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ABSTRACT 

Glioblastoma (GBM) is the most common type of primary brain tumor. Patients with GBM have poor survival 

outcomes. Isolated components of Momordica charantia have anticancer effects. However, the bioactivity of M. 

charantia extracts against GBM remains unknown. We tested four major extracts of M. charantia and found that 

momordicine I reduced glioma cell viability without serious cytotoxic effects on astrocytes. Momordicine I sup-

pressed glioma cell colony formation, proliferation, migration, and invasion. Momordicine I also induced apopto-

sis, intracellular reactive oxygen species (ROS) production, and senescence in glioma cells. Moreover, momordi-

cine I decreased the oxidative phosphorylation capacity of glioma cells and inhibited tumor sphere formation in 

temozolomide (TMZ)-resistant GBM cells. We further explored whether the antiglioma effect of momordicine I 

may be related to cell cycle modulation and DLGPA5 expression. Our results indicate that the cytotoxic effect of 

momordicine I on glioma cells suggests its potential therapeutic application to GBM treatment. 
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Abbreviations 

7-AAD 7-aminoactinomycin D 

Akt Ak strain transforming (protein kinase 

B) 

BrdU Bromodeoxyuridine 

C12FDG 5-Dodecanoylaminofluorescein Di-β-D-

Galactopyranoside 

CGGA Chinese Glioma Genome Atlas 

DCF 2’,7’-dichlorofluorescein 

DCFH-DA 2’,7’-dichlorofluorescein diacetate 

DLGPA 5 Disks Large Associated Protein 5 

DMEM Dulbecco’s modified Eagle’s medium 

DMSO Dimethyl sulfoxide 

EDTA Ethylenediaminetetraacetic acid 

EMT Epithelial-mesenchymal transition 

ER Endoplasmic reticulum 

ERK1/2 Extracellular signal-regulated kinase ½ 

FACS Fluorescence activated cell sorting 

FBS Fetal bovine serum 

FCCP carbonyl cyanide 4-(trifluorometh-

oxy)phenylhydrazone 

GBM Glioblastoma 

GO Gene ontology 

MEM Minimum essential medium 

MFI Median fluorescence intensity 

MGMT O-6-methylguanine-DNA methyltrans-

ferase 

OCR Oxygen consumption rate 

OXPHOS Oxidative phosphorylation 

PI Propidium iodide 

RIPA buffer Radioimmunoprecipitation assay buffer 

ROS Reactive oxygen species 

TBST Tris-buffered saline with Tween 20 

TMZ Temozolomide 

VEGF Vascular endothelial growth factor 

 

INTRODUCTION 

Glioblastoma (GBM) is the most common 

type of malignant primary brain tumor, ac-

counting for almost half of all primary malig-

nant central nervous system tumors (Ostrom 

et al., 2018). The typical clinical management 

strategy for patients with GBM is a multi-

modal approach that includes maximal safe 

resection, radiotherapy, and temozolomide 

(TMZ) therapy. However, the median sur-

vival time of GBM patients is still less than 

15 months even after treatment with surgical 

resection, concurrent chemoradiotherapy, and 

adjuvant chemotherapy with TMZ (Ostrom et 

al., 2018; Wen and Kesari, 2008). Other ther-

apies, such as bevacizumab, a humanized 

anti-vascular endothelial growth factor 

(VEGF) antibody, have failed to show a sur-

vival benefit in patients with newly diagnosed 

GBM (Gilbert et al., 2014). Regarding immu-

notherapies, no innovation with existing im-

munotherapeutic approaches has been devel-

oped for GBM (Lim et al., 2018; Sampson et 

al., 2020). Therefore, novel therapies for 

GBM are needed. 

Momordica charantia (bitter melon, Cu-

curbitaceae family) is a frequently consumed 

vegetable in India, Africa, and Southeast Asia 

(Fang et al., 2019; Krawinkel and Keding, 

2006). Some of the isolated components, in-

cluding momordicine I, kuguacin J, ku-

guaglycoside C, charantin, α-eleostearic acid, 

and certain proteins (RNase MC2, MAP30, α-

Momorcharin) have effective biological ac-

tivities (Dandawate et al., 2016). Bitter melon 

is attracting increasing attention because of its 

beneficial effects against obesity and type 2 

diabetes-associated metabolic disorder (Fan 

et al., 2019; Leung et al., 2009). The anti-

tumor activity of bitter melon extract was ini-

tially validated in mice in 1983 (Jilka et al., 
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1983). In addition, bitter melon extract or its 

isolated ingredients have demonstrated note-

worthy anticancer activity against skin, pros-

tate, breast, colon, bladder, and pancreatic 

cancers in several preclinical investigations 

(Raina et al., 2016). 

The extract of M. charantia can cross the 

blood‒brain barrier and exert neuroprotective 

effects, which has been supported by several 

animal studies of central nervous system 

(CNS) diseases, including studies with mod-

els of high-fat diet-induced neuroinflamma-

tion (Nerurkar et al., 2011), cerebral ischemia 

(Gong et al., 2015), epilepsy (Li et al., 2018), 

and Parkinson’s disease (Guo et al., 2021). 

To determine whether the compounds iso-

lated from M. charantia have antiglioma ef-

fects, we first chose four major compounds in 

the M. charantia extract, namely, momordi-

cine I, kuguacin J, kuguaglycoside C, and 

momordicoside I aglycone, for screening ex-

periments. Our data showed that momordi-

cine I inhibited the proliferation, migration, 

and invasion of GBM cells. In addition, 

momordicine I induced apoptotic cell death 

and altered mitochondrial oxidative phos-

phorylation (OXPHOS). We further investi-

gated whether the antiglioma mechanism of 

momordicine I is related to cell cycle modifi-

cation and whether Disks Large-Associated 

Protein 5 (DLGAP5) is the gene encoding the 

potential downstream target of momordicine 

I. Considering the results of the current study, 

we believe that momordicine I treatment has 

the potential to be a novel therapeutic strategy 

for glioma. 

 

MATERIALS AND METHODS 

Cell culture 

LN229 and GBM8401 cells were cultured 

in Dulbecco's modified Eagle's medium 

(DMEM) supplemented with 2 % fetal bovine 

serum (FBS), penicillin, and streptomycin. 

SVGp12 cells were grown in minimum essen-

tial medium (MEM) containing 10 % FBS, 

penicillin, and streptomycin. The cells were 

cultured at 37 °C and 5 % CO2 to maintain 

their viability. 

Cell lysate preparation and Western blot 

analysis 

The cells were incubated in RIPA buffer 

(100 mM Tris-HCl, 150 mM NaCl, 0.1 % 

SDS, and 1 % Triton X-100) at 4 °C for 10 

minutes for lysis. The resulting lysates were 

then centrifuged at 15,000 rpm for 10 

minutes, and the supernatants were collected. 

Normal brain lysates were procured from Or-

igene Technologies. Subsequently, 30 mi-

crograms of cell lysate from each group were 

loaded onto a 10 % sodium dodecyl sulfate-

polyacrylamide gel for electrophoresis. The 

proteins were transferred onto polyvinylidene 

fluoride membranes (Millipore, MA, USA), 

and then the membranes were blocked with 

5 % skim milk in TBST at room temperature 

for 1 hour. Antibodies were purchased from 

Cell Signaling Technology (Danvers, MA, 

USA; anti-N-cadherin), Abcam (Cambridge, 

MA, USA; anti-survivin, anti-O-6-methyl-

guanine-DNA methyltransferase (MGMT)), 

Agilent (Santa Clara, CA, USA; anti-Ki-67), 

and Atlas Antibodies AB (Bromma, Sweden; 

anti-DLGAP5). The antibodies were diluted 

to the specified ratios using enhancer kits in 

accordance with the manufacturer's guide-

lines (anti-survivin: 1:1000; anti-Ki-67: 

1:250; anti-N-cadherin: 1:1000; anti-

DLGAP5: 1:1000; anti-MGMT: 1:2000). The 

bands were visualized by employing en-

hanced chemiluminescence reagents and X-

ray film (GE Healthcare, Piscataway, NJ, 

USA). 

 

Cell viability assay 

To gauge cell viability, 3×103 LN229, 

GBM8401, and SVGp12 cells/well were 

plated in 96-well plates. The next day, the 

cells were treated with momordicine I, kugua-

cin J, kuguaglycoside C, and momordicoside 

I aglycone at specific concentrations for 48 h. 

To conduct the CellTiter 96 Aqueous One So-

lution Cell Proliferation Assay (G3581, 

Promega, Madison, WI, USA), twenty micro-

liters of MTS reagent were added to the cells, 

and they were incubated for 2-4 hours based 

on the manufacturer's instructions. Next, the 

absorbance at 490 nm was quantified with a 
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Varioskan LUX multimode microplate reader 

(Thermo Scientific, Waltham, MA, USA) 

(Tsai et al., 2019). 

 

Colony formation assay 

LN229 and GBM8401 cells (1×103) were 

plated in 6-well plates. The next day, the cells 

were treated with momordicine and incubated 

at 37 °C and 5 % CO2 for 14 days before be-

ing stained with crystal violet. To quantify 

clonogenic cell growth, ImageJ software 

(NIH, Bethesda, MD) was used, and colonies 

larger than 0.5 mm in diameter were counted. 

 

Cell proliferation, cell cycle, cellular  

apoptosis, cellular senescence, intracellular 

reactive oxygen species (ROS) generation, 

and flow cytometry assays 

To evaluate cell proliferation, LN229 and 

GBM8401 cells (5×104 cells in 6-well plates) 

were treated with momordicine I for 48 hours 

at the specified concentration and processed 

with FITC-BrdU Flow Kits following the in-

structions provided by the manufacturer (BD 

Biosciences). For the assessment of cell cycle 

distribution after momordicine I treatment, 

the DNA content was measured via fluores-

cence-activated cell sorting (FACS) as de-

scribed previously (Pozarowski and Darzyn-

kiewicz, 2004). The experimental and control 

groups were both treated with 70 % ethanol at 

4 °C and subsequently stored at -20 °C over-

night. Subsequently, the cells were rinsed 

twice with chilled phosphate-buffered saline 

(PBS) and stained in the dark with a propid-

ium iodide (PI) solution (consisting of 50 

μg/ml PI in PBS, 1 % Tween 20, and 10 μg/ml 

RNase A) for 30 minutes. The DNA content 

was then quantified by FACS (BD Biosci-

ences, San Jose, CA, USA) in two separate 

experiments. 

To analyze cellular apoptosis, a 7-AAD/ 

PE Annexin V assay was conducted in ac-

cordance with a previous description (Andree 

et al., 1990; Casciola-Rosen et al., 1996; 

Chang et al., 2017; Vermes et al., 1995). In 

brief, cells were seeded in 6-well plates. The 

next day, the cells were treated with the indi-

cated concentration of momordicine I for 48 

h. Then, the cells were collected, and the pro-

tocol was performed in accordance with the 

instructions from the manufacturer (BD Mi-

toScreen). A FACSCalibur flow cytometer 

(BD Biosciences) and Cell-Quest Pro soft-

ware (BD Biosciences) were utilized to exam-

ine all samples. 

The intracellular production of ROS was 

assessed using a 2',7'-dichlorofluorescein di-

acetate (DCFH-DA) assay. We incubated the 

momordicine I-treated cells with 10 mM 

DCFH-DA at 37 °C for 30 min. Then, we har-

vested the cells and washed them twice with 

PBS. The 2’,7’-dichlorofluorescein (DCF) 

fluorescence was analyzed by using a 

FACSCalibur flow cytometer (BD Biosci-

ences) (Cheng et al., 2016). To analyze cellu-

lar senescence via flow cytometry, 5-dodeca-

noylaminofluorescein di-β-D-galactopyra-

noside (C12FDG; D2893, Invitrogen, Thermo 

Fisher Scientific, Waltham, MA, USA) was 

utilized as a substrate, which emits fluores-

cence and becomes membrane impermeable 

when cleaved by β-galactosidase. LN229 and 

GBM8401 cells were dissociated with tryp-

sin-EDTA, washed with PBS, and incubated 

with 33 μM C12FDG in 50 μl of PBS for 1 

hour. Then, the cells were analyzed immedi-

ately using a FACSCalibur flow cytometer, 

and the fluorescence signal of C12FDG was 

measured in an FL1 detector. The β-galacto-

sidase activity was presented as the median 

fluorescence intensity (MFI) of the glioma 

population, and data were evaluated using 

FACSDiva software (Version 6.1, BD Biosci-

ences, San Jose, CA, USA) according to pre-

viously described methods (Noppe et al., 

2009; Tsai et al., 2018). 

 

Global gene expression profiling and  

biological pathway analysis 

We analyzed total RNA from LN229 and 

GBM8401 cells with Human OneArray Plus 

microarrays (Phalanx Biotech Group, Hsin-

chu, Taiwan). Then, we determined gene ex-

pression using Agilent Technologies (Santa 

Clara, CA, USA) 0.1 XDR protocol. Fold 

changes were calculated as the ratios of the 

mean values in momordicine I-treated cells to 
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the values in untreated cells. Then, the signif-

icant differentially expressed genes were sub-

jected to Gene Ontology (GO) Biological Pro-

cess analysis, which is an effective method for 

annotating genes and gene products and for 

revealing characteristic biological attributes 

based on high-throughput genomic or tran-

scriptomic data ( Gene Ontology Consortium, 

2006; Ashburner et al., 2000). The mRNA mi-

croarray data are available at the NCBI Gene 

Expression Omnibus (accession no. 

GSE231550). 

 

Bioinformatics analysis using the Chinese 

Glioma Genome Atlas (CGGA) dataset 

We used the CGGA 

(http://wwwcgga.org.cn) (Zhao et al., 2021) 

online tool to perform customizable func-

tional analyses, such as patient survival anal-

ysis, cancer and normal tissue differential ex-

pression analyses, and gene correlation anal-

yses. 

 

Measurement of the oxygen consumption 

rate (OCR) 

To measure cellular oxidative respiration, 

a Seahorse XF bioenergetic system was uti-

lized in combination with a Seahorse Cell 

Mito Stress Test Kit (Seahorse Bioscience, 

North Billerica, MA, USA). LN229 and 

GBM8401 glioma cells were seeded into an 

XFp microplate in DMEM supplemented 

with 2 % FBS and treated with momordicine 

for 24 hours over the following two days. 

Next, the medium was replaced with sodium 

bicarbonate-free DMEM supplemented with 

2 % FBS, and the OCR was measured at 

steady state. To determine the maximal and 

nonmitochondrial respiration rates, oligomy-

cin (1 μM), carbonyl cyanide 4-(trifluoro-

methoxy)phenylhydrazone (FCCP; 0.5 μM), 

and a mixture of rotenone (0.5 μM) and myx-

othiazol (1 μM) were automatically added to 

the wells, as per the manufacturer’s instruc-

tions, as part of the Seahorse Cell Mito Stress 

Test.  

Statistical analysis 

Differences between the experimental and 

control groups were estimated by Student’s t 

test. Outcomes are reported as means ± SDs 

or as stated. Statistical significance was set at 

P less than 0.05. 

 

RESULTS 

Momordicine I decreases the viability of  

glioma cells without serious cytotoxic  

effects on astrocytes 

To validate the antiglioma effect of iso-

lated compounds in M. charantia L. extract, 

we purchased momordicine I, kuguacin J, ku-

guaglycoside C, and momordicoside I agly-

cone from ChemFaces Biotechnology (Wu-

han, Hubei 430056, PRC). The molecular 

structure of each tested compound is shown in 

Figure 2a-d (top panels). To assess the cyto-

toxic properties of these four compounds in 

LN229 and GBM8401 glioma cells, we used 

an MTS assay to evaluate cell viability after 

treatment with specific concentrations for 48 

h. SVGp12 astrocytes were used as normal 

controls. As shown in Figure 2a-d (bottom 

panels), momordicine I dose-dependently 

suppressed the proliferation of GBM8401 and 

LN229 glioma cells (Figure 2a). However, 

kuguacin J, kuguaglycoside C, and momor-

dicoside I aglycone did not suppress the pro-

liferation of GBM8401 and LN229 glioma 

cells (Figure 2b-d). The half-maximal inhibi-

tory concentration (IC50) of each compound in 

SVG-p12 astrocytes, GBM8401 glioma cells, 

and LN229 glioma cells is listed in Table 1. 

Although high concentrations of momordi-

cine I reduced astrocyte viability, no signifi-

cant cytotoxic effects were observed on SVG-

p12 astrocytes. Based on these results, we 

concluded that momordicine I exerted an in-

hibitory effect on glioma cell proliferation 

without serious cytotoxic effects on astro-

cytes. 

http://wwwcgga.org.cn/
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Figure 2: Cytotoxic effect of isolated M. charantia L. compounds on SVGp12 astrocytes and 
LN229 and GBM8401 glioma cells. (a-d, top panels) Molecular structure and molecular weight of each 
tested compound. SVGp12 astrocytes, LN229 glioma cells, and GBM8401 glioma cells were treated 
with momordicine I, kuguacin J, kuguaglycoside C, and momordicoside I aglycone for 48 h. Among the 
compounds, momordicine I exerted the strongest cytotoxic effect on LN229 and GBM8401 glioma cells 
in the MTS assay. All experiments were performed three times. The blue line indicates the IC50. The 
data are presented as means ± standard errors of the means (SEMs). 

 

Table 1: IC50 values of the indicated compounds 
in SVGp12 astrocytes and GBM8401 and LN229 
glioma cells 

 
 

Momordicine I suppresses colony formation 

by human glioma cells 

To understand the morphological change 

in glioma cells in the presence of momordi-

cine I, we observed cell morphology after 

treatment with specific concentrations of 

momordicine I 48 h after treatment. The per-

centages of viable LN229 and GBM8401 

cells decreased as the concentration of 

momordicine I increased (Figure 3a). To as-

sess the long-term antiglioma effect of 

momordicine I, we performed colony for-

mation assays using LN229 and GBM8401 

cells treated with momordicine I. The 

findings revealed that momordicine I inhib-

ited colony formation in both GBM cell lines 

in a concentration-dependent manner (Figure 

3b). 

 

Momordicine I suppresses proliferation and 

induces apoptotic death in human glioma 

cells 

To further examine the impact of momor-

dicine I on cell proliferation, we performed a 

BrdU incorporation assay with flow cytome-

try. As shown in Figure 4a, momordicine I 

dose-dependently inhibited proliferation in 

both glioma cell lines, as verified by BrdU 

flow cytometry analysis (with a decrease in 

the number of proliferating LN229 cells from 

31.57 % to 0.14 % and 26.79 % to 0.74 % in 

GBM8401 cells). In addition, crude extracts 

of bitter melon induced apoptotic death in 

various cancer cell lines. Thus, we tested 

whether momordicine I induces apoptotic 

death in LN229 and GBM8401 cells by 7-

AAD/PE Annexin V staining with flow cy-

tometry (Figure 4b). Treatment with momor-

dicine I (6-10 μM) for 48 h dose-dependently 

induced apoptotic death in both LN229 and 

GBM8401 cells (with an increase in the 
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apoptosis rate from 7.40 % to 54.04 % in 

LN229 cells and 5.22 % to 72.82 % in 

GBM8401 cells). Moreover, we evaluated the 

expression of survivin and Ki-67 in LN229 

and GBM8401 cells after momordicine I 

treatment by immunoblotting. Momordicine I 

suppressed the expression of these proteins 

(Figure 4c). These results indicated that 

momordicine I inhibited proliferation and in-

duced apoptotic death in glioma cell lines. 

 

Momordicine I impedes the migration and 

invasion of LN229 and GBM8401 cells via 

alterations in the expression of epithelial-

mesenchymal transition (EMT) markers 

Aggressive invasion and migration are 

important features of GBM and cause poor 

differentiation between normal brain tissue 

and tumor tissue. Therefore, we tested 

whether momordicine I has inhibitory effects 

on the migration and invasion of glioma cells. 

The results of the wound healing assay and 

transwell invasion assay confirmed that 

momordicine I suppressed human LN229 and 

GBM8401 glioma cell migration (Figure 5a) 

and invasive ability (Figure 5b). Moreover, a 

reduction in the expression of the mesenchy-

mal marker Twist was found in momordicine 

I-treated glioma cells (Figure 5c). 

 

 

 

Figure 3: Momordicine I suppresses colony formation by LN229 and GBM8401 cells. (a) Repre-
sentative images of LN229 and GMB8401 glioma cells in the absence or presence of the indicated 
concentrations of momordicine I. (b) Glioma cells were incubated with DMSO or different concentrations 
of momordicine I for 14 days. The results of quantitative analysis of colony formation are shown as mean 
± SEM of 3 independent experiments. For comparison between two means, Student’s unpaired t-test 
was used. ** p<0.01; *** p<0.001. 
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Figure 4: Momordicine I reduced proliferation and induced apoptosis in GBM cell lines. (a) After 
48 hours of incubation with momordicine I, glioma cells were pulsed with BrdU and subsequently sub-
jected to flow cytometric analysis. M1, BrdU-negative cells; M2, BrdU-positive cells. Cells not pulsed 
with BrdU were used as a blank control. The results are presented as means ± SEMss (n=3); 
*** p<0.001. (b) Apoptosis assay of glioma cells treated with momordicine I by 7-AAD/PE Annexin V 
staining. The apoptotic cells (early and late stages) were identified by flow cytometry, and apoptosis 
rates are presented as percentages. The results are presented as means ± SEMss (n=3); ** p<0.01; 
*** p<0.001. (c) LN229 and GBM8401 glioma cells were treated with the indicated concentrations of 
momordicine I for 48 h; whole-cell lysates were prepared and subjected to Western blot analysis of 
survivin and Ki-67 expression. α-Actinin served as loading control. The results are presented as means 
± SEMss (n = 3); ** p<0.01; *** p<0.001. 
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Figure 5: Momordicine I suppresses the migration of LN229 and GBM8401 GBM cells. (a) 
Scratches were made in LN229 and GBM8401 glioma cell monolayers in 6-well plates, and the cells 
were cultured in the presence or absence of momordicine I for 16 h. Momordicine I-treated (6 and 10 
µM) cells had a significantly lower wound area relative than the control group in both LN229 and 
GBM8401 cells. All cells were pretreated with mitomycin C, a cell cycle inhibitor, to assess migration 
without the confounding impact of cell proliferation. The wound area was analyzed with ImageJ software, 
and the data are expressed relative to hour 0 (n≥3; * p<0.05; ** p<0.01.) (b) The invasive activity of 
LN229 and GBM8401 cells was measured by Transwell invasion assays. The results are presented as 
means ± SEMss (n≥3; * p<0.05). (c) LN229 and GBM8401 glioma cells were treated with the indicated 
concentrations of momordicine I for 48 h; whole-cell lysates were prepared and subjected to Western 
blotting and quantitative analysis, and the expression of N-cadherin, and Twist was normalized to that 
of the internal control (n=3; * p<0.05; ** p<0.01). 

 

 

Momordicine I increases intracellular ROS 

generation and senescence in glioma cells 

M. charantia extracts can induce ROS-

mediated cell death in human lung cancer and 

ovarian cancer (Chan et al., 2020; Thiagarajan 

et al., 2019). To understand the effect of 

momordicine I on ROS generation in glioma, 

we used Mito-SOX staining with flow cytom-

etry. As shown in Figure 6a, momordicine I 

dose-dependently increased intracellular ROS 

production. Furthermore, we performed a 

C12FDG assay to determine whether momor-

dicine I induces senescence in glioma cells. 

Senescence was enhanced in LN229 and 

GBM8401 cells treated with momordicine I 

(Figure 6b). Based on these results, we 

concluded that momordicine I increased intra-

cellular ROS generation and senescence in 

glioma cells. 

 

Momordicine I reduces the OXPHOS  

capacity of glioma cells 

To understand the relationship between 

momordicine I and the metabolic profile of 

glioma cells, we used the Seahorse bioana-

lyzer to test whether momordicine I affects 

the OXPHOS capacity of glioma cells. Signif-

icant decreases in OXPHOS-related parame-

ters, including the OCR, basal respiration 

rate, maximal respiratory capacity, and non-

mitochondrial respiration rate, were observed 

in both LN229 (Figure 7a, b) and GBM8401  
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Figure 6: Momordicine I increased intracellular ROS generation and senescence in glioma cells. 
(a) LN229 and GBM8401 cells were cultured with specific concentrations of momordicine I for 30 min. 
Cellular ROS levels were measured using Mito-SOX staining and flow cytometry. Unstained cells served 
as blank controls. (b) Cells were incubated for 30 min with the indicated concentrations of momordicine 
I and were then stained with C12FDG and assayed by flow cytometry. Cells without C12FDG treatment 
served as blank controls. 
 

 

(Figure 7c, d) cells treated with momordicine 

I. These data show that momordicine I regu-

lates the OCR and mitochondrial respiration. 

Thus, its antiglioma effect could be partially 

mediated through metabolic dysregulation. 

 

Momordicine I overcomes the tumorigenic-

ity of TMZ-resistant (TMZ-R) GBM cells 

GBM cells acquire chemoresistance to 

TMZ by expressing a DNA repair enzyme, 

MGMT. This is an important factor linked to 

the poor survival of patients with glioma 

(Hegi et al., 2005). The development of drug 

resistance is associated with metabolic repro-

gramming (Strickland and Stoll, 2017). Since 

momordicine I decreased the OXPHOS ca-

pacity of glioma cells, we further tested 

whether momordicine I can inhibit the growth 

of TMZ-resistant GBM cells derived from 

clinical samples (GBM1, GBM2, GBM3). As 

shown in Figure 8a, we measured the expres-

sion of the DNA repair enzyme MGMT to as-

sess whether the glioma cells had TMZ re-

sistance. MGMT expression was higher in 

TMZ-resistant LN229 and GBM8401 cells 

and in GBM1, GBM2, and GBM3 cells than 

in control LN229 and GBM8401 cells. Next, 

we used a tumor sphere formation assay to 

test whether momordicine I inhibits the 

growth of TMZ-resistant GBM cells. As 

shown in Figure 8b, momordicine I signifi-

cantly suppressed tumor sphere formation by 

TMZ-resistant human GBM cells. Based on 

these data, momordicine I could overcome the 

tumorigenicity of TMZ-resistant GBM cells. 
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Figure 7: Momordicine I regulates mitochondrial OXPHOS. The Seahorse XFe48 Extracellular Flux 
Analyzer was utilized to conduct bioenergetic analysis on glioma cells treated with momordicine I and 
DMSO as a control. CR values are plotted (a, c). Data are plotted to demonstrate the differences in the 
basal respiration rate, maximal respiratory capacity, spare respiratory capacity, and non-mitochondrial 
respiration rate (b, d). * p<0.05; ** p<0.01; *** p<0.001; n=2. 

 

 

Figure 8: Momordicine I suppressed tumor sphere formation. Representative images of spheres 
formed by temozolomide-resistant GBM cells derived from clinical specimens. (a) MGMT protein 
levels in GBM8401 cells, LN229 cells, and cells from human clinical GBM samples. Whole-cell lysates 
were prepared and subjected to Western blotting. α-Actinin served as loading control. (b) Cells were 
incubated with the indicated concentrations of momordicine I in ultralow-attachment 6-well plates for 14 
days. The data are presented as means ± SDss (n=3). Scale bars, 100 μm. * p<0.05. 
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The antiglioma effects of momordicine I on 

glioma cells may be related to cell cycle 

modification and DLGPA5 expression 

The preliminary results verified that 

momordicine I has antiglioma effects. To elu-

cidate the downstream molecular pathways, 

we utilized gene microarray analysis to iden-

tify the downstream targets and pathways 

most strongly correlated with this effect. 

LN229 and GBM8401 cells cultured with 

momordicine I for 48 h were investigated. 

Differentially expressed genes were identi-

fied as those with a greater than 3-fold differ-

ence in expression between momordicine I-

treated and untreated cells; 70 upregulated 

and 186 downregulated genes were identified 

in LN229 cells, and 49 upregulated and 131 

downregulated genes were identified in 

GBM8401 cells (Figure 9a, top panel). The 

Venn diagram demonstrates that the expres-

sion of 142 genes was influenced by momor-

dicine I in both glioma cell lines (Figure 9a, 

bottom panel). Next, we used GO enrichment 

analysis to identify the top 10 enriched bio-

logical process terms, which included cell cy-

cle, cell cycle process, and mitotic cell cycle 

(Figure 9b). Cell cycle analysis by flow cy-

tometry revealed that momordicine I led to 

G1 arrest in GBM cells (Figure 9c). The top 5 

up- and downregulated genes are shown in 

Figure 6d. After reviewing the literature and 

searching the CGGA (http://cgga.org.cn/, ac-

cessed on 25 December 2021), we confirmed 

that DLGAP5 expression was correlated with 

advanced grade and poor survival in glioma 

patients (Figure 9e). Momordicine I sup-

pressed DLGAP5 protein expression in 

LN229 and GBM8401 glioma cells (Figure 

9f), implying that this protein is the likely 

downstream target. These results indicated 

that momordicine I inhibited glioma cell sur-

vival through cell cycle modulation and that 

DLGAP5 is probably the downstream target 

of momordicine I in glioma cells. 

 

DISCUSSION 

In this study, we found that momordicine 

I could decrease the viability and inhibit the 

proliferation and migration of glioma cells 

through cell cycle modulation. Momordicine 

I increased intracellular ROS accumulation 

and promoted apoptosis. Moreover, momor-

dicine I regulated the OCR and mitochondrial 

respiration. We also found that momordicine 

I could overcome the tumorigenicity of TMZ-

resistant GBM cells. Finally, we revealed that 

the antiglioma effect of momordicine I may 

be related to decreased DLGAP5 expression 

and cell cycle disturbance. 

Extracts from M. charantia have anti-

cancer activity, and the effects of several iso-

lated components on glioma cells have been 

examined. First, Wang et al. reported that cha-

rantagenin D, a compound derived from the 

fruit of M. charantia L., showed significant 

cytotoxic effects on U87 cells (Wang et al., 

2012). Second, Manoharan et al. indicated 

that the protein α, β momorcharin, isolated 

from M. charantia, reduced the viability of 

1321N1 astrocytoma and U87-MG glioma 

cells by increasing apoptotic activity through 

a mechanism involving augmented caspase-3 

and 9 expression and cytochrome c release 

(Manoharan et al., 2014). Third, Jiang et al. 

reported that Momordica anti-human immu-

nodeficiency virus protein of 30 kDa 

(MAP30), a protein isolated from M. char-

antia, inhibited the growth and invasion of 

U87 and U251 cells in a dose- and time-de-

pendent manner. They also discovered that 

MAP30 induced apoptosis by inhibiting the 

Wnt/β-catenin signaling pathway (Jiang et al., 

2018). Our study is the first to determine that 

one of the compounds isolated from M. char-

antia extracts, momordicine I, exerts an an-

tiglioma effect related to cell cycle modula-

tion, inhibited DLGAP5 expression, and sup-

pressed OXPHOS activity. Further in vivo ex-

periments should be conducted to clarify the 

therapeutic effect of momordicine I in glioma 

treatment. 

Metabolic reprogramming contributes to 

the development of drug resistance (Strick-

land and Stoll, 2017). The predominant meta-

bolic shift that enables cancer cells to exhibit 

prolonged survival is the adjustment to aero-

bic glycolysis, which is characterized by low 

oxygen consumption, high lactate production, 

http://cgga.org.cn/
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Figure 9: Genes exhibiting differential expression in LN229 and GBM8401 cells following a 48-
hour incubation with momordicine I. (a) Numbers of differentially expressed genes with a greater 
than 3-fold change in expression in LN229 cells and GBM8401 (top panel). Venn diagram showing that 
the expression of 142 genes was affected by momordicine I in both glioma cell lines (bottom panel). (b) 
List of the top 10 enriched biological process terms associated with momordicine I treatment. The gene 
expression data were analyzed with GO enrichment analysis tools. (c) Cell cycle analysis was 
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conducted on LN229 and GBM8401 cells treated with momordicine I by PI staining and flow cytometry. 
The data are expressed as means ± SDss; n=2; * p<0.05, ** p<0.01. (d) Heatmap showing the top 5 
upregulated and downregulated mRNAs. (e) Quantification of DLGAP5 mRNA expression in patients 
with WHO grade II to grade IV tumors (e, left panel) and Kaplan–Meier survival analysis (e, right panel) 
based on DLGAP mRNA expression in the CGGA RNA sequencing dataset. (f) DLGAP5 protein levels 
in GBM8401 and LN229 cells treated with 6, 8, and 10 μM momordicine I for 48 h. Whole-cell lysates 
were prepared and subjected to Western blotting. The results are presented as means ± SEMss (n=3); 
*** p<0.001. 

 

and high glucose uptake (Poteet et al., 2013; 

Strickland and Stoll, 2017). Thus, discovering 

metabolic weaknesses in cancer cells and 

strategies to target these weaknesses is an ap-

proach to overcome therapeutic resistance in 

GBM. Sur et al. reported that bitter melon ex-

tracts inhibited glycolysis and lipid metabo-

lism in oral cancer. Additionally, they induce 

ER stress and oxidative stress-mediated cell 

death (Sur et al., 2019). In this study, we dis-

covered that momordicine I increased intra-

cellular ROS production and significantly de-

creased the OCR in glioma cells. Moreover, 

Somasagara et al. found that bitter melon 

juice decreased the viability of gemcitabine-

resistant pancreatic cancer cells by inhibiting 

the phosphorylation of Akt and ERK1/2, 

which are crucial in the chemoresistance of 

pancreatic cancer (Somasagara et al., 2015). 

Our data revealed that momordicine I inhib-

ited the tumorigenicity of TMZ-resistant 

GBM cells. This is the first study to reveal 

that momordicine I has the potential to mod-

ify glioma cell metabolism and to overcome 

the tumorigenicity of chemoresistant GBM 

cells. More research is needed to determine 

the targets of momordicine I in glioma cell 

metabolic reprogramming and drug re-

sistance. 

The DLGAP5 protein, also called HURP 

or DLG7, is crucially involved in cell cycle 

regulation. DLGAP5 mRNA was found to be 

present during S phase and to persist during 

G2 and M phases (Bassal et al., 2001). During 

mitosis, DLGAP5 mediates spindle stability 

and dynamics to enable efficient kinetochore 

capture and proper interkinetochore tension, 

further promoting chromosomal congression 

(Wong and Fang, 2006; Wong et al., 2008). 

Many studies have identified the relationship 

between DLGAP5 and cancers. The 

expression of DLGAP5 has been found to be 

upregulated in several cancers, such as endo-

metrial cancer (Chen et al., 2023), ovarian 

cancer (Zhang et al., 2021), bladder cancer 

(Rao et al., 2022), hepatocellular cancer (Liao 

et al., 2013), pancreatic cancer (Ke et al., 

2020), and lung cancer (Tagal et al., 2017). 

Pancancer analysis revealed that DLGAP5 

was highly expressed in most cancers and that 

high DLGAP5 expression was significantly 

correlated with poor prognosis in cancer pa-

tients (Tang et al., 2021). The expression of 

DLGAP5 was also found to be elevated in gli-

oma. Glioma patients with high DLGAP5 ex-

pression had poor survival outcomes, and si-

lencing DLGAP5 inhibited glioma cell prolif-

eration (Zhou et al., 2021). Our data showed 

that momordicine I can induce cell cycle ar-

rest and inhibit DLGAP5 expression in gli-

oma cells, indicating that momordicine I has 

therapeutic potential in glioma treatment. 

However, the detailed mechanism by which 

momordicine I regulates DLGAP5 expression 

requires further study. 

 

CONCLUSION 

In summary, momordicine I reduced the 

viability and inhibited the proliferation and 

migration of glioma cells. Momordicine I in-

duced cell cycle arrest by targeting DLGAP5 

in glioma cells. Furthermore, momordicine I 

exhibited the potential to reprogram glioma 

cell metabolism and to suppress the tumor-

igenicity of TMZ-resistant GBM cells. Con-

sidering the poor survival outcomes of GBM 

patients, our novel results have translational 

potential in treating this malignant CNS tu-

mor.
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