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a b s t r a c t

A water-soluble peptide MC2-1-5 from Momordica charantia L. Var. Abbreviata Ser., with hypoglycemic
effect, was purified by ultrafiltration, gel filtration chromatography and reverse-phase high performance
liquid chromatography (RP-HPLC). The infrared (IR) spectra showed characteristic absorption peaks and
the molecular mass of MC2-1-5 was found to be 3405.5174 Da by matrix-assisted laser desorption ion-
ization time of flight mass spectrometry (MALDI-TOF-MS). The sequence of its first 10 N-terminal amino
acids was GHPYYSIKKS as determined by a protein sequencer. MC2-1-5 reduced the blood glucose level in
alloxan-induced diabetic mice by 61.70% and 69.18% at 2 and 4 h, respectively, after oral administration
at a dose of 2 mg/kg. The oral glucose tolerance test (OGTT) showed MC2-1-5 produced a reduction of
25.50%, 39.62% and 41.74% in blood glucose level after 1, 2 and 3 h, respectively, of oral administration
compared with a diabetic control.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Diabetes mellitus (DM) has been considered a major health
problem in the world today. DM is a metabolic disorder of carbohy-
drate, fat and protein metabolism characterized by elevation of
both fasting and postprandial blood glucose levels. Although differ-
ent types of synthetic oral hypoglycemic agents and insulin are
available for the treatment of DM, insulin cannot be taken orally
and the synthetic agents in use can produce serious side effects
and toxicity (Akhtar & Iqbal, 1991; Tolman & Chandramouli,
2003; Yamamoto, Nakajima, Yamazaki, & Yokoi, 2001). Hence,
the demand for safer and more effective oral hypoglycemic agents
is on the rise. In many parts of the world, traditional medicinal
plants have been used for the treatment of diabetes and therein ex-
ists a hidden wealth of potentially useful natural products for dia-
betes control (Gray & Flatt, 1997). In recent years, much attention
has been paid to the investigation of natural antidiabetic drugs
from various medicinal plants. These include Gongronema latifoli-
um (Ugochukwu & Babady, 2003), Chamaemelum nobile (Eddouks,
Lemhadri, Zeggwagh, & Michel, 2005), Rehmannia glutinosa (Zhang,
Zhou, Jia, Zhang, & Gu, 2004), Gentiana olivieri (Sezik, Aslan, Yesila-
da, & Ito, 2005), Du-Zhong (Eucommia ulmoides Oliv.) (Lee et al.,
2005), Calotropis Procera (Roy, Sehgal, Padhy, & Kumar, 2005), Pic-
rorrhiza kurroa (Joy & Kuttan, 1999) and Murraya koenigii (Yadav,
Vats, Dhunnoo, & Grover, 2002). Despite this, few traditional
ll rights reserved.

x: +86 510 85919625.
anti-diabetic plants have received proper scientific screening. The
World Health Organization (WHO) has recommended that this
area warrants further evaluation (World Health Organization,
1980). Such an evaluation might reveal effective dietary adjuncts
either for the treatment of DM or the discovery of natural products
for the development of new anti-diabetic drugs.

Momordica Charantia L. Var. abbreviata Ser. (MCV) belongs to a
short-fruited group of the Cucurbitaceace family. Derived from a
wild plant, it was domesticated and improved by Jiangsu High-
quality Farm Product Development Center, China and has been
successively planted over large areas. Many species of the same
genus in the Cucurbitaceace family, such as, Momordica Charantia
(Ahmed, Lakhani, Gillett, John, & Raza, 2001; Akhtar, Athar, & Ya-
qub, 1981; Cakici et al., 1994) and Momordica Cymbalaria (Rao,
Kesavulu, & Apparao, 2001) have been reported to have significant
hypoglycemic and antidiabetic effects. Furthermore, some investi-
gators have attempted to purify the active fractions from fruits of
M. charantia and reported that saponins (Lotlikar & Rajarama,
1966; Matsuda et al., 1998) and peptides (Khanna, Jain, Panagariya,
& Dixit, 1981; Nag, Medicherla, & Sharma, 2000; Zhang et al., 1980)
from it had hypoglycemic effects. Therefore, it was speculated that
there are bioactive saponins and peptides in MCV. Zhao (2005) re-
ported crude saponins in MCV could significantly lower the blood
glucose level in alloxan-induced diabetic mice. In a previous study,
it was shown that semi-purified peptides MC2-1 from MCV have
hypoglycemic effects in alloxan-induced diabetic mice (Yuan, Gu,
Tang, & Wasswa, 2008). However, the exact peptide(s) with hypo-
glycemic effect in MC2-1 remains to be established. The present
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investigation was undertaken to further purify and characterize
hypoglycemic peptide(s) from the semi-purified peptide fraction.
2. Materials and methods

2.1. Materials and chemicals

Fresh fruits of MCV were collected in July 2006 locally and
authenticated by Jiangsu Academy of Agricultural Sciences. Gliben-
clamide was purchased from Tianjin Pacific Pharmaceutical Co., Ltd
(Tianjin, China). Alloxan was purchased from Sigma Co. (St. Louis,
MO, USA). The other chemicals and reagents used in the experi-
ment were of food or analytical grade quality.

2.2. Preparation of the aqueous extract

Fresh MCV fruits were washed thoroughly and the seeds re-
moved. The fruits were sliced into approximately 1.5-in. pieces.
To 2 kg of the sliced fruits, 4 l of distilled water were added,
blended and then stirred for 8 h at 20 �C. This process was repeated
three times. The resultant slurry was centrifuged at 4000g for
20 min. The clear supernatant was concentrated under reduced
pressure in a rotary evaporator (Rotavapor R-114, Büchi Labortech-
nik AG, Flawil, Switzerland) and then freeze dried. The dried ex-
tract was stored at �15 �C prior to further analyses.

2.3. Purification of the hypoglycemic peptides in the extract

MCV aqueous extracts were utilized to purify potent hypoglyce-
mic peptide(s) and hypoglycemic effect was tested at each purifica-
tion step. The supernatant of the aqueous extract was passed
through a microfiltration (MF) membrane having a pore size of
0.2 lm (Tianjin Motian Membrane Engineering and Technology
Co., Ltd., Tianjin, China). The filtrate was subsequently passed
through an ultrafiltration (UF) membrane with 10 kDa molecular
weight cut-off (MWCO) (Tianjin Motian Membrane Engineering
and Technology Co., Ltd., Tianjin, China) and divided into a large
molecular weight fraction (MC1) and a small molecular weight frac-
tion (MC2). The two fractions were lyophilized and tested for hypo-
glycemic effect. The higher active fraction MC2 obtained after UF
was fractionated by gel filtration chromatography on a column
(2.6 cm � 150 cm, Shanghai Qingpu Huxi Instrument Factory,
Shanghai, China) of Sephadex G-25 (Pharmacia Co., Uppsala, Swe-
den). The sample was dissolved in distilled water and loaded onto
the column. The column was pre-equilibrated with distilled water
and eluted at a flow rate of 0.6 ml/min. The absorbance at 220 nm
was measured to monitor the peptide during chromatography sep-
aration. These fractions were then concentrated under reduced
pressure in a rotary evaporator (Rotavapor R-114, Büchi Labortech-
nik AG, Flawil, Switzerland) and then lyophilized. The hypoglyce-
mic effect of the six fractions was determined. The highest active
fraction was further purified on a HPLC column (Lichrospher C18

column, 10 mm � 250 mm, Jiangsu Hanbon Science and Technol-
ogy Co., Ltd., Huaiyin, China). Separation was carried out under lin-
ear gradient elution conditions using acetonitrile as the organic
modifier and trifluoroacetic acid (TFA) as the volatile buffer. Eluent
A consisted of 0.1% TFA in 5% acetonitrile (v/v) while eluent B con-
sisted of 0.1% TFA in 80% acetonitrile (v/v). The hypoglycemic frac-
tion was applied on the C18 column and eluted by increasing eluent
B concentrations, that is, 0–20 min, 0–50%B; 20–30 min, 50–100%B
and 30–40 min, 100%B. The eluent was monitored at 220 nm and
fractions or individual peaks were collected for assay of hypoglyce-
mic effect. The most active fraction was concentrated by lyophiliza-
tion and then analyzed on a HPLC column (Diamonsil C18 column,
4.6 mm � 250 mm, Beijing Dikma Technologies Co., Beijing, China)
to check its purity with a linear gradient of acetonitrile (5–80%, v/v,
in 30 min) with a flow rate of 0.5 ml/min at 220 nm.

2.4. FT-IR spectra

The purified hypoglycemic peptide was incorporated into KBr
(spectroscopic grade) and pressed into a 1-mm pellet. Spectra were
recorded in absorbance mode from 500 to 4000 cm�1 on a Nicolet
Nexus FT-IR spectrometer (Thermo Electron Co., Madison, WI,
USA).

2.5. Molecular mass determination

The molecular mass of the purified hypoglycemic peptide was
determined by a MALDI-TOF mass spectrometer (4700 Proteomics
Analyzer, Applied Biosystems, Foster City, CA, USA) equipped with
a nitrogen laser (355 nm). The spectrometer was operated in
reflection mode with delayed extraction and the acceleration volt-
age in the ion source was 20 kV. The accuracy of mass determina-
tions was within 0.02%.

MALDI–TOF MS samples were prepared as follows: a lyophi-
lized peptide was dissolved in water to a concentration of
0.5 mg/ml. Then 5 ll of the sample solution was mixed with 5 ll
matrix solution containing 10 mg a-cyano-4-hydroxycinnamic
acid. Subsequently, 2 ll of the mixture was directly spotted onto
a MALDI target plate. MALDI-TOF MS analysis was performed di-
rectly after spotting.

2.6. Amino acid sequence analysis

Automated Edman sequencing was performed by standard pro-
cedures using an automated protein sequencer (ABI491A, PE Co.,
Boston, USA) equipped with on-line HPLC to determine the N-ter-
minal amino acid sequence of the purified hypoglycemic peptide.

2.7. Hypoglycemic effect

2.7.1. Animals
Male Kunming mice weighing 25–30 g were obtained from

Shanghai SLAC Laboratory Animal Co. Ltd. (Shanghai, China). All
mice were maintained in plastic cages under standard environ-
mental conditions of temperature, relative humidity and dark/light
cycle. Mice were fed on a standard chow diet and water ad libitum.
The mice were used for experimentation after a 6-day acclimatiza-
tion period. All the experiments were done during daytime. The
guidelines for the care of animals were strictly followed through-
out the study.

2.7.2. Experimental induction of diabetes in mice
After an 18 h fasting, mice were intraperitoneally injected with

ice cold alloxan monohydrate (Sigma chemicals, St. Louis, MO,
USA) freshly dissolved in distilled water (2%) at a dose of
200 mg/kg bw (Zheng, 1999). After one week, the fasting blood glu-
cose (FBG) level of mice was measured and only mice with FBG le-
vel of between 13 mmol/l and 20 mmol/l were used for the
experiments.

2.7.3. Estimation of blood glucose level
Blood samples were collected from the mice tail tip and blood

glucose levels (BGL) were estimated using an electronic glucome-
ter (Roche Diagnostics GmbH, Mannheim, Germany).

2.7.4. Hypoglycemic effect in alloxan-induced diabetic mice
Normal and diabetic mice were randomly divided into groups of

12 mice each. After an overnight fast of the mice, the FBG level (0 h)
was measured. Then distilled water, samples tested and a reference



Table 1
Effect of fractions from HPLC chromatography on the blood glucose level in alloxan-
induced diabetic mice

Group Dosage (mg/kg) Blood glucose level (mmol/l)

0 h 2 h 4 h

Normal control – 4.63 ± 0.62 4.40 ± 0.59 4.30 ± 0.65
Diabetic control – 15.95 ± 3.01 15.83 ± 1.70 15.69 ± 2.78
MC2-1-1 2 15.85 ± 2.91 8.90 ± 0.93a 6.20 ± 0.87b

MC2-1-2 2 16.30 ± 3.07 13.01 ± 2.39 12.01 ± 2.38
MC2-1-3 2 16.23 ± 3.12 14.49 ± 2.87 13.51 ± 2.43
MC2-1-4 2 15.91 ± 3.25 13.91 ± 2.77 12.98 ± 2.73
MC2-1-5 2 16.19 ± 3.00 6.20 ± 0.71b 4.99 ± 0.66b

MC2-1-6 2 15.90 ± 2.69 14.85 ± 2.76 13.28 ± 2.60
MC2-1-7 2 15.99 ± 2.90 13.20 ± 2.12 12.30 ± 2.28
MC2-1-8 2 16.01 ± 3.09 14.20 ± 2.62 13.11 ± 2.55
MC2-1-9 2 15.99 ± 2.90 14.15 ± 2.12 12.99 ± 2.19
MC2-1-10 2 15.12 ± 2.66 13.90 ± 2.02 12.59 ± 2.22
Glibenclamide 20 16.27 ± 3.12 9.08 ± 1.92a 7.84 ± 2.68a

Values are given as mean ± S.D. for 12 mice in each group.
a P < 0.01, compared with initial value.
b P < 0.001, compared with initial value.
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drug (glibenclamide) were orally administered to the different
groups. BGL was determined at 0, 2 and 4 h after administration.

2.8. Effect of the hypoglycemic peptide on oral glucose tolerance test

Normal and diabetic mice were randomly divided into groups of
12 mice each. After an overnight fast of the mice, the FBG level was
measured. Distilled water, the hypoglycemic peptide and gliben-
clamide were orally administered to different groups. One hour la-
ter, glucose (2 g/kg) was orally administered to the mice in all
groups. BGL was measured just prior to glucose administration
(0 h) and at 1, 2 and 3 h after glucose loading.

2.9. Statistical analysis

All data were expressed as mean ± S.D. for all experiments and a
two-tailed student’s t-test was used to calculate the significant dif-
ference between groups and among group means. A p value less
than 0.05 was considered statistically significant.

3. Results and discussion

3.1. Purification of hypoglycemic peptide(s)

Alloxan-induced diabetes is a well-documented model of exper-
imental diabetes. It induces diabetes by damaging the insulin
secreting b-cells in the pancreas leading to hyperglycaemia
(Chattopadhyay, Ramanathan, Das, & Bhattacharya, 1997). In a pre-
vious study (Yuan et al., 2008), alloxan-induced diabetic mice were
used to screen the peptide(s) with hypoglycemic effect in an aque-
ous MCV extract. The results showed that semi-purified peptides
MC2-1 from Sephadex G-25 at a dose of 20 mg/kg could signifi-
cantly lower the BGL in diabetic mice. To obtain a single peptide,
MC2-1 was pooled and subjected to further purification using
RP-HPLC. Ten different fractions of MC2-1 were obtained through
RP-HPLC (Fig. 1). Among them, MC2-1-1 (Peak 1 peptide) and
MC2-1-5 (Peak 5 peptide) at a dose of 2 mg/kg could significantly
lower the BGL in diabetic mice, while other fractions had no signif-
icant effect on BGL in diabetic mice (Table 1). MC2-1-1 produced a
reduction of 43.84% and 54.57% in BGL after 2 and 4 h of oral
administration, respectively. MC2-1-5 produced a reduction of
61.70% and 69.18% in BGL after 2 and 4 h of oral administration
respectively. As shown in Fig. 1, MC2-1-1 was still a mixture of
many compounds, while MC2-1-5 was relatively pure. Moreover,
the hypoglycemic effect of MC2-1-5 was stronger than that of
MC2-1-1 at the same dosage. Therefore, MC2-1-5 was selected
for further elevation. MC2-1-5 was analyzed by analytical RP-HPLC
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Fig. 1. HPLC profile of MC2-1 from Sephad
to confirm its purity. MC2-1-5 showed a single peak at 220 nm
(Fig. 2), an indication of its high purity.

3.2. Effect of MC2-1-5 on glucose tolerance in diabetic mice

The results of OGTT are shown in Fig. 3. Among the three
groups, the initial blood glucose levels were not significantly differ-
ent. However, untreated diabetic mice had significantly higher BGL
than that in the treated diabetic mice during the OGTT. Compared
with diabetic control, MC2-1-5 (2 mg/kg) produced a reduction of
25.50%, 39.62% and 41.74% in BGL 1, 2 and 3 h, respectively, after
oral administration. Glibenclamide (20 mg/kg) produced a reduc-
tion of 9.08%, 33.74% and 28.02% in BGL 1, 2 and 3 h, respectively,
after oral administration. The results indicated that MC2-1-5 en-
hanced glucose utilization because it significantly decreased the
BGL in glucose loaded mice. This may be due to restoration of de-
layed insulin response or due to inhibition of intestinal absorption
of glucose (Pari & Saravanan, 2002).

3.3. Identification of MC2-1-5

MC2-1-5 was identified by IR, mass spectrometry and peptide
sequencing. The infrared spectra showed MC2-1-5 to have charac-
teristic absorption peaks of the peptide in the spectral region 500–
4000 cm�1 (Fig. 4). The protein amide I band (polypeptide C@O
stretching, Krimm & Bandekar, 1986) was observed as a strong
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band at 1653 cm�1, while a band of medium intensity at
1546 cm�1 was attributed to the amide II (C–N stretching and N–
H bending modes) vibrations (Beauchemin, Harnois, Rouillon, Taj-
mir-Riahi, & Carpentier, 2007). The molecular mass of MC2-1-5
was determined to be 3405.5174 Da by MALDI-TOF-MS (Fig. 5).
The small peaks at m/z 3276.4272 and 1703.2615 may be due to
impurities or peptide fragments. The hypoglycemic peptide was
then analyzed using a peptide sequencer and its sequence of the
first 10 N-terminal amino acids was identified to be GHPYYSIKKS.
Edman degradation requires peptides with high purity. However,
the separation of peptides is known to be very difficult due to their
complexity. In the present study, only the first 10 N-terminal ami-
no acid residues were determined due to the insufficient purity of
MC2-1-5. Two hypoglycemic peptides from M. charantia have been
reported. Khanna et al. (1981) extracted P-polypeptide from fruit
and seed of M. Charantia with a similar hypoglycemic effect as
insulin. The polypeptide had 166 amino acid residues and its
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molecular mass was about 11 kDa. Nag et al. (2000) found a water-
soluble insulin-like peptide in M. Charantia, which exhibited hypo-
glycemic effect in mice by oral administration and injection, while
it had no effect on serum insulin. Its sequence was KTNMKHMA-
GAAAAGAVVG. The sequence of the first 10 N-terminal amino
acids of MC2-1-5 was different from that of the peptides from M.
Charantia and therefore it was considered to be a novel hypoglyce-
mic peptide. However, the amino acid sequence of these three pep-
tides was unique making comparisons difficult. Moreover, the
hypoglycemic mechanism of these peptides may be different from
each other.

4. Conclusions

In conclusion, there was a water-soluble hypoglycemic peptide
in MCV aqueous extract. It could significantly lower the BGL in al-
loxan-induced diabetic mice. However, the complete amino acid
sequence of the hypoglycemic peptide remains to be determined.
Further studies will focus on determining the complete amino acid
sequence of MC2-1-5 and its hypoglycemic mechanism.
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