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Abstract

Pharmacotherapeutic interventions for diabetes are
expensive, hence the common use of alternative medi-
cine. Momordica charantia (MC) is a hypoglycaemic
agent used by diabetic as well as healthy people. The
glycaemic effects of this plantare however not known
in the latter, and we have therefore investigated the
effects of MC on blood glucose level in healthy rats.

Fourteen (14), 6-month-old, healthy Sprague-Daw-
ley rats were assigned to two equal groups of control
and experimental. MCjuice extract was administered
(10mL/kg) to the experimental group for 28 consecu-
tive days. To the control group, 10 mL/kg normal
saline was administered.

Fasting blood glucose (FBG) level was assessed once
a week for 4 consecutive weeks. Thereafter, a 2g/kg
intraperitoneal glucose tolerance test (IPGTT) was
performed onratsinboth groups.-FBGlevel waslower
in the experimental compared with the control group
atday 28 (2.9+0.1vs3.2+0.1 mmol/L, p=0.04). Follow-
ing IPGTT, there was an 84 % increase in glucose level
at 30 min to 7.90 £ 0.95 mmol/L which decreased by
30% at 60 min and 10% at 90 min in the experimental
group. Similarly, the control grouphad a142% increase
in glucose level at 30 min to 10.3+0.8 mmol /L which
decreased by 30% at 60 min and 16% at 90 min. In
the IPGTT the BG levels were significantly lower in
the experimental group compared with the controls
through the 180-min period of observation (3.2+0.4
vs 3.8£0.1 p <0.01).

We conclude that MC prevents fluctuations of blood
glucose level in healthy rats. Thus, it has potential
therapeutic use in the prevention and treatment of
type 2 diabetes.
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Introduction

Diabetes mellitus is a serious chronic metabolic disorder
thatimpacts greatly on the health, quality of life, and life
expectancy of patients.! Pharmacotherapeutic interven-
tions are expensive and often associated with adverse ef-
fects,hence theneed for alternative treatment modalities.
The poor quality of life in developing countries, coupled
with the huge economic burden associated with the cost
of care, adverse effects of the drugs, and the high disease
morbidity and mortality rate, make itimperative to keep
searching for alternative interventions. The increasing
use of complementary and alternative medicine (CAM)
has arisen as one such intervention.?

Momordicacharantia (MC)is one of the plants commonly
used in traditional medicine for its known glucose-low-
ering effects.*' It grows as a climber plant and belongs
to the family Cucurbitaceae. Also known as bitter melon,
balsam pear, or karela, it is widely cultivated in Africa,
Asia, and South America both as food and for medicinal
use.” Previously used methods of preparation of the
vegetable include injectable extracts, juice extracts, and
fried melon pieces.®”'? The parts commonly used include
the whole plant, fruit, and seeds, which are bitter due
to the presence of the chemical momordicin."® The hy-
poglycaemiceffect of unripe fruitjuice has beenreported
in experimental animal models,'? as well as in human
clinical trials."* Active components of the fruit include
charantin, vicine and polypeptide P, and an unidentified
insulin-like polypeptide similar in structure to bovine
insulin.®There is increasing use of MC in healthy people,
in whom its glycaemic effects are not known.

It is established knowledge that many of the con-
ventional drugs in current use were originally derived
from medicinal plants. An example is metformin, an
effective glucose-lowering drug developed from Galega
officinalis.'> Momordica charantia is widely used as food
and medicine by both diabetic and healthy people. It
has glucose-lowering effects in diabetic subjects'® but its
effects on healthy subjects have yet to be elucidated. The
present study therefore aimed to investigate the effect
of MC on the glucose profile in healthy subjects using
an animal model.

Materials and methods

Study animals

Fourteen (14), 6-month-old, non-gravid healthy female
Sprague-Dawley rats weighing between 200 and 250 g
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were used. The animals were housed in polyacrylic cages
in the animal house of the Department of Medical Physi-
ology, University of Nairobi. A 12-hour light/ dark cycle
was maintained and the animals were fed on commercial
pellets fromalocal supplier (Unga Feeds (K), Ltd). Water
was provided ad libitum. Therats wererandomly assigned
tocontrol and experimental groups of seven animals each
and allowed a 15-day acclimatisation period."” Baseline
blood glucose and body weight measurements were
taken on the first day of the experiment following the
acclimatisation period. Once daily, Momordica charantia
fruitjuice extract (10mL/kg body weight)'*was admin-
istered orally to the experimental group while an equal
dose of normal saline was given to the control group for
a period of 28 days."® All the animals were bled on days
0, 7,14, 21 and 28 by sequential incision of the tip of the
tail."” A commercially available glucometer (On Call®
Plus, Acon Industries, Inc. 4108, San Diego, USA) was
used to measure blood glucose (BG) levels.

Preparation of the extract
Fresh unripe MC fruits obtained from the local market
were identified by the Her-
barium of the University of
Nairobi. The fruits were thor-

of Medical Physiology, University of Nairobi. Animals
were handled in accordance with the guidelines of the
US National Research Council (1996) for the Care and
Use of Laboratory Animals.?

Data and statistical analysis

Datawere expressed as mean +standard error of the mean
(SEM). Student’s t-test was employed to test statistical
significance using SPSS version 16.0. Significance levels
were set at p<0.05.

Results

Effect of Momordica charantia on glucose levels
Baseline BG levels were 3.2+0.2 and 3.2+0.1 mmol/Lin
the experimental (EXP) and normal control (CONT)
groups respectively (see Table 1). However, after oral
administration of MC juice extract for 28 consecutive
days, the BG levels decreased in the EXP group (3.2+0.2
vs. 2.920.1mmol/L, p<0.05) (see Table 1 and Figure 1). In
both groups, the BG levels remained above 2.6 mmol/L
- the lower glucose limit of normal rats.?? In the CONT
group, the BG levels oscillated between 3.1+0.1 mmol /L

Figure 1 Comparison of blood glucose levels in experimental (EXP) and control (CONT)
groups after administration of Momordica charantia (error bars represent + SEM)
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Table 1: Mean blood glucose levels and percentage change after administration of

45 minutes after MC administra-
tion.?® Blood samples were col- L ) £ i i &l =
lected at 30-min intervals for 3 |EXP (mmol/L) 3.20£0.18 | 3.17+0.12 [3.10£0.14 2.99+0.15 2.93%0.12
hours for glucose measurement. |EXP glucose change (%) 0.0 -0.94 2.21 -3.55 -2.01

_ ) ) CONT (mmol/L) 3.24+0.07 [3.21+0.05 [3.26+0.06 3.14+0.05 3.19+0.03
Ethical considerations CONT glucose change (%)| 0.0 -0.93 1.56 -3.68 1.59

The study protocol was ap-

proved by the Postgraduate Re-
search Committee, Department

EXP = experimental and CONT = control groups
Values expressed as mean+SEM. p=NS. CONT v EXP in all days.
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and 3.3+0.1 mmol/L (see Table 1 and Figure 1). The glu-
cose-time curve remained consistently on a downward
trend in the test group with clear separation beginning
to appear at day 14 of extract administration.

Effect of IPGTT on blood glucose levels

Before the IPGTT, there were no significant differences in
the baseline glucose levels between the EXP and CONT
groups (4.2+0.2in CONT vs 4.3+0.4 in EXP, (see Table 2).
At a dose of 10mL/kg of MC followed by 2g/kg intra-
peritoneal glucose injection, the BGlevel in the EXP group
increased by 84% t07.9£0.9mmol /Lat30 min. Thereafter,
it decreased by 30% at 60 min and 10% at 90 min (see
Table2and Figure 2). Under similar conditions the CONT
group (on 10ml/kg normal saline) had an initial sharp
increase of 142% in glucose level to 10.3+0.8 mmol /L at
30 min, which progressively decreased by 30% at 60 min
and 16 % at 90 min. In the EXP group, whichreceived MC,
theinitial glucoselevel at30 minincreased gradually and
by a smaller margin, compared with the CONT group
(7.9£0.9 vs 10.3£0.8 mmol /L, p=NS). Thereafter the BG
level remained significantly lower in the EXP group at
60 min (5.620.6 vs 7.2+0.5mmol/L, p=0.08) and at 90 min
(5.0£0.6 vs 6.0£0.3 mmol/ L, p<0.05), respectively. Overall,
the glucose levels remained lower (but not significantly

Figure 2: Effect of Momordica charantia on the intraperitoneal glucose tolerance test

(IPGTT) in healthy rats (error bars represent +SEM; p<0.05)

s0) in the EXP group compared with the CONT group
after 180 min (3.8£0.4 vs. 3.2£0.4mmol/L, p=NS). The
decline in glucose levels was also more gradual in the
EXP group compared with the controls (see Figure 2).
Overall difference in the mean glucose levels during
IPGTT was significantly lower in the EXP group (4.8+0.2
vs 5.9+0.3mmol/L, p<0.01).

Discussion
Diabetes prevalence globally is projected at 6.4 % in 2010
and 7.7 % by 2030.” Development of diabetes results from
environmental factors acting on genetically predisposed
individuals.?*® Unlike the latter, environmental factors
can be modified in order to prevent the condition.
Complementary and alternative medicine (CAM)
has been employed where conventional drugs are not
available or in order to mitigate their adverse effects.?
Momordica charantia is one of the plants commonly used
in traditional medicine for its known glucose-lowering
effects.*1° The plant is also used as a source of food and
its consumption as a health productis increasing among
healthy people. It is therefore imperative to investigate
the potential glycaemic effects in these individuals.
The present study used an animal model to investigate
the glucose profilein MC-treated rats. There was a signifi-
cant decrease in the BG level in the MC-treated healthy
animals as early as 2 weeks after
thestartof administration. Thisis
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as these results can be extrapo-
lated to healthy persons, the MC
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Table 2 Mean blood glucose level and percentage change during intraperitoneal glucose tolerance test (IPGTT) in healthy rats

Time (min) 0 30 60 90* 120 150 180
CONT (mmol/L) 4.24+0.23 [10.28+0.79 | 7.18+0.51 | 6.04+0.34 | 5.42+0.27 | 4.52+0.22 3.82+0.14
CONT % glucose change 0.00 142.45 -30.16 -15.88 -10.26 -16.61 -15.49
EXP (mmol/L) 4.30+0.45 | 7.90+0.95 | 5.56+0.65 | 5.00+0.56 | 4.24+0.50 | 3.58+0.40 3.24+0.37
EXP % glucose change 0.00 83.72 -29.62 -10.07 -15.20 -15.57 -9.50

EXP = experimental and CONT = control groups.

Results expressed as meanszSEM. p<0.05, CONT vs EXP.
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extract consumed regularly and over a period of time,
may prove useful in the prevention and/or treatment
of type 2 diabetes.

In the present study, the IPGTT peak glucose levels
were achieved within 30 minutes, indicating that peak
glucose levels may be missed by the procedure. Thus,
standardisation of the glucose tolerance curve needs to
be performed for each individual species. A significant
effect of MC on intraperitoneal glucose tolerance was
noted. During IPGTT, the margin of glucose increase
to the peak was smaller in the experimental animals
compared with the controls. In addition, both the rise
to the peak and the decline back to baseline were more
gradual in the experimental group than in controls. Ac-
cordingly, these findings emphasise the potential role of
MCinmodulating glucoselevels evenin healthy subjects.

Itisevident that MC helps the clearance of glucose from
the circulation,’ although the mode of action remains
unknown. Leatherdale and colleagues (1981) showed
that MC juice increased both glucose uptake by tissues
in vitro and glycogen storage.® The juice can also stimu-
late insulin secretion by isolated beta-cells of the islets
of Langerhans.® Further, it is postulated that MC leads
to multiplication of beta-cells hence increasing insulin
levels and permitting recovery of partially destroyed
beta-cells or preventing their death.” Shubhashish et al,
however, argued that MC lowers plasma glucose level
partly by stimulation of glycogen synthesis in the liver
and itis unlikely that it acts as an insulin secretagogue.”
It can be concluded however that MC probably works
via several mechanisms and pathways, and no single
mechanism of action has so far been determined.

In the current study, MC reduced glucose levels in
healthy rats. Thus, it does not seem to work solely
through renewal of damaged beta-cells. The young
experimental animals were healthy and presumed to
have intact beta-cells. Previous studies on the effects of
MC on blood glucose levels in both type 1* and type 2
diabetes®” support the evidence that it acts via several
mechanisms. Thus itis plausible that MC has a potential
role in increasing secretion of insulin as expected in its
action in type 1 diabetes. Moreover, in type 2 diabetes,
MC enhances the peripheral utilisation of glucose or its
conversion to glycogen for storage in the liver. Momordica
charantia probably works in both healthy and diabetic
animals to convert glucose to glycogen for storage in the
liver as well as to increase its peripheral utilisation, both
of which could result in the observed glucose-lowering
effect.

Momordica charantia contains chemicals that have
clinically demonstrated glucose-lowering properties or
otheractions of potential glucose-lowering benefit. These
chemicalsinclude a mixture of steroidal saponins known
as charantins, insulin-like peptides, and alkaloids.** The
glycaemic effect is more pronounced in the fruit, where
these chemicals are found in abundance.®

Although some of the glucose-lowering data seen in
the present study are similar to previous studies,*'’ there
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were important differences. The use of healthy rats was
essential to elucidate the role of MC in the management
of glucose levels in health. In addition, the IPGTT was
performed and confirmed clearly the role of MC in low-
ering glucose levels. In spite of the numerous published
data available on MC, there is insufficient information
on its effects in females. Female rats were used in the
present study, which showed similar results to previous
studies in male rats. Previous studies suggest that MC
induces abortion in female rats.?! It is, however, impor-
tant to design studies with greater statistical power to
elucidate the benefits of MC in preventing or treating
gestational diabetes.

A considerable amount of financial resources are spent
on anti-diabetic drugs and the overall management of
diabetes.** A more simplified approach with the intro-
duction of MC and other alternative complementary
therapies may be cost effective, besides alleviating the
adverse effects of conventional drugs. Alimitation of the
present study was the lack of proper standardization of
the dose of the active ingredients, since only the volume
could be kept constant. Human trials and comparison of
efficacy and safety of MC with known hypoglycaemic
drugs are recommended.
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