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Abstract. Cancer is one of the most important healthcare 
matters, with the worst prognosis but the best possibilities for 
scientific development. It is likely to increase in the future 
and cause global havoc designating it as an epidemic. Cancer 
development requires urgent intervention. Past few decades 
have witnessed extensive research to challenge carcinogenesis. 
Treatment involving synthetic discipline is often associated 
with severe adverse effects, or even worsened prognosis. 
Accordingly, newer economic and patient friendly molecules are 
warranted. Many natural substances have proved their potential 
so far. Cucurbitacin B against cancer and other diseases has 
achieved towering popularity among the researchers around 
the world, as detailed in the below sections with summarized 
tables. In line with the fascinating role of cucurbitacin B against 
various types of cancers, through various molecular signaling 
pathways, it is justifiable to propose cucurbitacin B as a main-
line chemotherapy before the onset and after the diagnosis of 
cancer.
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1. Cancer

Cancer is a syndrome of diseases wherein the cells upon 
aberrant mutations/environmental stresses witness either the 
activation of proto-oncogenes or the suppression of tumor 
suppressor proteins. Resultantly, they undergo uncontrolled 
infinite replication, lose their functional characteristics and 
exploit their physiological neighbors for nutrients and space. 
The process is often accompanied with malignant transfor-
mation and metastatic spread, EMT (1), especially when the 
availability of resources at a particular cancer niche shortens. 
Various mechanisms like autocrine and endocrine regulation 
of growth factors, platelet adhesion, quiescence, cytoskeleton 
rearrangements, cancer cell differentiation, micrometastasis, 
EMT, angiogenesis and niche formation determine the 
outcome. WHO data states that the global cancer burden is 
likely to rise to 22 million by 2030 (2), due to a variety of 
homeostatic insults. Cancer cells operate via various molecular 
mechanisms, popularly categorized as the cell signaling path-
ways. We provide an outline of the major tumor suppressor 
and oncogenic pathways, which regulate the process of human 
carcinogenesis.

Tumor suppressor p53 protein (Fig. 1) is known as the 
guardian of the genome (3-5). External or internal cellular 
injury to a normal cell activates the p53 tumor suppressor 
pathway. It directs the cell into growth arrest and apoptotic 
state via activation of several downstream effectors including 
growth arrest (p21WAF1 and others) and apoptosis (BAX, 
PUMA and others) inducing proteins. Retinoblastoma (RB) 
protein (Fig. 1) is coded by RB1 tumor suppressor gene (6-9). 
At the G1-S checkpoint, escalated cyclin D binds with CDK4 
leading to pRB phosphorylation, abrogation of pRB-E2F 
complexes and free E2F, which translocates to nucleus and 
activates genetic transcription via polymerase secretion, which 
is crucial for proliferation.

Wnt protein interacts with frizzled receptor extracellularly 
and deactivates β-catenin-destruction complex, which is 
made up of GSK3, Axin, CSK1α, PP2A and APC, coded by 
their respective genes (10). The complex binds to β-catenin 
present in the cytoplasm and degrades it via phosphorylation-
ubiquitination-proteasomal degradation. Mutations in any of 
them (ultimately resulting into cancer), most frequently in 
APC, result in faulty complex structure, which fails to bind 
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to and degrade β-catenin. Excess β-catenin translocates to 
the nucleus, binds with galectin-3, interacts with T-cell tran-
scription and lymphoid enhancing transcription factors, and 
promotes genes, which code for cyclin D protein essential for 
G1/S cell cycle transition. STAT3 is a latent transcriptional 
factor in the cytoplasm, which is regulated by JAK phosphory-
lation (Fig. 1) (11-18). It directly or indirectly upregulates genes 
associated with tumor proliferation and survival, and consti-
tutes an important intracellular signal transduction pathway in 
cancer, which regulates cancer cell growth and differentiation. 
Inactivation or de-phosphorylation of the protein forces cells 
to undergo growth arrest and apoptosis.

Cancer tissue is fast growing and evading, central mass 
of which often suffers hypoxia. Emergency mechanisms such 
as HIF signaling get activated, which trigger angiogenesis, 
metastatic spread of disease and resistance to chemotherapy. 
HIF-1 monomer is continuously transcribed and translated, 
and degraded via ubiquitin mediated proteasomal degrada-
tion under normoxic conditions. In hypoxic condition, this 
degradation is downregulated, resulting into accumulation of 
monomer. Accumulated monomers translocate to the nucleus 
and dimerize with HIF-1β to form a complex, which modu-
lates transcription and translation of the target genes. NF-κB 
proteins function as dimeric transcription factors and regulate 
the expression of genes influencing immunological, stress 
and inflammatory response  (19). NF-κB pathway proteins 
are normally bound to IκB and remain in an inactive state. 
Pro-inflammatory cytokines and other mitogens activate IKK 
complex (IKKβ-IKKα-NEMO), which phosphorylates IκB 

proteins for its ubiquitination and proteasomal degradation. 
Free and active NF-κB upon further phosphorylation, acetyla-
tion and glycosylation, translocate to nucleus to induce target 
gene expression.

Activated dimer of GFR phosphorylates RAS-GDP 
complex to RAF-GTP, which via series of downstream phos-
phorylation activates RAF kinase, MEK, MAP kinase and 
cMYC in cytosol and ELK1 in the nucleus (Fig. 1) (20). ELK1 
further activates cFOS transcription, which dimerize with 
cJUN. Activated cMYC and cJUN-cFOS complex triggers 
subsequent transcription, which are essential for DNA repli-
cation, such as cyclin D. Receptor tyrosine kinase activates 
PI3K, a complex of p85 and p110 proteins (21). Activated PI3K 
phosphorylates PIP2 into PIP3, which via PDK1 activation 
phosphorylates AKT. After downstream signaling involving 
TSC1/2, Rheb and mTORC1 it activates p70S6K and 4EBP1, 
which via estrogen receptor further translates to cell survival, 
growth, proliferation, differentiation, migration and metabo-
lism. Telomeres are specialized chromosome ends in the cells 
consisting of tightly held and repetitive (10-15 kb) TTAGGG 
sequence, and protein caps, which protect chromosomes from 
terminal fusion (22,23). Every time a normal cell divides a 
small portion of the telomeric end gets eroded of ~50-200 
base pairs until the bare chromosomal ends are left. At this 
stage, cell enters an irreversible and non-proliferative phase 
called replicative senescence. Most cancer cells acquire the 
ability to synthesize enzyme telomerase, which helps to regen-
erate telomeric ends. Autophagy is a conservation-indicated 
destructive process, wherein the non-functional or stressed 

Figure 1. Major cell signaling pathways contributing to cancer and modulation by cucurbitacin B. Upregulation (Ê) and downregulation ( ) of protein expression.
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cytoplasmic organelles and other constituents are delivered 
to lysosomes (24). Lysosome engulfs and digests the mate-
rial, and release energy and other important elements, which 
may be utilized in cellular metabolism. It is frequently found 
to take place as a response to cellular stress, but is skeptical 
as it may be either protective or discretely destructive. It is 
characterized by the appearance of large cytoplasmic vacu-
oles or vesicles with upregulation of ATG family proteins 
viz., LC3II/I, ULK1/2 and Beclin1. Stress stimuli, nutritional 
imbalance, hypoxia and other chemical mediators like ROS 
and insults to intracellular homeostasis may lead to induction 
of autophagy response.

Prevention of production of ROS or catabolic destruction of 
ROS is explicitly defined as the antioxidant mechanism. ROS 
are charged super-ions, continually generated and released in 
the cells, presenting with vacuolization in cytosol and reaction 
with biomolecules like cell organelles and genetic material to 
generate peroxides and malondehyde. These alter membrane 
potential and signal transduction, and may induce cell offing 
mechanisms like necrosis, apoptosis and autophagy. ROS gener-
ation increases as a result of environment insults like pollution, 
radiation and infestation. Prevention and control of cancer is 
one of the most expensive and least prolific healthcare invest-
ments, on top of which it is also burdened with toxic adverse 
effects associated with chemotherapy and radiotherapy. Use of 
natural medicines could not only lower the expenditure towards 
the disease extensively, but may also bring down the adverse 
effects rate in clinical patients. Holistic approach (consump-
tion of natural and related molecules in the ratio prepared by 
nature) for the treatment of cancer, could be adopted. Kaefer 
and Milner (25) enumerated a list of benefits if the treatment of 

the disease is mainly herbal, and their probable role in cancer. 
Many biologically active molecules from the herbal sources 
have been identified in the last few decades, which in experi-
ment have potential to prevent the disease, control its growth, 
and possibly eradicated it completely. Cucurbitacin B is one of 
the most extensively studied natural bioactives.

2. Cucurbitacin B

Cucurbitacins are chemically characterized by tetracyclic 
cucurbitane (triterpene hydrocarbon) nucleus skeleton 
19-(10"9β)-abeo-5α-lanostane base, varied by the positional 
substitution of an oxygen atom (Fig.  2)  (8,26). There are 
mainly 40 known species of cucurbitacins and their deriva-
tives, divided into 12 groups namely A, B, C, D, E, I, H, Q, R, 
dihydrocucurbitacin B (27). These are usually crystalline in 
nature, purgative, hydrophobic and easily soluble in organic 
solvents with absorption maxima for ultraviolet light ranging 
from 228 to 234 nm, having exceptions such as cucurbitacin H, 
which is usually an amorphous solid. Various studies have 
been conducted to examine the effects of these compounds in 
various cell lines in vitro and in vivo against different cancer 
subtypes (A/B/E/D/I/Q, lung; B/E/D/I/dihydrocucurbitacin B, 
breast, neurological, colon and hepatocellular; E/I, prostate; 
E, ovarian; D/dihydrocucurbitacin B, leukemia; D, lymphoma; 
Q, murine). Cucurbitacin B has been one of the most explored 
for its role in biological systems. Cucurbitacin B (C32H46O8, 
molecular weight 558.712 g/mol, 19-(10"9β)-abeo-10-lanost-
5-ene triterpene), found in the plants of cucurbitaceae and 
other plant families like Brassicaceae, is classified as a steroid 
with peculiar bitter taste and cytotoxic properties. Its bitterness 

Figure 2. Two-dimensional chemical molecular structures of cucurbitacins and cucurbitacin B and differences between various subtypes (141).
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could offer it protection against predators and parasites (28). It 
has previously been reported to be effective against various 
illnesses notably generalized inflammation and algesia, carbon 
chloride-induced hepatotoxicity and profound cholestasis, 
CD18-mediated disorders, infestation of insects, cell adhesion 
and leukemic disorders, immune mediated and angiogenic 
disorders (29-31). Dantas et al (32) analyzed few derivatives of 
cucurbitacin obtained from the seeds of Cayaponia racemosa 
for cytotoxic potential. Nearly all were lethal to brine shrimp 
and inhibited cancer cell proliferation. However, their toxicity 
did not reach the order to inhibit the biological development of 
sea urchin or mouse erythrocytic lysis. The authors credited 
this to the chemical structure of cucurbitacins, and postulated 
that such differences in toxicity profile could be attributed to 
the position of carbonyl group at carbon-11 and absence of a 
double bond between carbon-23 and carbon-24. In another 
study, authors isolated a chemical substitute of cucurbitacin B 
from the fruiting bodies of mushroom Leucopaxillus 
gentianeus, which differed from cucurbitacin B in lacking an 
oxygen substituent at carbon-16, and screened for antitumor 
toxicity with respect to chemical structure variation (30). This 
minute substitution might be responsible for its significant 
(~6-fold) antitumor profile. It has high affinity for glycosides 

and, not rare to find cucurbitacin B in a naturally bound form. 
Hatam  et al  (33) isolated and performed NMR studies on 
cucurbitacin glycosides derived from the fruit of Citrullus 
colocynthis L. Schrad. Cucurbitacin B showed strong affinity 
to human serum albumin via hydrophobic and electrostatic 
forces and increased the binding of ibuprofen to albumin (34). 
This indicated the catalytic role of cucurbitacin B in NSAIDs-
pharmacokinetics.

3. Cucurbitacin B - sources

Cucurbitacin B has been extracted from plants of various fami-
lies and genera around the world for research purpose (compiled 
in Table I). We examined the effect of cucurbitacin B, derived 
from Helicteres angustifolia (35), on a variety of cancer and 
normal cells and discovered its cytotoxic potential in bone 
osteosarcoma cells at nanomolar doses. Cucurbitacin B fraction-
ated from the methanolic extract of Licaniaintra petiolaris was 
analyzed for toxicity via kenacid acid cytotoxicity assay (36) 
and, caused, at the dose <0.01 µg/ml, >50% cell death in human 
oral epidermoid carcinoma cells. Cucurbitacin B obtained in 
both pure and glycoside form from the fractionation from root 
extract of Casearia arborea showed potent cytotoxicity against 

Table I. Potency of cucurbitacin B against various diseases.

Year	 Source	 Presenting condition	 Activity explored	 Refs.

1988	 Ecballium elaterium	 Inflammation	 Vascular permeability	 (42)
1989	 Citrullus colocynthis	 -	 -	 (33)
2000	 Casearia arborea	 Brain and skin cancer	 Cytotoxicity	 (37)
2001	 Licania intrapetiolaris	 Oral epidermoid cancer	 Cytotoxicity	 (36)
1999	 Leukopaxillus gentianeus	 Multiple cancers	 Cytotoxicity	 (28)
2004	 Begonia nantoensis	 Multiple cancers	 Cytotoxicity	 (41)
2006	 Cayaponia racemosa	 -	 -	 (32)
2006	 Leucopaxillus gentianeus	 Lung cancer	 Cytotoxicity	 (30)
2007	 Citrullus colocynthis	 Breast cancer	 Cytotoxicity	 (45)
2008	 Trichosanthes cucumerina	 Multiple cancers	 Cytotoxicity	 (81)
2009	 Cucumis melo	 Multiple cancers	 Cytotoxicity	 (39)
2010	 Trichosanthes cucumerina	 Breast cancer	 Cytotoxicity	 (47)
2010	 Trichosanthes kirilowii	 Liver cancer	 Cytotoxicity	 (40)
2011	 Cucumis prophetarum	 Embryonic cancer	 Cytotoxicity	 (38)
2012	 Trichosanthes cucumerina	 Breast cancer	 Cytotoxicity	 (10)
2012	 Trichosanthes cucumerina	 Breast cancer	 Cytotoxicity	 (49)
2012	 Luffa operculata	 Lung cancer	 -	 (60)
2013	 Trichosanthes cucumerina	 Breast cancer	 Cytotoxicity	 (50)
2014	 Cucurbita pepo	 Inflammation	 ROS scavenging and COX-1/2 inhibition	 (43)
2014	 Lagenaria siceraria
2014	 Luffa cylindrical
2014	 Trichosanthes kirilowii	 Multiple cancers	 Cytotoxicity	 (92)
2015	 Luffa graveolense	 Lung cancer	 Cytotoxicity	 (64)
2015	 Ecballium elaterium	 Liver inujry	 Hepatoprotection	 (126)
2016	 Helicteres angustifolia	 Bone cancer	 Cytotoxicity	 (35)
2016	 Luffa graveolense	 Breast cancer	 Cytotoxicity	 (59)
2016	 Wilbrandia ebracteata	 Lung cancer	 Cytotoxicity	 (65)
2016	 Luffa graveolense	 Lung cancer	 Cytotoxicity	 (66)
2017	 Ecballium elaterium	 Multiple cancers	 Cytotoxicity	 (76)
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gliosarcoma and melanoma cell lines (37); from the chloro-
form-methanol extracts of Cucumis prophetarum it showed 
cytotoxicity against tumor derived and virally transformed 
mouse cancer cells (38); from the fruiting bodies of the fungal 
mushroom Leucopaxillus gentianeus it showed very strong 
cytotoxicity against NSCLC, RCC, HCC and HER2-/ER+ 
breast carcinoma cells (28); from the stems of Cucumis melo 
it showed significant cytotoxicity against NSCLC and HCC 
in vitro via activation of phospho-STAT3 (39); from the fruiting 
bodies of the fungal mushroom Leucopaxillus gentianeus it 
showed cytotoxicity against NSCLC, RCC, HCC and HER2-/
ER+ breast carcinoma cells (28); and from the methanol extract 
of Trichosanthes kirilowii Cucurbitacin B and its close relatives 
demonstrated potent anticancer activities mediated through 
HIF-1α and NF-κB suppression  (40). From the air-dried 
rhizomes of Begonia nantoensis it not only showed cytotox-
icity against NSCLC, HER2-/ER+ breast carcinoma, gastric 
adenocarcinoma and non-neoplastic nasopharyngeal epithelial 
cell carcinoma cells, but also inhibited HIV replication in 
human T-lymphocytes, flaunting its potential as an anti-viral 
molecule (41).

Many studies have shed light on other medicinal proper-
ties of cucurbitacin B. Yesilada  et  al  (42) showed potent 
anti-inflammatory activity in a fraction from the freeze-dried 
fruit juice of squirting cucumber Ecballium elaterium L. 
Rich. Rawat  et  al  (43) demonstrated the anti-oxidant and 
anti-inflammatory potential of extracts of cucurbits Lagenaria 

siceraria, Cucurbita pepo and Luffa cylindrical. Overall, 
in last 50 years, cucurbitacin B has been shown to possess 
therapeutic value for ailments such as cancer, HIV-AIDS and 
inflammatory disorders. Indeed, methods for preparing cucur-
bitacin with longer shelf life have been developed (44). More 
recently, several studies, using in vitro and in vivo approaches, 
have reported its mechanism of action.

4. Cucurbitacin B - anticancer activity

Many researchers around the world have based their research 
questions on the activity of cucurbitacin B in cancer cells 
(compiled in Table  II). Cucurbitacin B has been shown to 
possess strong anticancer activity in a variety of cancers 
in vitro and in vivo (Fig. 3).

Breast cancer. Tannin-Spitz et al (45) isolated cucurbitacin 
glycosides from the leaves of Citrullus colocynthis and found 
that the combination (cucurbitacin B/E glycosides 1:1) inhibited 
the growth of breast cancer cells in a dose- and time-dependent 
fashion, and forced the cells into G2/M phase cell cycle arrest 
furthering into apoptosis. Growth arrest was elucidated by the 
downregulation of p34Cdc2/cyclin B1 protein complex and upreg-
ulation of phospho-STAT3 and p21WAF1. Breast cancer cells 
treated with the combination of cucurbitacin B and glycosides 
showed remarkable annular appearance representative of actin 
filament disruption. This led to ER status-independent inhibition 

Figure 3. Summary of anticancer molecular mechanisms (site-wise) by cucurbitacin B. All stated proteins are either upregulated or downregulated, contrib-
uting to the inhibition of cancer development.
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of PKB protein phosphorylation and reduction in the expres-
sion of survivin, contributing to apoptosis. Wakimoto et al (46) 
confirmed that cucurbitacin  B induced dose-dependent 
disruption of actin microtubules and filaments to illustrate 
rapid morphological changes in breast cancer cells, as soon as 
15-20 min after exposure to the compound. These were due to 
the disruption of F-actin within 3-5 min after exposure, followed 
by disruption of microtubules over 15-20 min. These findings 
were verified using nude mice, in which tri-weekly orthotopic 
1 mg/kg intra-peritoneal injections of cucurbitacin B resulted in 
~50% tumor size growth suppression.

Duangmano et al (47) reported that cucurbitacin B inhib-
ited telomerase activity in the breast cancer cells. Telomere 
erosion and telomerase inhibition was supported with the 
inhibition of hTERT and cMYC proteins and consequential 
cell cycle arrest into G2/M phase (47,48). Two years later they 
reported downregulation of cyclin B1 (key cell cycle regulatory 
protein) by cucurbitacin B (10). They also showed inhibition 
of phosphorylation of GSK-3β, resulting in enhanced activity 
of the β-catenin-degradation complex, accompanied with 
downregulation of galectin-3. These results indicated an over 
obstruction of canonical Wnt/β-catenin signaling axis. They 
also reported the role of neucleophosmin/B23 in breast cancer 
cells  (49). Nucleophosmin/B23 protein plays an important 
role in controlling cellular cycling activities, and continuously 
patrols from nucleolus to cytoplasm and back. Microtubules 
are cytoskeleton builders consisting of α-tubulin and β-tubulin 
subunit chains, and have fundamental role in maintaining 
cell structure, motility, trafficking and division. Shortage of 
nucleophosmin/B23 may lead to disruption of tubulin subunit 
polymerization. The authors found that cucurbitacin B treat-
ment caused strong anti-proliferative and apoptotic effects in 
breast cancer cells through downregulation of nucleophosmin/
B23 and disruption of microtubule polymerization. They inves-
tigated the effectiveness of cucurbitacin B in BRCA1-defective 
breast cancer cells (50), where it counterpoised uncontrolled 
proliferation and drug resistance of cancer cells. Additionally, 
it caused upregulation in the expression of cell cycle inhibitors 
p21WAF1 and p27KIP1, driving the cells into apoptosis.

HER2 status and integrins play a vital role in the carcino-
genesis in breast cancer cells. HER2/neu, a proto-oncogenic 
protein, is a mitogenic tyrosine kinase receptor, which directly 
participates in cell transformation, survival and proliferation. 
Integrins are a large family of extracellular matrix (tumor cell 
microenvironment governing) receptor proteins, composed of 
two α- and two β-glycoprotein units linked with non-covalent 
bonds. There are ~24 popular integrin dimers, distinctly 
mended by at least 18α and 8β subunits. Integrins ITGAVB3 and 
ITGA6B4 specifically foster survival and cell motility (51-53), 
whereas ITGB1 and ITGB3 induce apoptosis (integrin-medi-
ated cell death) (54). Gupta and Srivastava (55,56) reported that 
cucurbitacin B treatment inhibited HER2 receptor and cell adhe-
sion integrins, and triggered integrin-mediated cell death via B1 
and B3 upregulation through a dose- and time-dependent BAX 
and caspase-8 cleavage. They also reported that cucurbitacin B 
treatment in HER2+ breast cancer cells reduced their invasive-
ness by EMT reversal. HER2+ cells acquire mesenchymal 
properties via upregulation of TGFβ and downregulation of 
E-cadherin (57). Cucurbitacin B inhibited the expression of 
TGFβ, SMAD, SNAIL, SLUG, ZEB1 and N-cadherin, and 

abrogated the expression of E-cadherin in HER2+ breast cancer 
cells. Cucurbitacin B treatment induced autophagy in breast 
cancer cells  (58). It caused DNA damage in HER2-breast 
cancer cells via ROS mediated upregulation of γH2AX and 
phosphorylation of ATM/ATR resulting in p53-dependent cell 
apoptosis. Autophagy induction was confirmed by the appear-
ance of autophagic vacuoles in monodansylcadaverine (MDC) 
staining and upregulation of Beclin1, ULK1 and LC3 in a 
time- and dose-dependent manner. The effects of ROS reversed 
if the cells were pretreated with NAC. Cucurbitacin B also 
reduced the metastatic potential of the breast cancer cells (59). 
At the non-apoptotic dose, cucurbitacin B delayed migration 
and invasion potential of the breast cancer and human vascular 
endothelial cells in a time- and dose-dependent manner. It was 
further accompanied by inhibition of angiogenesis potential 
and a dose-dependent suppression of VEGF/FAK/MMP9 
signaling axis. These results were validated via retrograde 
inhibition of FAK using its inhibitor FI14 and genetic silencing, 
and in vivo studies.

Lung cancer. Lang et al (60) tested the effect of cucurbitacin B 
on NSCLC cells. They showed that the highly oxygenated 
bitter triterpene (cucurbitacin B) caused moderate to potent 
cytotoxicity with IC50 0.13 µM in 48 h and 0.04 µM in 72 h. 
Thiols are one of the crucial redox regulators for cytoskeleton 
remodeling, cell cycle progression, mitochondrial apoptosis 
and regulation of redox sensitive signal transducers and 
activators of transcriptors. Kausar et al (61) showed that the 
thiols act as the intermediate between Cucurbitacin B and 
its toxicity in lung cancer cells. All cytotoxic effects were 
attenuated with thiol anti-oxidant NAC pretreatment, whereas 
exacerbated with GSH synthesis inhibitor BSO. They demon-
strated the physical interaction of cucurbitacin B with NAC 
and glutathione (GSH) extracellularly using ultraviolet (UV) 
and FTICR mass spectrometry. Furthermore, Guo et al (62)
reported that cucurbitacin B in lung cancer cells also caused 
DNA damage via ROS formation and let cells into G2/M cell 
cycle arrest. ROS caused double stranded DNA breaks, which 
led to ATM-mediated activation of Chk1-Cdc25C-Cdk1 and 
p53-14-3-3-σ-CDC-25C-CDK1 pathways leading to mitotic 
interruption in parallel. Lung cancer when treated with 
cucurbitacin B inhibited phosphorylation of STAT3 to cause 
growth arrest and apoptosis in dose- and time-dependent 
manner (63). It inhibited STAT3 pathway leading to down-
regulation of cyclin B1 and BCL2. Shukla et al (64) reported 
global DNA methylation-associated epigenetic modifications 
due to cucurbitacin B treatment in highly aggressive NSCLC 
cells. They reported that the altered histone modifications at 
the respective promoter sites caused upregulation of p16INK4A 

and p21WAF1 and downregulation of hTERT to cause replica-
tive senescence, growth arrest and apoptosis. They also found 
that cucurbitacin B caused downregulation of cMYC/kRAS at 
only protein and not transcriptional level. 5-mC reduction was 
accompanied with downregulation of DNMTs, HDACs and 
SIRT and upregulation of CBP and PCAF. The results were 
validated using carcinogen NNK-induced lung tumorigenesis 
in mice, advocating epigenetic modulation to be a significant 
anticancer mechanism of cucurbitacin B.

Silva et al (65) reported PI3Kinase and MAPK pathway 
inhibition due to cucurbitacin B treatment. The treatment 
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delayed cell migration, alleviated invasion potential and 
caused dose- and time-dependent apoptosis. It inhibited 
MMP release and FAK activation, and upregulated (activated) 
phospho-AKT, -ERK, -JNK and -NF-κBp65. In another study, 
cucurbitacin B exhibited a strong anti-metastatic potential in the 
NSCLC cells via downregulation of canonical Wnt/β‑catenin 
signaling axis (66). In both moderately aggressive and highly 
aggressive NSCLC cell lines in vitro, cucurbitacin B treatment 
delayed migration and impeded invasion with downregulation 
of Wnt3/Wnt3α, FZD7, β-catenin, MMP2, cMYC, cyclin D1, 
survivin and VEGF and upregulation of E-cadherin proteins. 
It also showed potent anti-angiogenic effects. These effects 
regressed upon the treatment with EMT inducer TGFβ or by 
retrograde genetic knockdown of Wnt3/Wnt3α. All the results 
were validated using NNK-induced lung tumorigenesis in 
mice. Intraperitoneal injections of cucurbitacin B at 0.1 mg/kg 
body weight, administered thrice a week, reduced the tumor 
incidence, frequency and volume by 80-90% compared to 
vehicle group.

Skin cancer. In malignant melanoma, cucurbitacin B inhibited 
cell proliferation as well as their migratory potential  (67). 
Treatment in a mouse melanoma cell line caused cell membrane 
blebbing and deformation and multiploidy, via ROS induction 
resulting in dose-dependent G2/M phase growth arrest. There 
was significant depletion and aggregation of G-actin protein 
from the cellular cytoskeleton, reversed using NAC. NAC is 
an N-acetyl derivative of L-cysteine and an established potent 
antioxidant. Inhibition of growth of subcutaneously implanted 
melanoma cells was validated using female C57BL/6 mice. 
Cofilin is an actin-depolymerization factor. It is regulated 
by phosphatidylinositol phosphate, pH variations, redox 
balance and competition with tropomyosins (68), activated by 
dephosphorylation at its serine residue 3 by chronotropin or 
slingshot phosphatases, and inactivated by phosphorylation via 
LIM or TES kinases (69). Rho-associated kinases indirectly 
modulate the stress fibers and focal adhesions (70). Cofilin 
and actin form rods and are implicated in the pathogenesis of 
neurogenerative disorders (71). Cucurbitacin B dramatically 
activated cofilin via thiol oxidation, which formed rod-like 
structures co-localizing with the actin (tandem rods) in mela-
noma cells (72). Rho kinase and LIMK were downregulated, 
which were reversed by the treatment of thiol-ROS-scavenger 
NAC. Cucurbitacin B induced slingshot homolog-1 dependent 
hyper activation of cofilin and formation of cofilin-actin rods 
downstream of actin aggregation. VASP, an F-actin barbed end 
binding protein facilitates actin filament elongation through 
interaction with G-actin, profilin and other actin regulatory 
factors (73). It directly controls the assembly of the actin-
filament mesh, transforms the morphology and behavior of 
membrane protrusion structures and also contributes to cell 
migration and adhesion. Cucurbitacin B induced VASP phos-
phorylation (deactivation) at serine 157 (74). It was mediated by 
cAMP independent activation of Gα13/RhoA/PKA pathway, 
to generate VASP clumps. These clumps co-localized with 
amorphous actin aggregates, prior to the formation of highly 
ordered cofilin-actin rods in melanoma cells.

Brain cancer. Cucurbitacin B inhibited growth of human glio-
blastoma multiforme cells by intense disturbance in its internal 

cytoskeleton (75). Within 15-30 min of treatment, it caused 
loss of pseudopodia, multi-nucleation and skirting up of cells 
associated with disruption of actin and microtubules, but was 
followed by the activation of cell survival pathways. It also 
inhibited cell proliferation, decreased migration and caused 
cell cycle arrest in G2/M phase and apoptosis. After 30 min of 
treatment, it caused upregulation of phospho-p38, JNK, JUN 
and ERK in a time-dependent manner. This was validated 
using SP600125, a broad-spectrum anthrapyrazolone inhibitor 
of JNK. SP600125 blocked the effects of cucurbitacin B. 
The treated glioblastoma multiforme cells exhibited marked 
disintegration and rearrangement of filamentous actin and 
β-tubulin. Touihri-Barakati et al (76) recently found that the 
proliferation, adhesion and migration inhibition due to cucur-
bitacin B may be mediated through α5β1 integrins. Laminins 
and fibronectin are extracellularly present high molecular 
weight cell adhesion proteins, and constitute major component 
of basal lamina contributing to cell adherence, dissemination 
and differentiation. Their upregulation is commonly found in 
EMT. Authors found significant downregulation of Laminin-1 
and fibronectin in human glioblastoma cells. Further intro-
spection in microvasculature endothelial cells demonstrated 
potent anti-angiogenic activity. Cucurbitacin B also showed 
remarkable anticancer effects in human neuroblastoma cancer 
cell lines (77). It induced G2/M arrest and apoptosis supported 
with upregulation of p53, p21 and BAX, and downregulation 
of BCL2. This was accompanied with the downregulation 
of proteins (CDK1 and cyclin  B1) essential for cell cycle 
progression. It also inhibited JAK2/STAT3 signaling cascades 
and induced JNK/p38MAPK-activation/ERK-inactivation. 
Shang  et al  (78) reported that PTEN activation is crucial 
and adds positively to the anti-proliferative effects of cucur-
bitacin  B. Apart from proliferation inhibition, cell cycle 
restraining and apoptotic trend, they dissected the possible 
mechanism of inhibition of AKT signaling pathway in human 
neuroblastoma cells. Although they found that some of the key 
down-stream factors in the pathway viz., NF-κB, AMPK and 
p38 did not alter; genetically activating AKT using plasmid 
vector carrying myr-AKT locus reversed the toxic effects of 
cucurbitacin B. Silencing of activated PTEN resulted in AKT 
phosphorylation and upregulation of the proapoptotic markers 
and repression of cyclins.

Liver cancer. Dat et al (40) isolated cucurbitacin B and its 
close relatives, which demonstrated potent anticancer activi-
ties mediated through HIF-1α and NF-κB inhibition in hepatic 
carcinoma cells. Cucurbitacin B inhibited the activation of 
HIF-1α in an artificially-induced hypoxia cell-based reporter 
assay and inhibited NF-κB in secreted alkaline phosphatase 
reporter assay. VEGF-specific ELISA validated its anti-
angiogenic potential. Chan et al (79) explored the activity of 
cucurbitacin B in human hepatocellular carcinoma in vitro and 
in vivo, where they reported that it caused dose- and time-depen-
dent clonogenic inhibition via STAT3 independent S-phase 
arrest. This phenomenon occurred probably via ERK1/2 
activation and suppression of cyclin D1, CDC2, and c-RAF 
phosphorylation. Cucurbitacin  B induced ROS-mediated 
DNA damage leading to apoptosis and autophagy in hepato-
cellular carcinoma cells (80). It was supported with increased 
upregulation of γH2AX, phosphorylation of ATM/ATR 
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and CHK1/CHK2, modulations in BCL2 family proteins 
and cleavage of caspases-7 and -9. They also ascertained 
cucurbitacin B-induced autophagy, which was marked by 
vacuolization, upregulation of LC3II and ULK1, downregu-
lation of AKT and mTOR proteins and activation of PTEN. 
They proposed that the contemporary activation of PTEN 
protein, which probably led to AKT/mTOR inhibition, had 
indirect correlation with autophagy. They used silencing RNA 
to genetically knock down PTEN gene to confirm inhibition of 
AKT and upregulation of autophagy specific proteins.

Blood cancer. Cucurbitacin B with variable IC50 value induced 
cell cycle arrest and cellular differentiation in acute promy-
elocytic and myeloid leukemia (81). It induced S phase growth 
arrest, swollen morphology of cells, altered cytoskeleton due 
to rapid and haphazard polymerization of filamentous actin 
into globular aggregates, and decreased clonogenicity in the 
immature blasts. It also caused upregulation of monocytic-/
granulocytic-specific CD11b, signifying cell differentia-
tion. Cucurbitacin B suppressed the activated MAPK/ERK 
pathway and inhibited STAT3 activation in various human 
chronic myeloid leukemia cells  (82). Protein expression 
analysis showed activation of STAT3, RAF, MEK and ERK 
proteins was inhibited. STAT3 activation modulation ensued 
through a crosstalk mechanism, which also resulted into G2/M 
arrest and apoptosis. Similar findings were noted in human 
leukemic Jurkat cells  (83). Cucurbitacin B caused cofilin 
dephosphorylation and actin dynamics intrusion, prompting 
cell volume increase and simultaneous multi-nucleation. It 
also induced autophagosomes and LC3II upregulation as a 
compensatory protective response. Constitutive suppression 
of autophagy led to dramatic increase in caspase-3 mediated 
autophagy.

Others. Gao et al (84) reported the anticancer effects of cucurbit-
acin B in prostate cancer cells. Cucurbitacin B caused selective 
toxicity in human epithelial type prostate cancer cells. ACLY 
is an enzyme, which metabolically converts mitochondrial 
citrate into acetyl coenzyme A (85,86). Acetyl coenzyme A 
is a major precursor and constituent responsible for synthesis 
of fatty acids and mevalonate, which promote carcinogenesis. 
Cucurbitacin B downregulated the expression of acetyl coen-
zyme A, fatty acid synthesis and mevalonate, supplemented 
with mitochondrial ROS production. It was suggested that the 
inhibition of the acetyl coenzyme A signaling might be one of 
the downstream mechanisms of ROS-mediated intracellular 
insults leading into apoptosis. Cucurbitacin B exhibited signif-
icant toxicity in human laryngeal cancer cells leading to G2/M 
phase arrest (87). This was supported with downregulation of 
cyclin B1, phospho-STAT3 and BCL2, associated with chro-
matin condensation, nuclear fragmentation, and appearance 
of apoptotic bodies in a dose- and time-dependent manner. 
Cucurbitacin B inhibited proliferation and induced G0/G1 cell 
cycle arrest in a dose- and time-dependent manner in gastric 
cancer cells (88). It suppressed the expression of cyclin D1, 
cyclin E, CDK4 and CDK2 and upregulated the expression 
of p27, all of which are indicated in inhibition of cell cycle 
progression. It also inhibited phosphorylation of JAK2 and 
STAT3 and caused apoptosis. It also induced caspase-depen-
dent apoptosis and autophagy in SGC7901/DDP DDP-resistant 

gastric cancer cells (89). It suppressed cell proliferation and 
induced apoptosis and autophagy via inhibition of activation 
of CIP2A-PP2A-mTORC1 axis. Cucurbitacin B was shown 
to cause cytotoxicity to a variety of bone cancer and normal 
cells at nanomolar doses (35). It forced osteoblastoma and 
normal lung fibroblasts into G2/M phase growth arrest, and 
unanimously activated p53 and pRB tumor suppressor path-
ways, leading to characteristic senescence-like growth arrest 
and/or apoptosis. At 20-100 µM dose it suppressed cell prolif-
eration and induced apoptosis in U-2OS human osteosarcoma 
cells  (90). It inhibited JAK2/STAT3 and MAPK pathways 
leading to BH3 domain and caspase family protein modula-
tion to induce cell cycle arrest, along with MMP2, MMP9, 
VEGF inhibition adding up to delay in migration potential of 
the cells and angiogenesis inhibition. Cucurbitacin B showed 
anticancer activity in paclitaxel-resistant A2780/Taxol ovarian 
cancer cells (91). It caused growth inhibition in G2/M phase 
and apoptosis via upregulation of p53 and p21, downregulation 
of BCL2, activation of caspase-3, and suppression of P-gp, 
suggesting potential role against multidrug resistance clinical 
cancer. Ma et al (92) monitored hypoxia-induced signaling 
and modulation by cucurbitacin B in various cell lines 
in vitro. They found that the activation of HIF-1α-monomer 
was suppressed due to cucurbitacin B treatment in a dose-
dependent manner. They also found that this effect co-existed 
and correlated with strong dephosphorylation of mTOR, 
p70S6K, 4EBP1 and ERK1/2 proteins. It also downregulated 
the HIF-1 targets, VEGF and erythropoietin. Contemporary 
treatment with a known proteasomal inhibitor MG-132 
overshadowed the hypoxia signaling suppression, implying 
that cucurbitacin B did not affect transcriptional coding, but 
regressed its ubiquitin-mediated proteasomal degradation. It 
also altered microtubule structures in human cervical cancer 
HeLa and osteosarcoma U-2OS cells (93). It affected mitotic 
spindles and induced G2/M cell cycle arrest. Zhang et al (94) 
showed that cucurbitacin B induced caspase-independent 
autophagy reflux in a variety of cell lines. It suppressed cell 
growth and proliferation, and inhibited interleukin-6 medi-
ated phosphorylation of STAT3 in a dose-dependent manner. 
Increase in mitochondrial-derived ROS and activated ERK1/2 
and JNK proteins were also observed. It induced autophagy 
as evidenced by appearance of autophagosomes and upregula-
tion of lipidated LC3 II. However, inhibition or knockdown 
of ATG5 and Beclin1 proteins did not rescue the cells from 
death. Instead, it forced cells to undergo caspase-dependent 
apoptosis, suggesting a competitive cross-relation between 
autophagy and apoptosis.

5. Cucurbitacin B - as combination therapy

Cucurbitacin B and its derivatives have shown syner-
gism with other anticancer agents (reviewed in Table  III). 
Marostica et al (95) presented DACE, a novel semisynthetic 
derivative of cucurbitacin B and tested its effect in NSCLC 
cells as individually and in combination with either cisplatin 
(9 µM), irinotecan (4.25 µM) or paclitaxel (0.125 µM) (96). 
Cucurbitacin B (20 mg) was made to react with p-toluenesul-
fonyl chloride (34 mg) and DABCO (20 mg) in dichloromethane 
(200 ml) to obtain tosylated intermediate (20 mg), which 
was then made to undergo nucleophilic substitution using 
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sodium azide (18.2 mg) in dimethylformamide (250 µl) to 
finally attain DACE. Cisplatin, an inorganic water-soluble 
platinum complex, reacts with and alters DNA after under-
going hydrolysis to produce crosslinks. Crosslinks impair 
DNA replication, and forces the cells into G2 phase arrest. 
Irinotecan is a topoisomerase inhibitor. Paclitaxel is a cyclo-
decane isolated from the bark of Taxus brevifolia. It stabilizes 
microtubules when they are in polymerized form, which 
causes cell death. In combination with either one of three 
accomplices, DACE (0.125 µM) reduced the risk of drug resis-
tance, which is one of the major hurdles today in anticancer 
therapy by synthetic agents. It also showed selective toxicity to 
the cancer cells, forced them into G2/M phase cell cycle arrest 
via STAT3 activation suppression and AKT downregulation, 
filamentous actin aggregation, nuclear fragmentation, inac-
tivated cofilin1 suppression and E-cadherin substantiation. 
DACE also interfered with the activation of EGFR and its 
downstream factors AKT, ERK, STAT3 and survivin, contrib-
uting to growth arrest and caspase-3-mediated apoptosis. 
Efficacy in combination with cisplatin has also been checked 
in cutaneous squamous cell carcinoma (97). Cucurbitacin B 
(0.1-2.5 µM) with cisplatin (5-20 µM) was pulse exposed 
to the cells i.e., exposed for a limited duration followed by 
culture in usual growth medium. The combination synergisti-
cally downregulated cyclin B1 and CDC2 expressions, with 
reduction in migratory and invasive potential of the cells. In 
laryngeal squamous cell carcinoma, the combination (0.1 µM 
cucurbitacin B, 10 µM cisplatin) interdependently suppressed 
activation of STAT3 and translational expression of cyclin B1 
and BCL2 (98). In ovarian cancer, cucurbitacin B sensitized 
cells to cisplatin (99). Cucurbitacin B (2 µM) pretreated with 
cisplatin (10 µM) resulted in enhanced cytotoxicity than that 
by cisplatin alone in both cisplatin sensitive and insensitive 
ovarian cancer cells, via depletion of glutathione and increase 
in ROS production. It downregulated Dyrk1B, phosphorylated 
ERK1/2 and STAT3 and cyclin B1, leading to G2/M phase 
growth arrest. It also downregulated BCL2 and APAF1 and 
upregulated caspase-9 indicating apoptotic induction. These 
effects afforded by the combination had cucurbitacin B at the 
dose of just a fourth of its IC50. Cucurbitacin B (1 mg/kg) in 
combination with paclitaxel (10 mg/kg) injected intravenously 
suppressed tumor growth in Balb/c nude mice (100). Treatment 
was well tolerated by the animals and no evident damage in 
liver and kidneys was observed.

Docetaxel is a microtubule inhibitor. It prevents forma-
tion of microtubules leading to failure of growth and cell 
division. Gemcitabine, a nucleoside metabolic inhibitor, 
prevents the synthesis of genetic element, hence preventing 
DNA replication. Cucurbitacin B (0.001-0.05 µM) synergisti-
cally enhanced the anti-proliferative and apoptosis effects of 
docetaxel (0.001-0.005 µM) or gemcitabine (0.001-0.1 µM) 
in breast cancer cells in vitro and in vivo, at much lower 
dose of either drug than that used in chemotherapy, indi-
cating minimum adverse effects (101). However, even with 
combination, but at only high dose, myelosuppression, hepa-
totoxicity and leukopenia with gemcitabine combination was 
encountered. In another study, combination of cucurbitacin B 
(1 µM) and docetaxel (0.025 µM) caused cell cycle arrest 
at G2/M phase and apoptosis via synergistic suppression of 
phospho-STAT3, BCL2 and cyclin B1 in laryngeal cancer 

cells (102). Thoennissen et al (103) reported synergism of 
cucurbitacin B with gemcitabine in pancreatic cancer. cucur-
bitacin B (0.01‑0.1 µM) and gemcitabine (0.001-0.01 µM) 
combination caused dose-dependent multi-nucleation, 
G2/M arrest and apoptosis, associated with inhibition of 
activated JAK2, STAT 3/5, cyclin A/B1 and BCL-XL and 
activation of p21WAF1 and caspases, more than cucurbitacin B 
(0.05‑0.2 µM) alone. The same group in another study in 
2010 showed that this combination also inhibited BCL2 
and cMYC adding up to apoptosis in pancreatic cancer cells 
in vitro. These effects were positively validated in vivo with 
only mild toxicity (104). Protein kinase activity is crucial for 
a majority of intra-cellular signaling pathways. Prevention 
of protein kinase results into cell growth arrest. Gefitinib 
is a protein kinase inhibitor and known to be orally active 
selective inhibitor of EGFR, which inhibits autophosphoryla-
tion of intracellular tyrosine residues. Cucurbitacin B at safe 
dose (0.5 µM) offered synergistic anti-proliferative affects to 
benign dose of gefitinib (10 µM) against human colorectal 
cancer cells in vitro (105), as validated via LDH assay. There 
was more significant downregulation of BCL2, cyclin D1, 
and phospho-EGFR and STAT3, and upregulation of BAX, 
BAK and p27KIP1, indicating stronger growth arrest and 
apoptotic signaling. Thymidylate is one of the important 
building blocks of DNA. Its synthesis is mainly stimu-
lated by tetrahydrofolate. Methotrexate, an antineoplastic 
antimetabolite with immunosuppressant properties, is an 
inhibitor of tetrahydrofolate dehydrogenase. Cucurbitacin B 
(0.07 µM) and methotrexate (0.05 µM) combination caused 
G2/M growth arrest and apoptosis in human osteosarcoma 
cells (106). This was corroborated by inhibition of protein 
expression of ERK, AKT and mTOR in JAK/STAT inactive 
cells. Further in vivo validation exhibited tumor suppression 
by combination (cucurbitacin B at 0.5 mg/kg body weight, 
methotrexate at 150 mg/kg body weight) by 60-80%, which 
held at 66% after methotrexate withdrawal. Doxorubicin, a 
topoisomerase inhibiting anthracycline, intercalates DNA 
and exerts its anticancer activity by the suppression of DNA 
polymerase, topoisomerase II, and methyltransferase (107). 
Doxorubicin-resistant cells are known to entail survivin 
super-expression  (108). Cucurbitacin B (0.2-1  µM) and 
doxorubicin (1-5 µM) showed synergism against the progres-
sion of anaplastic thyroid cancer (109). They synergistically 
enhanced ROS production, with consequential upregulation 
of cleaved PARP, COX2 and phospho-ERK1/2, and down-
regulation of BCL2, survivin and JAK/STAT-signaling 
axis. In a recent study, cucurbitacin B (up to 0.2 µM) with 
doxorubicin (up to 0.2 µM) showed synergistic antitumor 
activity via inhibition of aurora A leading to G2/M phase 
cell cycle arrest, and IL10-induced STAT3 phosphorylation 
inhibition (110). It also induced cofilin dephosphorylation 
and caspase-mediated apoptosis.

Valproic acid, popular anti-convulsion and mood stabilizing 
fatty acid, is inhibited by histone deacetylase (drug resistance). 
Histone deacetylase activates tumor suppressors p53, p21 and 
CDKs, and increase histone acetylation, which suppress the 
activation of many proto-oncogenes  (111). Cucurbitacin B 
caused dose-dependent toxicity in mouse melanoma cells, 
followed by multiploidy, autophagy and BCL2 upregulation 
for cell survival  (112). This demonstrated the prosurvival 
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role of autophagy in cancer cells after treatment with cucur-
bitacin B (1 µM). When administered in combination with 
valproic acid (1-5 mM), it showed synergism to sensitize the 
cells to the toxicity due to valproic acid. It henceforth caused 
cell apoptosis and tapered multiploidization. Curcumin, 
obtained mainly from Curcuma longa, a yellow-orange 
phytopolyphenolic pigment commonly known as turmeric, 
is known for its medicinal properties such as anti-oxidant 
(prevention of ROS production), anti-inflammatory (COX 
inhibition) and anticancer (suppression of protein kinase C). 
It showed potency against alcoholic liver injury and insult 
due to lipopolysaccharide, D-(+)-galactosamine and heavy 
metals (113-115). It fundamentally operates via mitochondrial 
invasion and is relatively safe to the healthy tissue  (116). 
Combination of cucurbitacin B (143.2 µM) and curcumin 
(108.6 µM) showed synergism dose- and time-dependently 
against the human hepatocellular carcinoma (117), forcing 
the cells into G0/G1 phase arrest and apoptosis. It decreased 
the sensitivity of the cells to P-glycoprotein and reversed the 
resistance to 5-fluorouracil, indicating reversal of multidrug 
resistance. In vivo validation using cucurbitacin B (10 mg/kg 
body weight) and curcumin (5 mg/kg body weight) combina-
tion resulted in greater suppression in tumor growth than with 
either molecule alone, with enhanced caspase-3 activity and 
reduced ATP contents. Cucurbitain B in combination with 
glycosides exhibited excellent antioxidant properties in a dose-
dependent manner (118). The combination inhibited hydroxyl 
radical-dependent DEPMPO-hydroxyl radical adduct forma-
tion, superoxide radical anion-dependent DEPMPO-hydroxyl 
radical addict formation and singlet oxygen-dependent TEMP-
singlet oxygen addict generated in the photoradiation-porphin 
system. Duangmano et al (119) reported that cucurbitacin B 
increased the sensitivity of HER2-negative breast cancer vari-
ants to radiotherapy, and caused dose-dependent G2/M phase 
arrest and apoptosis in vitro via progressive upregulation of the 
p21 mRNA. Further augmentation with irradiation resulted in 
rapid cell death. Cucurbitacins, Picracin and deacetylpicracin 
from Picrorhiza scrophulariiflora inhibited mitogen-induced 
T cell proliferation and IL-2 (120). Authors regarded picracin 
as more active in inducing apoptosis of non-stimulated T cells 
than the others.

6. Cucurbitacin B - other biological systems

Potential of cucurbitacin B against cardiac, liver, lung, 
neuronal and skin injuries, systemic infections, inflammation, 
sex-related behavior and adipocyte differentiation has also 
been explored. Cucurbitacins exhibit a broad range of phar-
macological properties such as anti-inflammatory, antioxidant, 
antiviral, antipyretic, analgesic and anti-malarial (121-123). 
Cucurbitacin B (0.2  mg/kg) offered protection against 
pressure-overload cardiac hypertrophy with potent anti-
hypertrophy and anti-fibrosis effects  (124). Male C57/BL6 
mice were given surgical aortic banding to induce cardiac 
hypertrophy. Cucurbitacin B fed mice demonstrated a signifi-
cant reduction in heart weight, myocardial cell cross sectional 
area and interstitial fibrosis. These effects were further 
accompanied with inhibition of hypertrophy in phenylephrine 
stimulated cardiomyocytes attributed to inhibition of AKT/
mTOR/FOX03A axis and autophagy. Cucurbitacin B may be 

indicated in sepsis-induced acute lung injury (ALI) (125). A rat 
ALI model following abdominal septic puncture was treated 
with cucurbitacin B intraperitoneally. Cucurbitacin B-treated 
rats showed an increase in arterial oxygen partial pressure, 
and reduction in lung effusion, protein content, neutrophils 
and lymphocytes, and cytokines in a dose-dependent manner, 
with 3- to 5-fold increment in survival. Histological examina-
tion revealed that the pulmonary destruction was alleviated 
with cucurbitacin B treatment, endorsing its anti-oxidant and 
anti-inflammatory properties. Cucurbitacin B offered hepato-
protective and anti-inflammatory effects in artificially induced 
acute liver damage in outbred albino male Wistar rats (126). 
Flower-squeezed-sterile-juice of cucurbitacin B administered 
orally at 200-700 µl/kg body weight for three days before 
artificial induction of carbon chloride mediated hepatotoxicity 
resulted in mild and reversible damage in the liver parenchyma 
and liver function tests. However, higher dose showed signs of 
irreversible hepatotoxicity. Psoriasis is a chronic keratinocyte 
inflammatory adaptive immune-mediated disease, involving 
Th1-type immune cells and cytokines, encompassing 
~0.5-3% human population globally. It is characterized by 
hyperproliferation, inflammation and abnormal keratinocyte 
differentiation. Keratinocytes act as the first line barrier in 
immune surveillance, and govern innate immunity via inflam-
mation-associated molecules such as NF-κB. Imiquimod is 
an analog of adenosine, a chemical stress inducer. Topical 
application of cucurbitacin B inhibited imiquimod-induced 
pathogenesis of psoriatic dermatitis (127). It caused growth 
inhibition of keratinocytes, which was mediated by inhibition 
of NF-κB and STAT3 signaling leading to reduced expression 
of psoriatic IL8 and CCL20 cytokines, thus, reducing epidermal 
hyperplasia and psoriatic pathogenesis. Yesilada et al  (42) 
indexed anti-inflammatory property of cucurbitacin B using 
Whittle method, using a fraction from the freeze-dried fruit 
juice of squirting cucumber Ecballium elaterium. They esti-
mated dye leakage from the vascular tissue in orally fed mice. 
Vascular leakage corresponded to permeability and inflamma-
tory response. Authors recorded an increase in permeability 
with cucurbiatcin B dose; however, 400 mg/kg body weight 
(highest) also imposed severe toxicity to the animals.

Likewise, the ameliorative anti-oxidant effects of cucur-
bitacin B and its relatives were shown as beneficial against the 
neuronal injury (128). It significantly inhibited neuroinflamma-
tory mediators in TLR2/4 agonist-stimulated microglia. Excess 
TLR activated cytokine and complement proteins may result 
into neuronal injury and consequential cell death, mediated 
through pro-inflammatory cytokines (TNFα and IL1β/6), and 
JAK/STAT and NF-κB pathways. Pretreatment with cucur-
bitacin B suppressed the phosphorylation of JAK1, STAT1 
and STAT3, NF-κB transactivation and the cytokine release, 
resulting into attenuation of expression of iNOS and COX2. 
It enhanced the activity of Nrf2/ARE pathway to upregu-
late HO1 and NQO1, and inhibited caspase activity to offer 
significant neuroprotection. Rawat et al (43) also evaluated 
the anti-oxidant and anti-inflammatory potential of cucur-
bitacin B containing plant extracts. Extracts of cucurbits from 
L. siceraria, C. pepo and L. cylindrical by means of super-
oxide radical scavenging activity assay and catalase activity 
assay in the presence of xylene orange and Amplex® Red 
demonstrated potent radical scavenging activity. They also 
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inhibited inflammation specific cytokines COX-1 and COX-2 
in lipopolysaccharide-induced mouse serum. Cucurbitacun B 
with cucurbitacin E in the dichloromethanolic extract from 
the roots of Wilbrandia ebracteata Cogn. protected against 
inflammation and algesia in rats (129). Male Wistar rats were 
injected with inflammatory agent carrageenan in paws, which 
developed into inflammation. Inflammation was significantly 
less in rats fed with the extract. Furthermore, pain felt with 
acetic acid application in the inflamed area was significantly 
less as compared to the vehicle group.

Cucurbitacin B reduced the likelihood of onset of hepato-
cellular carcinoma by preventing STAT3 phosphorylation and 
consequent adipocyte accumulation (130). Phospho-STAT3 
stimulates the regulation of pro-proliferative cyclin D1 and 
adipogenesis markers PPARγ, aP2, C/EBPα, adiponectin 
and CD36 proteins, and inhibits adipocyte differentiation 
inhibitor KLF5. Seo et al (130) showed that cucurbitacin B 
suppressed the activation of STAT3, henceforth suppressing 
adipocyte differentiation and accumulation. Prevention of 
adipogenesis and lipid accumulation by 0.2-0.3 µM cucur-
bitacin B was more promising than by 20 mM resveratrol 
(standardized anti-adipogenic compound). Genetic silencing 
of STAT3 significantly attenuated the anti-adipogenic 
activity. Cucurbitacin B showed synergistic antibacterial and 
antiviral potential against Staphylococcus aureus and Herpes 
simplex virus-1 (131). Within a range of dose, cucurbitacin B 
in synergism with other antibiotics such as tetracycline and 
oxacillin inhibited the growth of clinical drug resistant variant 
of Staphylococcus aureus, as determined by microdilution 
method and checkboard assay. By means of plaque number 
reduction assay, it showed potent anti-HSV-1 potential, 
comparable to acyclovir. Cucurbitacin B treatment, however, 
led to decline in the sexual hormone and behavior in male 
moth Agrotis ipsilon (132). Cucurbitacin B as an antagonist of 
20E/EcR/USP complex and signaling pathway staging crucial 
for sexual behavior from the male antennal lobe reduced 
the amount of AipsEcR and AipsUSP in a dose-dependent 
manner, which inhibited central pheromone processing in the 
adult sexually mature male moth.

7. Cucurbitacin B - toxicity

Cucurbitacin B to the best of our knowledge has not been 
included in toxic or restricted use by any of the drug and 
safety bureau across the world, nor is there any report claiming 
its toxic role in vivo across the world (133), except an FDA 
report from 1955 and follow-up in 1983, where the authors 
reported that the median lethal dose of cucurbitacin B via 
intraperitoneal route was ~1 mg/kg in male albino mice at the 
end of three doses (134). Cause of death was acute pulmonary 
edema and respiratory arrest. Smit in 2000 (135) reported 
that in rabbits the median lethal dose of cucurbitacin B was 
0.5 mg/kg body weight after intravenous administration (136). 
Ferguson  et al  (137) also reported poisoning after human 
consumption of 700 g of commercially produced Cucurbita 
pepo L. within 6-h period. Toxic symptoms included bitter taste 
in mouth, abdominal cramps, diarrhea, and occasional vertigo 
and syncope. Australian Therapeutic Goods Administration 
has listed cucurbitacin B free from restricted use and encour-
ages its use in combination with other agents (138).

Cucurbitacin B in its pure form had median lethal dose 
of ~5  mg/kg (oral route)  (139) and 1  mg/kg (intraperito-
neal) (134) in mice, 0.5 mg/kg (intravenous) (140) in rabbit, 
and 0.32 mg/kg (intravenous) (141) in cat, recorded so far. 
Deaths at this dose were accompanied with symptoms such 
as pulmonary edema, however, with no mention of additional 
symptoms. Furthermore, severe toxicity leading to death 
following oral administration were reported in various studies 
reporting the use of plant and extracts - Ecballium elaterium 
in rabbits caused nervousness, restlessness, seizures, anorexia, 
tachycardia, tachypnea, dyspnea, cyanosis, and diarrhea even-
tually leading to death (142,143); Cucurbita texana in Swiss 
Webster mice caused severe anemia followed by death (144); 
Citrullus colosynthis and Lagenaria siceraria in goats caused 
restlessness, anorexia, diarrhea, dehydration, anemia, dyspnea, 
kinetic latency, internal hemorrhages, pulmonary emphysema, 
enteritis, multi-organ failure, and eventually death (145); and 
Citrullus colocythis in Bovans-type chicks led to hepatic fatty 
changes and toxicity, catarrhal enteritis, pulmonary emphy-
sema and renal tubular necrosis, but these symptoms reversed 
after 4 weeks of withdrawal (146).

Various human toxicity complaints have been reported 
from around the world after accidental or intentional consump-
tion of fruit juice of zucchini squash (142,147,148). Symptoms 
reported were similar to those in the in vivo studies pivoting 
digestive and neurological systems. However, following topical 
application with the same extract the human subjects remained 
asymptomatic (149). Since the median lethal dose via oral route 
was significantly higher than the parenteral, possibly digestion, 
emergence of metabolites and their absorption from the gut 
before reaching systemic circulation is crucial to alleviate its 
toxic effects and liberate its medicinal potency. Moreover, oral 
feeding led toxicities and deaths involved components addi-
tional to cucurbitacin B, advocating bail for cucurbitacin B off 
severely toxic profile. Therefore, oral administration of purified 
form of cucurbitacin B as an independent executor may be 
justified, as long as the dosage is conscientiously tailored and 
the symptoms are cautiously checked.

8. Cucurbitacin B - biological supply chain and future 
scope

The natural origin and synthetic production of cucurbitacin B 
have been extensively studied over the last few decades. 
Jung and Lui (150) presented the artificial convergent edifice 
efforts. Razavilar and Choi (151) found that the diffusivity of 
cucurbitacin B depends on wiggling motion of the block copo-
lymers to diffuse while the contemporaneous water molecules 
diffusion via a hopping mechanism. Toker  et  al  (152) 
proposed a novel method to naturally increase the yield of 
cucurbitacin  B using Ecballium elaterium callus culture 
technique. They showed that the subculture calluses of stem 
explants incubated in medium supplemented with 1  mg/l 
benzyl adenine and 0.1 mg/l naphthalene acetic acid could 
competently accrue the compound. Mei et al (153) suggested 
a process for cucurbitacin B bioproduction from one of its 
parent glycoside using a specific Streptomyces sp., by enzyme 
broth incubation and extraction with ethyl acetate. The process 
was mild, simple and prolific; nevertheless, its hydrophobic 
and electrostatic structure left it prognostically difficult. 
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Quick exploitation followed by attenuated performance of 
cucurbitacin B may abete solid doubts about the treatment 
modality and dosage in practical use. Cucurbitacin B is 
hydrophobic, hence suffers in situ absorption. Its absorption 
from carboxymethyl chitosan films loaded with phospholipid-
bile salt-mixed micelles as mucoadhesive buccal films 
resulted in 2.69-fold increase in bioavailability (154), with no 
toxic effect on buccal mucosa. Molavi et al (155) prepared 
polymeric micelles of less than 90 nanometers by encap-
sulating cucurbitacin B in PEO-b-PCL and PEO-b-PBCL. 
PEO-b-PCL micelles showed superiority in maintaining a 
sustained release of hydrophobic cucurbitacin B, thereby 
limiting the rate of STAT3 activation in murine cancer cell 
line. Patel et al (156) with the help of molecular dynamics 
simulation studies predicted that the increasing PCL/PEO 
ratio in PEO-b-PCL-cucurbitacin B micelles would reduce 
the drug release rate, due to polar intermolecular interactions. 
Docking energy analysis showed that the increase in ratio 
would favor additional hydrogen bond formation between the 
molecule and poly(ε-caprolactone). Cheng et al (157) prepared 
berberine hydrochloride modified phospholipid complex 
loaded cucurbitacin B (CUB-PLC-BER) as a formulation and 
tested its delivery and efficacy against cholangiocarcinoma 
in 2015. Berberine hydrochloride is known to stimulate bile 
release, hence was believed to contribute to sustained and 
prolonged drug release. Cucurbitacin B loaded with phospho-
lipids and berberine hydrochloride had higher drug delivery 
rate, and was more cytotoxic to the cancer cells in both in vitro 
and in vivo. Wang et al (158) encapsulated cucurbitacin B in 
glycosylated solid lipid nanoparticles. Administration of the 
formulation resulted into significant increase in targeted cyto-
toxicity, with overall target specific efficiency of nearly 64%, 
where the conventional formulations showed only 23-26%.

You et al (159) predicted the direct relation between the 
STAT3 protein localization and autophagy. STAT3 in cyto-
plasm inhibited autophagy via sequestration of EIF2AK2 and 
interaction with FOXO1/3. Cytoplasmic localization initiated 
direct protein-to-protein interaction and impeded autophagy 
by countervailing autophagy related proteins. Nuclear STAT3 
attuned autophagy via transcriptional regulation of autophagy-
related genes such as the BCL2 family. It is mediated at the 
genetic level where STAT3 activation may prompt genetic 
remodeling and attenuation of autophagy. Mitochondrial 
translocation of STAT3 constitutively suppressed autophagy. 
Studies reported that cucurbitacin B and derivatives interfered 
with the activation of STAT3 (61,63,74,82,87,88,94,95,98,99,
102‑105,109,110,119,130). Autophagy signaling is a fairly new 
subject. cucurbitacin B and its role in autophagy is mostly 
unexplored, hence the field is wide blank to fill in.

9. Summary

Cucurbitacins, steroids derived from triterpene hydrocarbon, 
found in a number of plant families, are some of the prin-
ciple compounds, which attribute medicinal qualities to the 
plant. Cucurbitacin B, the bitter toxin, in previous few decades 
has splendidly verified its cytotoxic potential against cancer 
and other medical conditions. Through various mechanisms, it 
suppressed the pathogenesis and inhibited the spread of cancer 
in vitro and in vivo (Figs. 1 and 3). It did so via onset of tumor 

suppressor p53 pathway and inhibition of tumor progression 
Wnt/β-catenin, phospho-RB, NF-κB, JAK/STAT, PI3K-AKT, 
and MAPK/ERK pathways. Treatment with cucurbitacin B 
consistently upregulated DNA damage and pro-apoptotic 
protein markers, while downregulated pro-survival markers, 
growth receptors and cell cycle progressors at either tran-
scriptional level or via their ubiquitination and proteasomal 
degradation. Consequently, it caused growth arrest, apoptosis, 
cellular differentiation, and inhibition of proliferation in cancer 
cells. It also showed significant efficacy against the developing 
detrimental effects of cardiac, pulmonary, neurological and 
hepatic injuries, psoriasis, infections and lipogenesis. It also 
caused STAT3 dependent autophagy. Bio-production, efficacy 
and metabolism of the compound may be improved by means of 
slight chemical modulation such as the use of hydroponics, bio-
transformers, micelles and nanomaterials. It is not difficult to 
categorize cucurbitacin B as an effective anticancer molecule. 
It has the potential to prevent cancer, delay its progression, and 
might be able to completely cure it. Since it is procured from 
the natural sources, it could significantly economize the expen-
diture against the continuously growing disease. Surprisingly, 
not one human study to explore the efficacy of the molecule has 
been conducted so far. Clinical trials for cucurbitacin B as the 
mainline-targeted anticancer therapy either as an independent 
effector or as a supplement is warranted.
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