in vitro anti-angiogenic results, we 
performed IHC for PECAM-1 (CD-31, a marker for angio-
genesis-microvessel formation) in the tumor tissues from the 
PANC-1 xenograft study. Results showed that in the tumor 
tissues from BMJ and BME-fed mice, there was a marked 
decrease in CD-31 positive scoring. Specifically, microvessel 
density was decreased by ~25%, P ≤ 0.05 (BMJ); ~54%, P 
≤ 0.001 (BME-P1); ~60%, P ≤ 0.001 (BME-P2); ~60%, P ≤ 
0.001 (BME-P3). Overall, the in vivo data also suggested that 
BME preparations were more effective in decreasing angio-
genesis compared to BMJ (though there was no difference 
between the inhibitory effect of different BME preparations). 

DISCUSSION

PanC is an aggressive cancer with a dismal 5-year survival 
rate. Apart from that, it has the highest mortality rate among 
all cancers [4]. Chemotherapeutic drugs, such as gemcit-
abine, have shown to be effective against PanC, but tumor 
cells readily develop resistance against such conventional cy-

Figure 4. Effect of bitter melon variants (BMJ and BME) on the viability of human umbilical vein epithelial cells (HUVECs). HUVECs were 
treated with dimethyl sulfoxide (DMSO) or different concentrations of BMJ or BME (0.5% to 2% v/v) and processed as mentioned in the materials 
and methods. The trypan blue dye exclusion assay at 24 hours with (A) BMJ, (B) BME-P1, (C) BME-P2, and (D) BME-P3. Values are means ± SEM. 
BMJ, bitter melon juice; BME, bitter melon extract. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 5. Anti-angiogenic effects of bitter melon variants (BMJ and BME). (A) Representative pictures demonstrate the in vitro tube formation 
on Matrigel at 9 hours; the formation of human umbilical vein epithelial cells (HUVECs) capillary-like structures in was inhibited by treatment with BMJ 
or BME (magnification: ×100). (B) Quantitative analysis of the capillary-like tube formation assay depicting total tube length, total mesh area, and 
total segment length (upper panel). Also shown are bar graphs for the number of nodes, number of junctions, and number of segments (lower panel) 
(magnification: ×400). (C) Representative pictures and qualitative analysis for immunohistochemical analysis of an angiogenic marker (CD-31) in 
PanC tumor xenografts. Values are means ± SEM. BMJ, bitter melon juice; BME, bitter melon extract; CD-31, cluster of differentiation 31. *P < 0.05, 
**P < 0.01, ***P < 0.001.
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totoxic therapies. This highlights the critical need to develop 
more effective non-toxic strategies against PanC. Recently, 
WHO reported that 80% of the world’s population still relies 
on traditional and folk medicine [17]. Epidemiological studies 
have shown that increased consumption of vegetables and 
fruits is directly linked to lower cancer cases [22]. Fruits and 
vegetables contain a plethora of non-nutritional chemicals 
with beneficial effects known as phytochemicals; these ben-
eficial effects include antioxidant, anti-inflammatory, anti-ath-
erosclerotic, lipid-lowering, immunomodulatory, and anti-can-
cer properties [23,24].
 Over the past few years, increasing scientific evidence has 
been shown that bitter melon has shown remarkable poten-
tial as an anti-cancer agent in several cancer models [12,17]. 
We have shown earlier that BMJ increased the AMP-activat-
ed kinase (AMPK) phosphorylation and caused apoptotic cell 
death in PanC cells [13]. We also demonstrated that BMJ tar-
gets glucose metabolism, lactate flux, and cancer stem cells 
to exert anti-cancer efficacy in PanC cells and xenografts 
[14,20]. Although a lot of progresses were made in elucidating 
the underlying mechanism by which BMJ exerts its anti-can-
cer activity, in the present study, we attempted to investigate 
the comparative anti-cancer efficacy of different cultivars of 
bitter melon. Bitter melon fruit juice and aqueous-methanolic 
extracts from the Chinese (BMJ) and Indian cultivars (BME) 
were used in the study to determine their anti-cancer efficacy  
in both in vitro and xenograft tumor assays. 
 Cancer is defined as a disease with uncontrolled cell divi-
sion, and the drug that halts this property potentially possess 
anti-cancer activity [25]. Our findings indicated that both BMJ 
and BME preparations restricted cell growth and caused 
apoptotic death of PANC-1 PanC cells. Interestingly, 4% v/v 
of BMJ (Chinese cultivar) induced significantly higher PANC-
1 cell death compared to the higher concentrations of the 
Indian cultivar.
 Further, our study demonstrated that both Chinese and In-
dian bitter melon preparations caused a significant decrease 
in PANC-1 tumor volume and weight with almost equivalent 
anti-PanC efficacy. Importantly, it was noted that varying con-
centrations of bitters (5%, 10%, and 15% of bitters: saponins 
such as Charantin) had no differential impact on the anti-can-
cer efficacy.
 Since limitless proliferation and evasion of apoptosis are 
two of the several hallmarks of cancer [26], therefore, IHC 
analysis was performed to assess the effect of BMJ/BME 
in modulating the expression of Ki-67 (proliferation marker) 
and cleaved caspase 3 (apoptotic marker). Results revealed 
that both cultivars of bitter melon (BMJ and BME) decreased 
Ki-67 staining and/or increased the percentage of cleaved 
caspase-3 positive cells. Additionally, both cultivars of bitter 
melon showed a comparable good safety profile ( no toxic 
effect on non-target organs), which is in concurrence with 
previously published data in human subjects [27-29].
 The tumor microenvironment is characterized by complex 

interaction between the malignant and non-malignant cellular 
and extracellular components; of these, the endothelial cells 
are recognized as one of those critical elements in the tumor 
microenvironment. Pathological angiogenesis is a hallmark 
of cancer, and endothelial cells present in the tumor micro-
environment are required for vascular tumor growth [30]. 
Thus, endothelial cells play a vital role in cancer progression 
by controlling angiogenesis. Therefore, targeting endothelial 
cells could restrict pathological angiogenesis and be essential 
in preventing and treating cancers. 
 Our results demonstrated that both BMJ and BME prepa-
rations have the potential to inhibit tube formation of HUVEC 
cells (inhibited the capillary tube formation); the anti-angio-
genic effects were also evident (microvessel density de-
creased significantly) in tumors of BMJ- and BME-fed mice. 
Notably, BME preparations showed a better anti-angiogenic 
potential when compared to BMJ. Overall, our findings sug-
gested that both BMJ (Chinese cultivar) and BME (Indian 
cultivar) exhibit promising anti-cancer and anti-angiogenic ef-
ficacy against the PanC. However, further studies are needed 
to understand why there is a difference between the efficacy 
of BMJ and BME in PanC, and that if the difference between 
the functional components of the two cultivars is playing a 
role in exhibiting different anti-cancer efficacy.
 In conclusion, the central findings of this study demonstrate 
that bitter melon preparations from geographically distinct 
cultivars of bitter melon, the most commonly consumed Chi-
nese variant (BMJ) and the Indian variant (BME), possess 

Figure 6. Comparative anticancer efficacy of bitter melon variants 
(BMJ and BME) in pancreatic cancer. Bitter melon restricts cell 
growth and induces cell death in PANC-1 cells. Bitter melon decreases 
tumor cell proliferation, induces apoptosis, and inhibits angiogenesis. 
BMJ, bitter melon juice; BME, bitter melon extract.
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comparable efficacy against PanC growth and progression. 
Specifically, these preparations have the potential: (a) to 
inhibit PanC cell proliferation and to induce cell death; (b) to 
suppress PanC tumor growth and proliferation, and to induce 
apoptosis; (c) to restrict capillary tube formation in HUVECs, 
and decrease angiogenesis in PanC tumor xenografts (Fig. 
6). Thus, given the comparable pre-clinical anti-PanC efficacy 
of bitter melon cultivars, the geographical non-availability of 
a certain cultivar should not be a limiting factor in selecting a 
variant for moving forward for future clinical use/ clinical trials 
either as a preventive or a therapeutic alternative for targeting 
PanC. 
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