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The aim of this study is to determine the effects of Momordica charantia (MC) fruit aqueous extract on
the liver histopathological changes in neonatal rats streptozotocin (STZ)-induced diabetes mellitus type
Il. Diabetes mellitus was induced in one day old neonatal Sprague-Dawley rats with STZ (85 mg/kg) and
monitored for 12 weeks thereafter. The diabetic rats were separated into three groups as follows: the
diabetic control group (nSTZ), the MC treated diabetic group (nSTZ/M), and the glibenclamide treated
diabetic group (nSTZ/G). At the end of the treatment, blood glucose, serum insulin, alanine amino
transferases (ALT) and aspartate amino transferases (AST) level was measured. Malondialdehyde
(MDA) concentration was measured in the plasma and liver. The liver samples were processed for light
microscopy examination. The results showed a reduction of blood glucose, ALT and AST, and
increment of insulin level in the nSTZ/M and nSTZ/G rats. Administration of MC reduced the MDA
concentration in plasma and liver of the nSTZ/M rats. Glucose tolerance and insulin sensitivity was
improved in the nSTZ/M and nSTZ/G groups. The degenerative changes in liver were alleviated in the
nSTZ/M and nSTZ/G groups. These results suggested that MC fruit aqueous extract may have a

significant role in alleviating liver damage in the nSTZ-diabetic rats.
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INTRODUCTION

Diabetes mellitus is a systemic metabolic disorder
characterized by hyperglycemia due to deficiency of
insulin secretion or insulin action. Diabetes mellitus is
categorized into two major types, namely; non insulin
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Abbreviations: MC, Momordica charantia; STZ, streptozotocin;
nSTZ, diabetic control group; nSTZ/M, Momordica charantia
treated diabetic group; nSTZ/G, glibenclamide treated diabetic
group; ALT, alanine amino transferases; AST, aspartate amino
transferases; MDA, malondialdehyde; NIDDM, non-insulin
dependent diabetes mellitus; IDDM, insulin dependent diabetes
mellitus; GLUT4, glucose transporter 4; ELISA, enzyme-linked
immunosorbent assay; IPGTT, intraperitoneal glucose tolerance
test; IPITT, intraperitoneal insulin tolerance test.

dependent diabetes mellitus (NIDDM) and insulin depen-
dent diabetes mellitus (IDDM) (Bastaki, 2005). NIDDM or
type Il diabetes is the most common form of the disease
which is caused by impaired insulin secretion paralleled
by a progressive decline in -cell function and chronic
insulin resistance (Lupi and Del Patro, 2008). Insulin
resistance is a main reason in pathogenesis of type Il
diabetes and occurs when the cellular mechanisms fail to
respond to insulin effects (Shulman, 2000). The neonatal
rats treated with streptozotocin (STZ) on the first day of
birth showed hyperglycemia and reduction in pancreatic
insulin amount during neonatal period and which could be
maintained up to adulthood. This diabetic rat's model
resembles the human NIDDM (Portha et al., 2007).
Chronic hyperglycemia in diabetes mellitus leads to
disorder of carbohydrate, fat and protein metabolism and
induced complications in organs (Bastaki, 2005). Diabetes
is also associated with oxidative stress that plays an



important role in the development of diabetes compli-
cations. An advanced production of free radicals due to
diabetes causes membrane damage and further promotes
lipid peroxidation (Baynes and Thorpe, 1999).

Medications such as sulfonylurea are generally utilized
in the management of type |l diabetes, however, they are
accompanied with side effects. Recently, some researchers
had manifested an increasing interest towards traditional
medicinal plants. Many traditional plants have been
identified to have hypoglycemic activities (Kim et al,
2006). One of these plants is Momordica charantia (MC),
also known as karalla or bitter melon that belongs to the
cucurbitacea family. MC is consumed in South Asia,
Africa, South America and oriental countries as a food
item and medicinal plant for treating various diseases
such as diabetes mellitus (Grover and Yadav, 2004). The
hypoglycemic activity of MC fruit extract (Miura et al.,
2001; Virdi et al., 2003), MC seed (Sathishsekar and
Subramanian, 2005) and whole plant extract (Krawinkel
and Keding, 2006) has been confirmed in experimental
animals. MC is competent in lowering fasting serum glucose
in patients with type Il diabetes (Ahmad et al., 1999) and
improving the glucose tolerance (Welihinda et al., 1986).
Previous studies had reported that MC enhances insulin
secretion (Sathishsekar and Subramanian, 2005;
Fernandes et al., 2007) and increases the number of
pancreatic B-cells in the islets of Langerhans (Ahmed et
al., 1998). There are several possible mechanisms of
hypoglycemic activity of MC. Some previous studies had
also revealed that MC increases the glucose uptake in
liver via promoting glucose-6-phosphate dehydrogenase
and declining glucose-6- phosphatase activities (McCarty,
2004). In addition, it could also increase the mRNA
expression of glucose transporter 4 (GLUT4) proteins in
skeletal muscles (Shih et al., 2009). Mahomoodally et al.
(2007) suggested that MC fruit extract can reduce
glucose transport via the brush border of small intestine
in albino rats. Wu and Ng (2008) had reported free
radical scavenging activities of MC aqueous and ethanol
extracts. The antioxidant compounds of MC include
phenolic phytochemicals and vitamins such as C and A
which were isolated from this plant (Grover and Yadav,
2004). Recently, cucurbitane-type triterpenoids were
isolated from the stems of MC and demonstrated their
antioxidant activity (Liu et al., 2010).

Majority of studies on antidiabetic activity of MC had
focused on IDDM diabetic animals. Hence, this study was
carried out to evaluate the effects of MC fruit aqueous
extract on the liver histopathology of NIDDM diabetic
neonatal rats.

MATERIALS AND METHODS
Animals
The protocol for animal experiment for this study was approved by

the Animal Care and Use Committee of Faculty of Veterinary
Medicine, University Putra Malaysia. Normal females Sprague-
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Dawley rats (200 - 250 g) were caged overnight with the normal
males. Natural birth occurred 22 days after mating. The one-day-old
neonatal rats were given a single intraperitoneal injection of STZ
(85 mg/kg) (Sigma, S0130-USA) freshly dissolved in 0.9% saline
solution (Li et al., 2004). Meanwhile, the normal control neonatal
rats received equivalent volume of 0.9% saline solution only. The
neonatal rats were placed with their own mothers for one month
and kept in suitable temperature (22 + 2°C), humidity and 12 h of
day-night cycle in polyethylene cages. The animals were
considered as diabetic only if their blood glucose concentration was
more than11 mmol/l on the second post injection day (Li et al.,
2004). Twelve weeks after STZ injection, the diabetic animals were
divided into three groups with seven animals in each group. The
treated groups were as follows: the nSTZ control group (STZ-
injected neonatal rats), the nSTZ/M group (STZ-injected neonatal
rats treated with MC fruit aqueous extract) and the nSTZ/G group
(STZ-injected neonatal rats treated with glibenclamide). Meanwhile,
the non-diabetic rats were considered as a normal control group.

Preparation of M. charantia fruit aqueous extract

Fresh green whole fruits of MC were purchased from the local
shops within 5 km radius from the preparation venue. Small pieces
of fruits were soaked in water at a ratio of 10:25 w/v for one hour at
room temperature (25+2°C). It was then filtered and evaporated by
rotary evaporator to dryness under reduced pressure to get the
yield (Virdi et al., 2003).

Mode of feeding

Treatments were given twice daily for a period of four weeks. The
extract powders were orally fed to nSTZ/M at a dosage of 20 mg/kg
body weight, while glibenclamide was orally administered in
nSTZ/G at a dosage of 0.1 mg/kg body weight (Virdi et al., 2003).

Measurement of blood glucose concentration

To detect the blood glucose level, the blood samples were collected
from the saphenous vein. The blood glucose was measured once a
week during four weeks treatment using the Accu-Chek Instant Plus
blood glucose monitor (Roche Diagnostics Corp.).

Measurement of serum insulin level

Insulin was measured at the end of four weeks treatment in the
experimental animals using the enzyme-linked immunosorbent
assay (ELISA) Rat/Mouse insulin kit (Millipore, USA).

Measurement of alanin aminotransferase (ALT) and aspartate
aminotransferase (AST) serum activities

The levels of ALT and AST serums were determined after four
weeks treatment in all the experimental rats by using the Automatic
analyzer (Hitachi 902).

Measurement of insulin sensitivity

For the measurement of insulin sensitivity, the intraperitoneal
glucose tolerance test (IPGTT) and intraperitoneal insulin tolerance
test (IPITT) were performed at the end of four weeks treatment on
the experimental groups.
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Table 1. Non-fasting blood glucose concentration changed during four weeks treatment in the
experimental animals.

Groups 1! week* 2" week* 3" week* 4™ week*
Normal 570 +0.12° 5.87 +0.23° 5.74+0.23° 5.77 +0.15°
nSTZ 8.91+0.97° 9.13+0.86° 9.54 + 099 ° 9.33+0.93°
nSTZ/M 8.19+0.68° 6.34 +0.19° 6.39 +0.23° 6.06 +0.21°
nSTZ/G 7.43+097 2 5.93+0.39° 5.84+0.4° 5.47 +0.34°

*Valus are means + SD (n=7). Different alphabet notation within column differ significantly at P<0.05.

IPGTT test

IPGTT was done at the end of four weeks treatment with minor
modifications to the method described by Goren et al., (2004).
Briefly, after an over-night fasting period, 2 g/kg glucose was intra-
peritoneally injected into all the groups at the end of four weeks
treatment. The blood glucose was measured at 15, 45 and 90 min
after the glucose injection, and the serum was analyzed for the
measurement of insulin level.

IPITT test

IPITT test was performed with minor modifications following the
method described by Wendel et al. (2008). After an over-night
fasting period, 1.5 IU/kg insulin was intraperitoneally injected into all
the groups at the end of four weeks treatment. The blood glucose
was measured at 15, 45 and 90 min after insulin injection (Wendel
et al., 2008).

Determination of malondialdehyde (MDA) concentration in
plasma

MDA concentration was assessed in the plasma of the
experimental animals after four weeks treatment following the
method described by Ohkawa et al. (1979) with slight modifications.
Briefly, a mixture of 0.3 ml plasma, 2.4 ml sulfuric acid (H.SO,) and
0.3 ml sodium tungstate dehydrate (Na,WO,) was centrifuged at
5000 rpm for 10 min. The reactive mixture was obtained by adding
450 pl distilled water, 50 pl of 2,6-di-tert-butyl-4-methylphenol
(BHT), 3 ml hydrochloric acid (HCI, 0.05 M) and 1 ml thiobarbituric
acid (TBA). It was then heated at a temperature of 95°C for 60 min.
After cooling under running water, 4 ml n-butanol was added and
centrifuged at 5000 rpm for 10 min. lts absorbance was measured
at 532 nm using the spectrophotometer (secomam, Domont,
France). The standard curve was prepared by 1,1,3,3-tetraethoxy-
propane (TEP) in different concentration (0.1 - 5 uM/lit).

Determination of MDA concentration in liver tissue

At the end of four weeks treatment, the liver samples were taken
from the animals and washed with saline solution frozen
immediately at -80°C. The tissue was homogenized in 4 ml of
potassium chloride 1.15%/g as described by Ohkawa et al. (1979).
The freshly obtained mixture (200 pl) was then added with 300 pl
water, 35 pl BHT, 165 pl sodium dodecyl sulphate (SDS) and TBA
(2 ml), and heated for 60 min at 90°C. The solution was
immediately cooled in running water. After adding 3 ml n-butanol,
the solution was centrifuged at 5000 rpm for 10 min and its
absorbance was measured at 532 nm using spectrophotometer.
The standard curved was prepared by TEP in different concentration
(2.5 - 50 puM/lit).

Tissue preparation for light microscopy

The male rats were sacrificed by being given ketamine (80 mg/kg)
and xylazine (8 mg/kg) anesthesia at the end of the treatment. The
liver tissue was examined under the light microscope. The samples
were fixed in Bouin’s solution and embedded in paraffin. The
sections were stained with hematoxylin and eosin (H and E) using
routine protocol and examined under the light microscope (Olympus
BX51, Japan). Lesions relating to histopathological changes,
hydropic swollen, cell degeneration, microvesicular vacuoles,
macrovesicular vacuoles and cell necrosis in the liver were scored
in 10 fields of each H and E-stained slide and examined under the
light microscope (x200). The histopathological findings were scored
as none (0), mild (1), moderate (2) and severe damage (3) (Guven
et al., 2006), and examined in a blinded manner.

Statistical analyses

One-way analysis of variance (ANOVA) (SPSS 15.0) and the
corresponding post hoc test were used for data analysis. All data
were expressed as mean = SD and P<0.05 were identified as
significantly different.

RESULTS

The effect of MC fruit extract on blood glucose
concentration

The diabetic rats showed a significant increase in the
blood glucose level when compared to the normal rats
(P<0.05). The administration of MC fruit extract in the
diabetic treated rats reduced the elevated levels of blood
glucose in the 2nd, 3rd and 4th weeks post-treatment
compared to the untreated diabetic control (P<0.05).
Similarly, the treated diabetic rats with glibenclamide
exhibited reduced blood glucose level in the 2nd, 3rd and
4th weeks post-treatment compared to the diabetic
control (P<0.05) (Table 1).

The effect of MC fruit extract on serum insulin level

In the nSTZ group, the serum insulin level after four
weeks treatment was lower than that of the normal group
(P<0.05). The serum insulin level in the nSTZ/M and
nSTZ/G groups was higher than that of the nSTZ group
(P<0.05) (Figure 1).
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Figure 1. Serum insulin level in non-fasting experimental animals after four weeks treatment.
Error bar = + SD (n=7). **° Bars with different alphabet notation differ significantly at P<0.05.

Table 2. Serum levels of ALT and AST after four weeks
treatment in the experimental animals.

Groups ALT (U/l)* AST (U/1)*
Normal 53.13 + 4.52° 121.61 +21.17°
nSTZ 70.53 + 6.56° 158.47 + 10.55°
nSTZ/M 53.43 +6.83° 131.14 + 13.50°
nSTZ/G 45.67 +5.53° 113.23 +7.22°

*Values are means + SD (n=7). Different alphabet notation within
column differ significantly at P<0.05.

The effect of MC fruit extract on the activity of ALT
and AST serum

As shown in Table 2, the levels of ALT and AST serums
were significantly enhanced in the nSTZ group compared
to the control (P<0.05). The results obtained from the
nSTZ/M and nSTZ/G groups showed significant decrease
in ALT and AST levels compared to the untreated nSTZ
group (P<0.05).

The effect of MC fruit extract on glucose tolerance

Impaired glucose tolerance was seen in the nSTZ group.
The blood glucose increased in the nSTZ group (24.5
1.4) peaking at 45 min after glucose injection and was
higher during 90 min after glucose was administered,
compared to the control (10 £ 0.5) (P<0.05). Significantly,
lower blood glucose level was observed in the nSTZ/M
and nSTZ/G groups during 90 min after glucose injection
when compared to the nSTZ rats (P<0.05) (Figure 2a).

The fasting serum insulin level was significantly lower in
the nSTZ group compared to the control (P<0.05).
However, the serum insulin level was significantly higher
in nSTZ/M (P<0.05) and nSTZ/G (P<0.05) than that of
the nSTZ group (Figure 2b).

The effects of MC fruit extract on insulin sensitivity

The blood glucose started to diminish after insulin was
administered. The results of IPITT showed increased
insulin sensitivity in the treated diabetic groups after four
weeks of treatment (Figure 2c). The blood glucose level
slowly decreased within 90 min after insulin injection in
the nSTZ group compared to the control (P<0.05).
However, the glucose concentrations rapidly diminished
after insulin injection in the nSTZ/M and nSTZ/G groups
compared to the untreated nSTZ group (P<0.05) and
were closed to the normal control.

The effects of MC fruit extract on plasma MDA
activity

Table 3 shows the MDA activity in the plasma of all
groups. In the nSTZ group, the activity of MDA in plasma
was significantly higher than that of the normal group
(P<0.05). Interestingly, the nSTZ/M group showed a
significant decrease in the MDA level compared to the
diabetic group (p<0.05) and was close to the normal
group. On the contrary, glibenclamide did not reduce the
increased MDA level in the nSTZ/G group compared to
the nSTZ group (P<0.05).
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Figure 2a. Blood glucose level changed during IPGTT after four weeks treatment. Error bar = £ SD
(n=7). *P<0.05 compared to the nSTZ group. **P<0.05 compared to the normal group.
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Figure 2b. Serum insulin level changed during IPGTT after four weeks treatment. Error bar = + SD (n=7).
*P<0.05 compared to the nSTZ group. **P<0.05 compared to the normal group.

The effects of MC fruit extract on the liver tissue
MDA activity

In the nSTZ group, the activity of MDA in the liver tissue
was significantly higher than that of the normal control
(P<0.05). The treated diabetic rats in nSTZ/M showed
decreased MDA activity compared to the nSTZ group
(P<0.05). There was no significant reduction in the MDA
concen-tration of liver tissue in the nSTZ/G rats when
compared to the nSTZ rats (P>0.05) (Table 3).

Histopathological findings

Figure 4 shows the structural features of hepatocytes in
the experimental animals. In the diabetic control rats,
degeneration and scattered necrotic cells, swollen cyto-
plasmic hydropic and microvesicular vacuoles were
observed. Interestingly, in nSTZ/M and nSTZ/G, the
severity extent of abnormal histological signs of hepato-
cytes was less than those of the nSTZ group (P<0.05)
(Table 4).
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Figure 2c. Blood glucose level changed during IPITT after four weeks treatment. Error bar = + SD
(n=7). *P<0.05 when compared to the nSTZ group. **P<0.05 compared to the normal group.

Table 3. Malondialdehyde (MDA) values for all groups in
plasma and liver tissues after four weeks treatment.

Groups | MDA(plasma)*umol/l | MDA(tissue) *umol/g
Normal | 1.60 +0.76° 27.2 +7.68°

nSTZ | 3.23+0.93° 45.8 +4.69°

nSTZ/M | 1.73 £ 0.74° 29.38 +5.51°
nSTZ/G | 3.27 +1.17° 39.2 +7.12%

*Values are means + SD (n=7). Different alphabet notation within
column differ significantly at P<0.05.

DISCUSSION

This study was designed to evaluate the effects of MC
fruit aqueous extract on improving the damages of liver
parenchyma in the n-STZ rats. The neonatal rats treated
with streptozotocin on the first day of birth exhibited
deficiency in insulin secretion and action similar to
NIDDM in humans (Portha et al., 2007). The results of
this study showed a significant effect of MC fruit extract in
reducing the blood glucose concentration as well as
glibenclamide. Glibenclamide is one of the most widely
common used medications against hyperglycemia which
stimulates insulin secretion from B-cells through inactivation
of ATP-sensitive potassium channel (Sakamoto et al.,
2006). It also increases the number of insulin receptors
(Hribal et al., 2001). MC was found to oppose the
hyperglycemic actions in the diabetic treated rats (Virdi et
al., 2003). Previous studies had also noted the importance
of hypoglycemic components of MC, which consist of a
mixture of saponins such as charantin, insulin-like
peptides and alkaloids that are concentrated in the fruit

(Krawinkel and Keding, 2006). The results of this study
showed increased serum insulin level in the nSTZ/M and
nSTZ/G groups. Previous studies had reported increasing
serum insulin level in diabetic animals treated with MC
(Chen et al., 2003; Garau et al., 2003).1t is also reported
that MC fruit juice would enhance the number of B-cells
of pancreatic islets in diabetic treated rats (Ahmed et al.,
1998). The increase in insulin levels suggested that MC
would enhance the secretion of insulin from B-cells of
islets of Langerhans. ALT and AST are common
intracellular enzymes that increase the liver damage
induced by diabetes (Can et al., 2004). The results of this
study clearly showed the high level of ALT and AST
serums in the nSTZ group. In contrast, they were
decreased in the nSTZ/M and nSTZ/G groups. The MC
juice and alcoholic extract caused a significant decrease
in the levels of ALT and AST serums and had a
protective effect on the liver damage of diabetic treated
rats (Abdelsattarelbatran et al., 2006).

It was likely that the reduced levels of ALT and AST
serums by the MC fruit extract was an indication of
alleviation of plasma membrane damage produced by
diabetes. Cell resistant to insulin is one of the most
important factors in the initiation and development of type
Il diabetes (Zhang et al., 2008). The diabetic rats showed
significant hyperglycemia in IPGTT and IPITT compared
to the control. However, it was evident that the MC
treatment restored the plasma glucose clearance rate, in
contrast to that of the normal animal (Figures 2a and 2c).
The diabetic rats treated with glibenclamide had signifi-
cantly better glucose tolerance and clearance ability
followed by the MC treated animals. This clearly shows
that MC has the ability to improve glucose tolerance and
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Figure 3. Light microscopic photographs of the livers of experimental animals showed (A) the liver of
normal control group, (B) microvesicular fattening (arrow head), scattered necrotic cells (thick arrow)
and degeneration (thin arrow) in the nSTZ group, (C) in nSTZ/M and (D) nSTZ/G, the severity of these
changes was less than those in the nSTZ group. H&E. Scal bar 100 pm.

Table 4. Histopathological findings of liver after four weeks treatment in the experimental animals.

Groups Hydropic swollen* Necrotic cells* Microvesicular vacuole* | Macrovesicular
vacuole*
Normal 0° 0P 0P 0
nSTZ 2.9 +0.12° 1.9 +0.13% 0.4 +0.05° 0
nSTZ/M 0.9 +0.08° 0.56 +0.08° 0° 0
nSTZ/G 1.2 40.17° 0.59 +0.09° 0° 0

*Values are means + SD (n=7). Different alphabet notation within column differ significantly at P<0.05.

increase cellular insulin sensitivity as previously reported
by Miura et al. (2001) and Chaturvedi et al. (2004). The
administration of MC extract improved insulin tolerance
test (ITT) and glucose tolerance test (GTT) in the high-
fat-fed rats by the increment of skeletal muscle insulin-
stimulated IRS-1 tyrosine phosphorylation (Sridhar et al.,
2008).

The increased production of free radicals and oxidative
damage is a feature of chronic diseases such as diabetes
(Bayens and Thorpe, 1999). Hyperglycemia, due to
diabetes, leads to the production of free radicals that are
associated with the development of diabetic complications

(Traverso et al., 2004). Free radicals are extremely toxic
compounds that target biomolecules such as lipids with
unsaturated double bonds and react with these lipids
leading to lipid peroxidation. However, the increment of
lipid peroxidation has being found to be involved in
observed tissue damages in diabetes (Sathishsekar and
Subramanian, 2005). Malondialdehyde is a secondary
product and general indicator of lipid peroxidation. It was
apparent from this study that the MDA levels in liver
tissue and plasma were significantly higher in the nSTZ
group than that of the normal group. In addition, there
was possibility that the free radical generation was elevated



in the diabetic animals. Previous researches had also
reported the high level of MDA in erythrocyte ghost
membranes of diabetic patients (Ahmed et al., 2006) and
liver tissue of diabetic animals (Can et al.,, 2004).
Mahboob et al. (2005) had shown a significant elevation
in the serum MDA level of patients with type Il diabetes
mellitus. According to the results of this study, the
increment of liver tissue damage in the nSTZ group was
found to be decreased after MC fruit extract feeding. This
was in tandem with the reduction of MDA in the treated
diabetic rats with MC fruit extract. The chronic
administration of MC fruit juice decreased the MDA
concentration in the diabetic animals (Sitasawad et al.,
2000). The presence of degenerated hepatocytes and
necrotic cells are possibly associated with the generation
of free radicals in the liver of diabetic rats (Packer et al.,
2000). There is increasing evidence that free radicals
play an importance role in the initiation and progression
of liver injury (Vitaglione et al., 2004; Sun et al., 2003)
and causes apoptosis, necrosis, and regeneration in
hepatocyte and endothelial cells (Vitaglione et al., 2004).
The MC fruit extract increased the level of antioxidant
enzymes (Semiz and Sen, 2007) and could be effective
through scavenging these free radicals (Wu and Ng,
2008). Therefore, it was likely that the MC fruit extract
alleviated lipid peroxidation and tissue liver injuries
through antioxidant enzyme activity. In conclusion, the
results of this investigation revealed that the aqueous
extracts of MC fruit alleviated the histopathological
changes caused by diabetes in the liver of NIDDM rats.

ACKNOWLEDGEMENTS

The study was conducted at Universiti Putra Malaysia
and supported by the Research University Grant Scheme
(04/01/070088RU).

REFERENCES

Abdelsattarelbatran S, Elgengaihi S, Elshabrawy O (2006). Some
toxicological studies of Momordica charantia L. on albino rats in
normal and alloxan diabetic. rats. J. Ethnopharmacol. 108: 236-242.

Ahmad N, Hassan MR, Halder H, Bennoor KS (1999). Effect of
Momordica charantia (Karolla) extracts on fasting and postprandial
serum glucose levels in NIDDM patients. Bangladesh Med. Res.
Counc. Bull. 25: 11-13.

Ahmed |, Adeghate E, Sharma AK, Pallot DJ, Singh J (1998). Effects of
Momordica charantia fruit juice on islet morphology in the pancreas of
the streptozotocin-diabetic rat. Diabetes Res. Clin. Pract. 40: 145-
151.

Ahmed FN, Nagvi FN, Shafig F (2006). Lipid peroxidation and serum
antioxidant enzymes in patients with type 2 diabetes mellitus. Ann.
NY. Acad. Sci. 1084: 481-489.

Bastaki S (2005). Review Diabetes mellitus and its treatment. Int. J.
Diabetes Metabol. 13: 111-134.

Baynes JW, Thorpe SR (1999). Role of oxidative stress in diabetic
complications: a new perspective on an old paradigm. Diabetes, 48:
1-9.

Can A, Akev N, Ozsoy N, Bolkent S, Arda BP, Yanardag R, Okyar A
(2004). Effect of Aloe vera leaf gel and pulp extracts on the liver in

Abdollahi et al. 5011

type-Il diabetic rat models. Biol. Pharm. Bull. 27: 694-698.

Chaturvedi P, George S, Milinganyo M, Tripathi YB (2004). Effect of
Momordica charantia on lipid profile and oral glucose tolerance in
diabetic rats. Phytother. Res. 18: 954-956.

Chen Q, Chan LLY, Li ETS (2003). Bitter Melon (Momordica charantia)
Reduces Adiposity, Lowers Serum Insulin and Normalizes Glucose
Tolerance in Rats Fed a High Fat Diet. J. Nutr. 133: 1088-1093.

Fernandes NPC, Lagishetty CV, Panda VS, Naik SR (2007). An
experimental evaluation of the antidiabetic and antilipidemic
properties of a standardized Momordica charantia fruit extract. BMC
Complement. Altern. Med. 7: 29.

Garau C, Singh J, Cummings E (2003). Beneficial effect and
mechanism of action of Momordica Charantia in the treatment of
diabetes mellitus: a mini review. Int. J. Diabetes Metabol. 11: 46-55.

Goren HJ, Kulkarni RN, Kahn CR (2004). P Glucose Homeostasis
Tissue Transcript Content of Insulin Signaling Intermediates in Four
Inbred of Mice: C57BL/6, C57BLKS/6, DBA/2, and 129X1.
Endocrinol.145:3307-3332.

Grover JK, Yadav SP (2004). Pharmacological actions and potential
uses of Momordica charantia: a review. J. Ethnopharmacol. 93: 123-
132.

Guven A, Yavuz O, Cam M, Ercan F, Bukan N, Comunoglu C, Gokce F
(2006). Effects of melatonin on streptozotocin-induced diabetic liver
injury in rats. Acta. Histochemica, 108: 85-93.

Hribal ML, D'Alfonso R, Giovannone B, Lauro D, Liu YY, Borboni P,
Federici M, Lauro R, Sesti G (2001). The sulfonylurea glimepiride
regulates intracellular routing of the insulin-receptor complexes
through their interaction with specific protein kinase C isoforms. Mol.
Pharmacol. 59: 322-330.

Krawinkel MB, Keding GB (2006). Bitter gourd (Momordica Charantia):
A dietary approach to hyperglycemia. Nutr. Rev. 64: 331-337.

Kim JD, Kang SM, Seo BI, Choi HY, Choi HS, Ku SK (2006). Anti-
diabetic activity of SMKO001, a poly herbal formula in streptozotocin
induced diabetic rats: therapeutic study. Biol. Pharm. Bull. 29: 477-
482.

Mahboob M, Rahman MF, Grover P (2005). Serum lipid peroxidation
and antioxidant enzyme levels in male and female diabetic patients.
Singapore. Med. J. 46: 322-324.

Mahomoodally MF, Gurib-Fakim A, Subratty AH (2007). Effect of
exogenous ATP on Momordica charantia Linn. (Cucurbitaceae)
induced inhibition of D-glucose, L-tyrosine and fluid transport across
rat everted intestinal sacs in vitro. J. Ethnopharmacol. 110: 257-263.

McCarty MF (2004). Does bitter melon contain an activator of AMP-
activated kinase? Med. Hypotheses, 63: 340-343.

Miura T, Itoh C, lwamoto N, Kato M, Kawai M, Park SR, Suzuki | (2001).
Hypoglycemic activity of the fruit of the Momordica charantia in type 2
diabetic mice. J. Nutr. Sci. Vitaminol. 47: 340-344.

Liu C, Yen M, Tsang S, Gan K, Hsu H, Lin C (2010). Antioxidant
triterpenoids from the stems of Momordica charantia. Food Chem.
Toxicol. 118: 751-756.

Li L, Yi Z, Seno M, Kojima | (2004). Activin A and betacellulin: effect on
regeneration of pancreatic beta-cells in neonatal streptozotocin-
treated rats. Diabetes, 53: 608-615.

Lupi R, Del Prato S (2008). B-cell apoptosis in type 2 diabetes:
quantitative and functional consequences. Diabetes Metab. 34: 56-
64.

Ohkawa H, Ohishi N, Yagi K (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem. 95: 351-358.
Packer L, Rossen P, Tritschter HJ, King GL, Azzi (2000). Antioxidants in

diabetes management. New York: Macel Dekker, Inc.

Portha B, Movassat J, Cuzin-Tourrel C, Bailbe D, Giroix MH, Serradas
P, Dolz M, Kergoat, M (2007). Neonatally streptozotocin-induced (n-
STZ) diabetic rats: A family of type 2 diabetes models. In E. Shafrir
(Ed.) Animal Models of Diabetes: Frontiers in Research. New York.
CRC Press. pp. 223-250.

Sathishsekar D, Subramanian S (2005). Beneficial effects of Momordica
charantia seeds in the treatment of STZ-induced diabetes in
experimental rats. Biol. Pharm. Bull. 28: 978-983.

Sakamoto K, Yonoki Y, Fujioka T, Matsumura M, Mitsuta Y, Sano M,
Saito M,Nakahara T,Ishii K (2006). Disappearance of glibenclamide-
induced hypoglycemia in Wistar-Kyoto rats. Biol. Pharm. Bull. 29:
574-576.



5012 Afr. J. Biotechnol.

Semiz A, Sen A (2007). Antioxidant and chemoprotective properties of
Momordica charantia L. (bitter melon) fruit extract. Afr. J. Med. Med
Sci. 6: 273-277.

Shih C, Lin C, Lin W, Wu J (2009). Momordica charantia extract on
insulin resistance and the skeletal muscle GLUT4 protein in fructose-
fed rats. J. Ethnopharmacol. 123: 82-90.

Shulman Gl (2000). Cellular mechanisms of insulin resistance. J. Clin.
Invest. 106: 171-176.

Sitasawad SL, Shewade Y, Bhonde R (2000). Role of bittergourd fruit
juice in STZ-induced diabetic state in vivo and in vitro. J.
Ethnopharmacol. 73: 71-79.

Sridhar MG, Vinayagamoorthi R, Arul Suyambunathan V, Bobby Z,
Selvaraj N (2008). Bitter gourd (Momordica charantia) improves
insulin sensitivity by increasing skeletal muscle insulin-stimulated
IRS-1 tyrosine phosphorylation in high-fat-fed rats. Br. J. Nutr. 99:
806-812.

Sun F, Hamagawa E, Tsutsui C, Sakaguchi N, Kakuta Y, Tokumaru S,
Kojo S (2003). Evaluation of oxidative stress during apoptosis and
necrosis caused by -galactosamine in rat liver. Biochem. Pharmacol.
65:101-107.

Traverso N, Menini S, Maineri EP, Patriarca S, Odetti P, Cottalasso D,
Marinari U, Pronzato M (2004). Malondialdehyde, a Lipoperoxidation-
Derived Aldehyde, Can Bring About Secondary Oxidative Damage To
Proteins. J. Gerontol. Biol. Med. Sci. 59: 890-895.

Virdi J, Sivakami S, Shahani S, Suthar AC, Banavalikar MM, Biyani MK
(2003). Antihyperglycemic effects of three extracts from Momordica
charantia. J. Ethnopharmacol. 88: 107-111.

Vitaglione P, Morisco F, Caporaso N, and Fogliano V (2004). Dietary
antioxidant compounds and liver health. Crit. Rev. Food Sci. Nutr. 44:
575-586.

Wendel AA, Purushotham A, Liu L, Belury MA (2008). Conjugated
linoleic acid fails to worsen insulin resistance but induces hepatic
steatosis in the presence of leptin in ob/ob mice. J. Lipid Res. 49: 98-
106.

Welihinda J, Karunanayake EH, Sheriff MH, Jayasinghe KS (1986).
Effect of Momordica charantia on the glucose tolerance in maturity
onset diabetes. J. Ethnopharmacol. 17: 277-282.

Wu S, Ng L (2008). Antioxidant and free radical scavenging activities of
wild bitter melon (Momordica charantia Linn. var. abbreviata Ser.) in
Taiwan. LWT-Food Sci. Technol. 41: 323-330.

Zhang M, Lv X, Li J, Xu Z, Chen L (2008). The characterization of high-
fat diet and multiple low-dose streptozotocin induced type 2 diabetes
rat model. Int. J. Exp. Diabetes Res. 7(4): 45.



