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Abstract. α‑Momorcharin (α‑MMC) and momordica 
anti‑human immunodeficiency virus protein (MAP30), 
produced by Momordica charantia, are ribosome‑inactivating 
proteins, which have been reported to exert inhibitory effects 
on cultured tumor cells. In order to further elucidate the func-
tions of these agents, the present study aimed to investigate the 
effects of α‑MMC and MAP30 on cell viability, the induction 
of apoptosis, cell cycle arrest, DNA integrity and superoxide 
dismutase (SOD) activity. α‑MMC and MAP30 were purified 
from bitter melon seeds using ammonium sulfate precipita-
tion in combination with sulfopropyl (SP)‑sepharose fast flow, 
sephacryl S‑100 and macro‑Cap‑SP chromatography. MTT, 
flow cytometric and DNA fragmentation analyses were then 
used to determine the effects of α‑MMC and MAP30 on 
human lung adenocarcinoma epithelial A549 cells. The results 
revealed that A549 cells were sensitive to α‑MMC and MAP30 
cytotoxicity assays in vitro. Cell proliferation was significantly 
suppressed following α‑MMC and MAP30 treatment in a 
dose‑ and time‑dependent manner; in addition, the results 
indicated that MAP30 had a more potent anti‑tumor activity 
compared with that of α‑MMC. Cell cycle arrest in S phase and 

a significantly increased apoptotic rate were observed following 
treatment with α‑MMC and MAP30. Furthermore, DNA integ-
rity analysis revealed that the DNA of A549 cells was degraded 
following treatment with α‑MMC and MAP30 for 48 h. The 
pyrogallol autoxidation method and nitrotetrazolium blue chlo-
ride staining were used to determine SOD activity, the results 
of which indicated that α‑MMC and MAP30 did not possess 
SOD activity. In conclusion, the results of the present study 
indicated that α‑MMC and MAP30 may have potential as novel 
therapeutic agents for the prophylaxis and treatment of cancer.

Introduction

Momordica charantia, also known as bitter gourd, is a widely 
cultivated crop in Asia and Africa, which has been used in the 
traditional medicinal systems of numerous cultures, including 
those of South Asia, China and South America, for health mainte-
nance and the treatment of chronic diseases (1‑4). α‑Momorcharin 
(α‑MMC) and momordica anti‑human immunodeficiency virus 
protein (MAP30), extracted from Momordica charantia seeds, 
are members of the type‑I ribosome‑inactivating protein (RIP) 
family, which inactivate ribosomes via depurination of the 
adenine base at position 2543 of 28S ribosomal (r)RNA, inhib-
iting ribosomal protein synthesis in cells (5‑7). In addition to 
its N‑glycosidase activity, MAP30 has been reported to inhibit 
human immunodeficiency virus (HIV) integrase, topologically 
inactivate viral DNA irreversibly as well as selectively attack 
tumor‑transformed and HIV‑infected cells (8‑12). In addition, 
α‑MMC has been demonstrated to have significant anti‑tumor 
bioactivites (13,14). Certain RIPs have been reported to exhibit 
superoxide dismutase (SOD) activities; SOD is an indispensable 
antioxidant, which removes O2

‑ in order to prevent damage to 
the body (15,16). However, there are a limited number of studies 
which have reported the SOD activity of RIPs extracted from 
Momordica charantia (17). Deciphering the molecular mecha-
nism by which α‑MMC and MAP30 impart their protective 
anti‑tumor effects is important as it may elucidate novel thera-
peutic methods for interfering with cancer development. The 
present study aimed to investigate the effects of α‑MMC and 
MAP30 on cell viability, the induction of apoptosis, cell cycle 
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arrest and DNA degradation in human A549 lung adenocarci-
noma epithelial cells. In addition, the SOD activities of α‑MMC 
and MAP30 were determined using pyrogallol autoxidation 
methods and nitrotetrazolium blue chloride (NBT) staining.

Materials and methods

Materials. Acr, Bis, trypsin, RNase A, propidium iodide, 
MTT and NBT were obtained from Sigma  (St.  Louis, 
MO, USA) and bitter melon seeds were obtained from the 
Institute of Agricultural Science and Technique of Sichuan 
Province (Chengdu, China). Protein makers were purchased 
from New England Biolabs (Ipswich, MA, USA). NaH2PO4, 
Na2HPO4, NaCl, acetic acid, ammonium sulfate, SDS, dimeth-
ylsulfoxide, ethanol, phenol, Tris and EDTA were purchased 
from Sinopharm Chemical Reagent Company (Shanghai, 
China). Coomassie brilliant blue R‑250 was purchased from 
XiYa Company (Chengdu, China). Proteinase K was obtained 
from Merck Millipore (Darmstadt, Germany). Agarose was 
purchased from Amresco LLC (Solon, Ohio, USA). Human 
lung adenocarcinoma epithelial A549 cells and human liver 
carcinoma  HepG‑2  cells were provided by the American 
Type Culture Collection (Manassas, VA, USA). The 96‑well 
plates were purchased from Corning Inc. (Corning, NY, 
USA) and cisplatin was the product of Qilu Pharma (Jining, 
China). Dulbecco's modified Eagle's medium (DMEM) was 
obtained from Gibco‑BRL  (Carlsbad, CA, USA). Bovine 
serum albumin was purchased from Hyclone Laboratories, 
Inc.  (Logan, UT, USA). Sulfopropyl (SP)‑sepharose fast 
flow (FF), sephacryl S‑100 and macro‑Cap‑SP were obtained 
from GE Healthcare  (Little  Chalfont, UK). The inverted 
microscope Olympus  CKX41SF (Olympus, Tokyo, Japan) 
and the Unico UV‑2012 PC spectrophotometer (Shanghai 
Unico Instrument Corp., Shanghai, China) were used. 
BT100M peristaltic pump was purchased from Chuangrui 
(Baoding, China). POWER‑PAC300 electrophores and the 
Bio‑Rad 680 microplate spectrophotometer were obtained 
from Bio‑Rad Laboratories Inc.  (Hercules, CA, USA). A 
JY‑02S UV‑transilluminator was obtained from YunYi 
(Beijing, China) and the Cytomics FC 500 flow cytometer was 
purchased from Beckman Coulter, Inc. (Fullerton, CA, USA).

Purification of α‑MMC and MAP30. Unless specifically stated, 
all steps in the process of purification were performed at 4‑6˚C. 
According to the purification method of α‑MMC and MAP30, 
as previously described  (18), the powder from bitter melon 
seeds was extracted with 20 mM pH 6.5 phosphate buffer (PB) 
with 0.15 M NaCl for 12 h and then centrifuged at 1,000 x g 
for 30 min. Following adjustment of the pH of the supernatant 
to 3.6 using acetic acid, it was centrifuged at 1,000 x g for 
15 min. The supernatant was then neutralized to pH 7 with 
1 M PB and fractionated using precipitation with ammonium 
sulfate (30‑60%). The precipitate was dissolved and dialyzed 
against 20 mM PB (pH 7.0) and the dialyzed sample was passed 
through the SP‑sepharose FF column, equilibrated with the 
dialysis buffer and eluted with 20 mM PB (pH 6.5) containing 
0.15 M NaCl. The eluted protein was then loaded onto the 
sephacryl S‑100 and macro‑Cap‑SP columns in sequence and 
eluted using a linear gradient of 0.05‑0.15 M NaCl in 20 mM PB 
(pH 6.0), with a flow rate of 1 ml/min achieved using a BT100M 

peristaltic pump which was incorporated into the chromato-
graphic column. The two peaks with 30 kDa proteins were 
analyzed using 12% SDS‑PAGE, the fractions of which were 
collected and diluted to a volume of ~10 ml and stored at 4˚C 
until further use. The protein concentrations were determined 
using the method previously described by Lowry (19) and the 
N‑terminal amino acid sequences were determined using the 
Edman degradation method (20).

Cytotoxicity assay. An MTT assay was used to determine 
the effects of α‑MMC and MAP30 on cell viability and 
proliferation in vitro. A549 and HepG‑2 cells were cultured 
in DMEM supplemented with 10% fetal bovine serum and 
maintained in an incubator at 37˚C with 5% CO2. Cells were 
trypsinized, diluted to 2x104/ml and then seeded into a 96‑well 
plate (100 µl per well). Following incubation at 37˚C for 12 h, 
cells were exposed to various concentrations of α‑MMC and 
MAP30 (0.5, 1, 2, 4 and 8 µM) for 24, 48, 72 and 96 h; controls 
were administered equivalent amounts of phosphate‑buffered 
saline (PBS). MTT was then added to each well and the plates 
were incubated at 37˚C for 4 h. The medium was removed 
and 100  µl  dimethylsulfoxide was added to each well; 
optical density (OD) of the solutions was then measured at 
490 nm (21). The percentage of inhibition was calculated using 
the following formula: 

Growth Inhibition = (OD490control ‑ OD490sample) x100 
	             OD490control

Cell cycle arrest analysis. A549 cells (2x105 per well) were 
seeded into a six‑well plate and incubated at 37˚C for 12 h. 
Cells were then treated with 4 µM α‑MMC and MAP30. 
Following incubation for 48 h, the cells (both viable and 
nonviable) were collected, washed twice with cold PBS and 
then fixed in 70% ethanol at ‑20˚C overnight. Harvested cells 
were then washed twice with cold PBS and resuspended in 
500 µl PBS containing 50 µg RNaseA and 10 µg propidium 
iodide, followed by incubation at 37˚C for 30 min (22). Cell 
cycle analysis was performed using flow cytometery.

DNA fragmentation analysis. A549 cells were cultured to 
~70% confluence and treated with α‑MMC and MAP30 at 
concentrations of 1 and 4 µM for 48 h. Cisplatin was used as 
positive control at a concentration of 1 µM under identical 
conditions. Viable and nonviable cells were collected and 
washed twice with cold PBS, then resuspended in 0.5 ml DNA 
extraction buffer (100 mM Tris, 100 mM EDTA, 200 mM 
NaCl and 2% SDS) containing 100 mg/ml proteinase K and 
incubated at 55˚C for 3 h. DNA was extracted using phenol 
and precipitated with 95% ethanol for 2 h at ‑20˚C. The solu-
tion was centrifuged at 10,000 x g at 4˚C for 15 min and the 
pellet was then air‑dried and dissolved in 20 µl Tris/EDTA 
containing 20 µg/ml RNase; DNA was then electrophoresed 
over 2% agarose gel in Tris‑acetate‑EDTA buffer. The bands 
were visualized and images were captured using an ultra-
violet (UV) transilluminator (23).

Determination of SOD activity. All experiments were performed 
at 25˚C. The initial solution consisted of 10 µl 180 mM fresh pyro-
gallol solution in 3 ml 0.1 M Tris‑HCl (pH 8.2) and the increase 
in the OD of the mixture was recorded over 3 min at 420 nm in 
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a UV spectrophotometer. In a separate solution, 10 µl 180 mM 
pyrogallol solution was added to 3 ml 0.1 M Tris‑HCl (pH 8.2) 
containing α‑MMC, MAP30 or crude extract solution at the 
final concentration of 10 µM. The rates of pyrogallol autoxida-
tion in each solution were then measured. SOD activity was 
defined as the amount of enzyme that inhibited the pyrogallol 
autoxidation by 50% (24).

Determination of SOD activity using PAGE‑NBT staining. 
The samples of α‑MMC, MAP30 and crude extract were 
loaded onto 4‑12% (w/v) gradient polyacylamide gels. 
Following electrophoresis, half of the gels were stained using 
375 µM NBT solution. Following 45 min of incubation in 
the dark, the gel was then exposed to light in 50 mM PB 
(pH 7.8) containing 28 µM riboflavin, 28 mM tetrameth-
ylethylenediamine and 10 mM EDTA‑Na2 for 30 min (25). 
Simultaneously, the remaining half of the gels were stained 
with Coomassie brilliant blue R‑250.

Statistical analysis. SPSS version 15.0 statistical soft-
ware and Studen't t‑test were used for analysis. Values are 
presented as the mean ± standard error of the mean or mean 
value ± standard deviation. P<0.05 was considered to indi-
cate a statistically significant difference between values.

Results

Purification of α‑MMC and MAP30. Purification of α‑MMC 
and MAP30 was performed using ammonium sulfate precipi-
tation and acidification as well as SP‑sepharose FF, Sephacryl 
S‑100 and Macro‑Cap‑SP chromatography. A total of 
210 mg α‑MMC and 100 mg MAP30 were obtained from 200 g 
starting material seeds. SDS‑PAGE was then used to assess 
the protein fractions of α‑MMC and MAP30 (Fig. 1). In addi-
tion, Edman degradation analysis revealed that the N‑terminal 
sequences of the purified proteins, N‑Asp‑Val‑Ser‑Phe‑Arg 
and N‑Asp‑Val‑Asn‑Phe‑Asp, were consistent with the theo-
retical sequences of α‑MMC and MAP30.

Inhibitory effects of α‑MMC and MAP30 on the prolifera‑
tion of A549 and HepG‑2 cells. As shown in Fig. 2, following 

treatment with α‑MMC or MAP30, the viability of A549 and 
HepG‑2 cells was decreased in a time‑ and dose‑dependent 
manner, with significant cell growth inhibition at 72 and 96 h 
post‑treatment as well as all concentrations ≥2 µM α‑MMC 
or MAP30. In addition, the results indicated that MAP30 
exhibited more potent anti‑tumor effects compared to those 

Figure 1. SDS‑PAGE of crude extracts, α‑MMC and MAP30. Lanes 
are as follows: 0, protein marker; 1, crude extract; 2, 15 µg α‑MMC; and 
3, 15 µg MAP30. α‑MMC, α‑momorcharin; MAP30, momordica anti‑human 
immunodeficiency virus protein.

Figure 2. Inhibitory effects of α‑MMC and MAP30 on the proliferation 
of A549 and HepG‑2 cells relative to the growth of the control. An MTT 
assay was used to determine the growth inhibition rates of cells treated 
with α‑MMC and MAP30. (A) A549 and (B) HepG‑2 cells were treated 
with various concentrations of α‑MMC or MAP30 (0.5, 1, 2, 4 and 8 µM) 
for 72 h. (C) A549 and (D) HepG‑2 cells were treated with 8 µM α‑MMC 
or MAP30 for 24, 48, 72 and 96 h. Values are presented as the mean ± stan-
dard deviation (n=4). *P<0.05 vs. control (0). α‑MMC, α‑momorcharin; 
MAP30, momordica anti‑human immunodeficiency virus protein.

  A

  B

  C

  D
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of α‑MMC. As shown in Fig. 3, phase contrast microscopy 
revealed that untreated  cells grew well and displayed 
extended and flat cell shape, whereas  cells treated with 
α‑MMC or MAP30 for 72 h demonstrated typical apoptotic 
morphological changes, including shrinkage, blebbing and 
loss of membrane asymmetry.

α‑MMC and MAP30 treatment significantly increase cell 
cycle arrest. Flow cytometric analysis demonstrated a signif-
icantly increased rate of cell cycle arrest of A549 cells in 
S phase following treatment with 4 µM α‑MMC or MAP30 
for 48 h (Fig. 4). In addition, the results showed that treated 
cells had a decreased proportion of cells in G0/G1 phase and 
G2/M phase; furthermore, the appearance of hypodiploid 
peaks in the treated groups indicated a large number of apop-
totic cells (Fig. 4B and C).

DNA fragmentation analysis. As shown in Fig. 5, following 
exposure of A549 cells to α‑MMC or MAP30 at concentra-
tions of 1 and 4 µM for 48 h, gel electrophoresis did not 
reveal any typical apoptotic DNA fragmentation pattern in 
A549 cells. Instead, DNA was shown to be degraded into 
small fragments, which increased in a dose‑dependent 
manner. However, following treatment of A549 cells with 
cisplatin, a typical apoptotic pattern was observed.

Analysis of SOD activity by pyrogallol autoxidation and 
NBT‑PAGE. The rate of pyrogallol autoxidation was 0.056 min‑1 
in the reaction system without RIPs and 0.028 min‑1 in the 
same reaction system containing 330 µg/ml total protein of 
crude extract, which indicated that the SOD activity of crude 
extract was ≤75 U/ml. However, when the concentrations of 
α‑MMC or MAP30 were the same as that of crude extract in 

Figure 3. Effects of α‑MMC and MAP30 on the micro‑morphology of A549 cells (magnification, x200). (A) Untreated cells, (B) cells treated with 8 µM α‑MMC 
and (C) cells treated with 8 µM  MAP30 for 72 h. α‑MMC, α‑momorcharin; MAP30, momordica anti‑human immunodeficiency virus protein.

Figure 4. DNA flow cytometric analysis. A549 cells were treated with 4 µM α‑MMC or MAP30 for 48 h and analyzed by flow cytometry. Percentages 
of cells in G0/G1, S and G2/M phase were calculated and are represented within the histograms. α‑MMC, α‑momorcharin; MAP30, momordica anti‑human 
immunodeficiency virus protein.

Table I. Comparison of the SOD activity of the crude extract of bitter melon seeds, MAP30 and α‑MMC.

Sample	 Concentration (µg/ml)	 Autoxidation rate (ΔOD/min)	 SOD activity (U/ml)

Crude extract	 330	 0.028±0.0006a	 75±2.3
  MAP30	 330	 0.056±0.0003	 0
  α‑MMC	 330	 0.056±0.0002	 0
  Control	‑	  0.056±0.0002	 0

SOD activity of α‑MMC and MAP30 was not detected at concentrations of 330 µg/ml, while the SOD activity of crude extract was measured 
to be ~75U/ml under identical conditions. aP<0.05 vs. control. SOD, superoxide dismutase; α‑MMC, α‑momorcharin; MAP30, momordica 
anti‑human immunodeficiency virus protein.
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the reaction system, the rate of pyrogallol autoxidation was 
0.056 min‑1, indicating that α‑MMC and MAP30 did not have 
SOD activity (Table I).

As shown in Fig. 6, following staining with NBT, the lane 
of the crude extract from Momordica charantia revealed an 
SOD activity band; however, a SOD activity band was not 
observed in the sites corresponding to α‑MMC and MAP30. 

Discussion

At present, numerous types of chemotherapeutic agents are 
used in cancer therapy, which kill cells through mechanisms 
other than apoptosis. This may not always be a preferable way 
of cancer management, as it may result in adverse effects. 
However, certain RIPs have been reported to exhibit minimal or 
no adverse effects on normal cells as they recognize membrane 
features which are unique or dominant in tumor cells (26); 
for example, MAP30 was reported to be non‑toxic to human 
spermatozoa at the doses at which it inhibited human immu-
nodeficiency virus‑1 and the herpes simplex virus (27). This 
therefore indicated that α‑MMC and MAP30 may serve as 
novel agents for the prophylaxis and treatment of cancer. The 
present study investigated the anti‑tumorigenic mechanisms 
of α‑MMC and MAP30 extracted from Momordica charantia 
seeds, as well as determined whether they exhibited SOD 
activity. The results of the present study showed that MAP30 
and α‑MMC induced cell cycle arrest and subsequent apoptotic 
death in A549 cells in a dose‑ and time‑dependent manner. 
In addition, the results demonstrated that SOD activity was 
not observed in solutions containing α‑MMC and MAP30, 
whereas SOD activity was observed in the reaction systems 
containing crude extract from Momordica charantia.

In the present study, following treatment with α‑MMC and 
MAP30, significant cytotoxic effects were observed in A549 
and HepG‑2 cells, including significant growth inhibition and 
increased apoptosis, which were most significant in the 8 µM 
treatment groups. In addition, phase contrast microscopy 
revealed that terminal stage apoptotic cells and necrotic cells 
were dominant following treatment with α‑MMC and MAP30 
for 72 h. Furthermore, the results indicated that MAP30 had a 

more potent anti‑tumor effect compared with that of α‑MMC, 
whose proportion in Momordica charantia seeds was twice of 
that of MAP30.

Apoptosis is an essential regulatory mechanism in the 
behavior of mammalian cells in numerous situations  (28). 
The apoptotic program is characterized by particular 
morphological features, which differ from those of necrotic 
cell death (29‑32). In the present study, following treatment 
of A549 cells with α‑MMC and MAP30, numerous typical 
features of the apoptotic pathway were observed, including 
cell shrinkage, alteration of internal membrane of the mito-
chondria and the formation of apoptotic bodies. However, a 
classical DNA fragmentation pattern was not observed using 
agarose gel electrophoresis following treatment with α‑MMC 
or MAP30. One explanation for this may be that RIPs, 
including α‑MMC and MAP30, may recognize DNA as well 
as RNA as substrates for hydrolysis (33).

In the present study, an accumulation of cells in S phase 
and a decline in the G0/G1 and G2/M phase populations was 
observed following treatment with α‑MMC and MAP30. This 
may be due to rRNA damage induced by the two RIPs. Cells 
with damaged ribosomes are unable to transition from S phase 
into G2/M phase, which in turn affects DNA synthesis. The 
effects of α‑MMC and MAP30 on S phase cell cycle arrest in 
A549 cells indicated their potential use as novel therapeutic 
agents for the control of cancer growth, as the majority of 
cancer types have been reported to have defects in one or more 
cell cycle checkpoints (34,35). In addition, in the present study, 
the presence of a subG0/G1 population amongst cells treated 
with α‑MMC and MAP30 demonstrated that these RIPs may 
induce apoptosis as a result of intracellular DNA leaking.

Molecular damage due to reactive oxygen species (ROS), 
in particular O2

‑ and its derivatives, is a primary cause of 
aging (36). The enzyme SOD converts O2

‑ into H2O2, which 
in turn is converted into H2O and O2. Therefore, SOD is 
important for health maintenance and the prevention of 
chronic diseases (37). In addition, the SOD activity of RIPs 
may enhance the potential of their future applications. In the 
present study, the SOD activity of α‑MMC and MAP30 was 
analyzed using pyrogallol autoxidation and NBT‑negative 

Figure 5. α‑MMC‑ and MAP30‑induced dose‑dependent DNA fragmentation. 
A549 cells were treated with various concentrations of α‑MMC and MAP30 
for 72 h, then analyzed by 2% agarose gel electrophoresis. Lanes: 0, molec-
ular weight marker; 1, 1 µM α‑MMC; 2, 1 µM MAP30; 3, 4 µM α‑MMC; 
4, 4 µM MAP30; 5, control; and 6, 1 µg/ml cisplatin. α‑MMC, α‑momorcharin; 
MAP30, momordica anti‑human immunodeficiency virus protein.

Figure 6. Superoxide dismutase activity of crude extract, MAP30 and 
α‑MMC from bitter melon seeds. Lanes 1‑3 were stained with nitrotetrazo-
lium blue chloride and lanes 4‑6 were stained with Coomassie brilliant blue 
R‑250. Lanes: 1 and 4, 50 µg crude extract of bitter melon seeds; 2 and 5, 
20 µg α‑MMC; 3 and 6, 20 µg MAP30. α‑MMC, α‑momorcharin; MAP30, 
momordica anti‑human immunodeficiency virus protein.
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activity staining, the results of which revealed that, contrary to 
previous studies on other RIPs (17), α‑MMC and MAP30 did 
not induce any SOD activity.

In conclusion, the results of the present study demon-
strated that the mechanisms underlying the cytotoxic effects 
of α‑MMC and MAP30 were independent of SOD activity; 
however, the two RIPs were able to suppress the proliferation 
of tumor cells in vitro as well as induce apoptosis and cell cycle 
arrest in A549 cells. This therefore indicated that α‑MMC 
and MAP30 may be promising novel therapeutic agents for 
the prophylaxis and treatment of cancer. Future studies are 
required in order to determine the most suitable method of 
α‑MMC and MAP30 administration, possibilities of which 
include intraperitoneal injection and intratumoral treatment.
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