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ABSTRACT

Objective: To evaluate and compare the hypoglycemic activity of 10 medicinal plants extract that is used empirically to treat hyperglycemia in
Indonesia, to determine plant with the most potential as a hypoglycemic agent.

Methods: Activity test was conducted in Swiss Webster glucose-induced mice with glucose tolerance test. The ethanolic extracts of Mangifera
indica L. leaves, Persea americana Mill. leaves, Acorus calamus L. rhizome, Phyllanthus niruri L. herb, Syzygium cumini (L.) skeels bark, Zingiber
officinale Roscoe rhizome, Moringa oleifera Lam. leaves, Tamarindus indica L. seed, Momordica charantia L. fruits, and Azadirachta indica A. juss
leaves, which were given orally at the same dose of 300 mg/kg bw. The blood samples were used for determination of glucose level examination using
a glucose meter and test strips (Accu-Chek).

Results: The ethanolic extract of M. indica L. leaves has the best activity in reduction of blood glucose level in mice, followed by Z. officinale Roscoe
rhizome, A. calamus L. rhizome, T indica L. seed., M. charantia L. fruit., S. cumini (L.) skeels bark, P, niruri L. herb., P americana Mill. leaves, and A. indica

A. juss leaves.

Conclusion: Results of this study suggest the potential use of M. indica L. leaves extract in the therapy of hyperglycemia.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease characterized by
hyperglycemia, caused by lack of insulin production, insulin resistance,
or both. It is generally classified into type 1 and 2 diabetes. Type 1
diabetes is insulin dependent for life (5-10%), occurs because of
pancreas cells damage. While type 2 diabetes (90-95%) occurs due to
insulin resistance, insufficient production of insulin, or both [1]. This
disease can also cause chronic complications include abnormalities in
microvascular and macrovascular [2].

In Indonesia, the prevalence of diabetes in adulthood, 20-79 years,
was 5.8% of the 9 million total diabetic cases and 4.8 million
undiagnosed diabetic cases in 2014 [3]. Oral hypoglycemic drugs, such
as biguanide, sulfonylurea, and tiazolidinedionas, are used clinically
in the treatment of type 2 diabetes, but it may cause adverse effects
and become ineffective in long diabetic treatment. The World Health
Organization recommended the use of traditional medicine with basic
material of plants for diabetes treatment [4]. Alternative measures
using herbal medicine agents may also be considered to achieve lower
blood glucose levels, with minimal side effects and low cost [5]. As
a rich biodiversity country, Indonesia has 30.000 flowering plants
species [6], about 7000 of these species are recognized as medicinal
plants [7], 950 species are discovered to have pharmacological
properties, 283 species are registered, being cultivated and used by
industries [8] and another species directly harvested from forest as
raw material [9]. Many plants have potential as an antidiabetic agent
that can be proven through ethnobotany information report [10]. The
aim of this study is to evaluate and compare the hypoglycemic activity
of 10 plants, which are used empirically to treat diabetes in Indonesia.
The screened plant parts were mango (Mangifera indica L.) leaves [11],
avocado (Persea americana Mill.) leaves [12], meniran (Phyllanthus
niruri L.) herb [13], Kelor (Moringa oleifera Lam.) leaves [14], ginger
(Zingiber officinale Roscoe) rhizome [15], jeringau (Acorus calamus L.)

rhizome [16], jamblang (Syzygium cumini (L.) skeels leaves [17], asam
jawa (Tamarindus indica L.) seed [18], pare (Momordica charantia L.)
fruit [17], and Mimba (Azadirachta indica A. juss) leaves [19] which
were given orally at the same doses (300 mg/kg bw) in mice induced
glucose.

METHODS

Plant materials

The plant materials were collected from several areas, M. indica L. leaves,
P. americana Mill. leaves and A. calamus L. rhizome were collected from
Lembang, West Java; P. niruri L. herb, S. cumini (L.) skeels bark, and Z.
officinale Roscoe rhizome were collected from Subang, West Java; M.
oleifera Lam. leaves were collected from Karanganyar, Center Java; T.
indica L. seed were collected from Majalengka, West Java; M. charantia L.
fruit were collected from Cimahi, West Java; and A. indica A. juss leaves
were collected from Tawangmangu, Center Java. Those plants were
authenticated at Jatinangor Herbarium, Plant Taxonomy Laboratory,
Department of Biological Science, UNPAD.

Plant extraction

Plant materials were dried, grounded, extracted (by maceration
method in 70% ethanol) and concentrated (using rotary evaporator
under reduced pressure [Rotavapor, Buchi]). Extract was dissolved in
2% acacia gum propylene glycol alginate (PGA) to prepare doses and
administered by oral gavage.

Animal preparation

The animal house ITB supplied male Swiss Webster mice, weighing
25-35 g. They were housed under standard laboratory condition at a
room temperature of 22+3°C and relative humidity of 50-60%, with
12 hrs light and dark cycle. Food and water were provided ad libitum
according to the laboratory standard. Ethical clearance for experimental
animals using was obtained from Ethical Committee of Medical Faculty
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UNPAD with Ethical Approval No. 204/UN6.C1.3.2/KEPK/PN/2016
and 206/UN6.C1.3.2/KEPK/PN/2016.

Hypoglycemic activity assay

Oral glucose tolerance test was used to evaluate and compare the
hypoglycemicactivity of 10 plants ethanolic extract that was tested. Mice
were divided into 12 groups (3 mice per group), previously been fasted
for 18 hrs. Normal control group was given PGA 2%. Negative control
group was given PGA 2% and glucose 1 g/kg bw. Test group was given
PGA 2%, glucose 1 g/kg bw and plant extracts tested at an oral dose
of 300 mg/kg bw. Blood sampling was performed at 30 minutes after
given plant extract (t=0), then at 30 minutes (t=30), 60 minutes (t=60),
90 minutes (t=90), and 120 minutes (t=120) after administration of
glucose, determination of glucose level using a glucose meter and strips
test (Accu-Chek).

RESULTS AND DISCUSSION

The effect of ethanolic plants extract on blood glucose levels in glucose-
induced mice was presented by considering relative blood glucose (%),
as shown in Fig. 1 and Table 1. All tested plants extracts might lead the
reduction of blood glucose levels at a dose of 300 mg/kg bw, which was
related to the duration time of treatment.
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As shown in Fig. 1, the negative control group had the highest relative
blood glucose levels, indicating that induction method was worked by
glucose administration. The relative blood glucose levels decreased in
60 minutes, indicating that the body released insulin hormone to break
glucose as a homeostatic process.

Oral administration of 10 medicinal plants within ethanolic extract
was performed at a dose of 300 mg/kg, producing various outcomes
of blood glucose levels. As shown in Table 1, the highest enhancement
of glucose levels occurred at 30 minutes, which was shown in all
tested samples Z. officinale Roscoe rhizome group was significantly
different, compared to negative control, meaning that the extract has
hypoglycemic activity better than others at that same period time.
While at 60 and 90 minutes, all test groups were significantly different
with negative control group.

This showed that the hypoglycemic activity of all tested extracts
decreased the blood glucose levels of tested animals. At 120 minutes,
all groups had the lowest relative blood glucose levels, compared to all
interval times. In particular, M. indica L. leaves, P americana Mill. leaves,
P, niruri L. herb, Z. officinale Roscoe rhizome, A. calamus L. rhizome,
S. cumini (L.) skeels bark, T indica L. seed, and M. charantia L. fruit group
had significantly differences, compared to negative control, indicating

Table 1: Hypoglycemic activity of ethanolic extract of 10 medicinal plants, where the blood sampling was performed at 30 minutes after
given plant extract (t=0), at 30 minutes (t=30), 60 minutes (t=60), 90 minutes (t=90), and 120 minutes (t=120) after administration of
glucose, determination of glucose level using glucose meter and strips test (Accu-Chek)

Group

Relative blood glucose level (%)

Time (minute) mean+SD

0 30 60 90 120
Normal control 100 101.11+9.20* 96.99+11.20* 93.87+11.58* 83.18+8.21*
Negative control 100 206.76+7.33 194.79+5.39 177.53+12.76 139.76+40.80
Mangifera indica L. leaves 100 125.53+13.33 104.49+19.85* 89.20+20.39* 83.70+6.50*
Persea americana Mill. leaves 100 164.2+17.81 127.69+9.47* 93.01+3.12* 81.29+7.60*
Phyllanthus niruri L. herb 100 154.28+24.63 109.64+19.25* 94.12+21.60* 74.88+16.16*
Moringa oleifera Lam. leaves 100 184.27+47.70 154.28+31.72* 114.16+34.50* 87.27+28.02
Zingiber officinale Roscoe rhizome 100 120.06+7.88* 109.88+15.83* 93.50£21.16* 83.40+12.69*
Acorus calamus L. rhizome 100 143.96+25.84 99.76+5.30* 88.18+5.30* 80.35+4.23*
Syzygium cumini (L.) skeels bark 100 145.22+41.46 115.83+14.07* 88.13+15.28* 79.41+22.17*
Tamarindus indica L. seed 100 156.40+£29.83 103.04+14.44* 95.42+22.39* 65.92+19.29*
Momordica charantia L. fruit 100 144.76+27.02 110.52+30.41* 93.57+16.08* 70.96+13.38*
Azadirachta indica A. juss leaves 100 135.86£12.90 127.47+16.26* 121.75+24.04 89.90+10.08

*Significant compared with negative control (p<0.05)
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Fig. 1: Relative blood glucose level (%) of 10 medicinal plants, which are often used as remedies for hyperglycemia in Indonesia. The
ethanolic extract was tested for their hypoglycemic activity using glucose tolerance test
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Percentage of reduction blood glucose

m Mangifera indica L.

m Persea americana Mill.

® Phyllanthus niruri L.

= Moringa oleifera Lam.

m Zingiber officinale Roscoe

m Acorus calamus L.
Syzigium cumini (L.) Skeels

— Tamarindus indica L.

Momordica charantiaL.

30' 60 90
Time (minute)

120’ : Azadirachta indica A.Juss

Fig. 2: Percentage of decrease blood glucose level (%) of 10 medicinal plants extract tested that induced blood glucose level

that they still had hypoglycemic activity at that time. According to the
blood glucose relative level, the percentage of reduction blood glucose
level could be calculated with Cr(negative control) - Cr(test group)/
Cr(negative control) x100%.

As shown in Table 2 and Fig. 2, all tested extracts decreased blood
glucose levels. Z. officinale Roscoe rhizome extract had the highest
percentage of decrease blood glucose level at 30 minutes. After
60 minutes, the percentage of all tested extracts would increase. In
addition, at 90 minutes, all extracts still had hypoglycemic activity,
except M. oleifera Lam. leaves and A. indica A. Juss leaves.

An analysis of variance was conducted to find out differences of
hypoglycemic activity each group, followed with Duncan method to test
pairwise comparisons between average couples. The result showed that
M. indica L. has the highest hypoglycemic activity, followed by Z. officinale
Roscoe, A. calamus L., T. indica L., Momordica charantia L., S. cumini (L.)
Skeels, P, niruri L., P americana Mill,, A. indica A. Juss, and M. oleifera Lam.

M. indica L. leaves have been confirmed to contain mangiferin
(1,3,6,7-tetrahydroxyxanthone-C2-beta-D-glucoside, one of xanthone
derivatives and C-glucosylxanthones) [20]. Mangiferin was widely
distributed especially in the leaves and the barkin the Anacardiaceae and
Gentianaceae families [21]. Mangiferin was one of the pharmacologically
active compounds, which has been reported to have multiple biological
effects and also antidiabetic effects [22-24]. Ethanolic extract of the
leaves of M. indica L. leaves produced a significant hypoglycemic effect
at a dose of 250 mg/kg, both in normal and streptozotocin (STZ)-
induced diabetic animals. The stimulation of $-cells to release insulin
was thought to be part of the mechanism of action [25]. The effect of the
aqueous extract of the leaves of M. indica L. leaves on blood glucose level
in normoglycemic, glucose-induced hyperglycemic, and STZ-induced
diabetic rats indicate that the aqueous extract of the leaves of M. indica L.
possesses hypoglycemic activity. This action may be due to an intestinal
reduction of the absorption of glucose [26]. The leaves of M. indica L.
used for antidiabetic properties using normoglycemic, glucose-induced
hyperglycemia, and STZ-induced diabetic mice. The aqueous extract
of the leaves of M. indica L. possesses hypoglycemic activity [27].
Oral glucose tolerance test in rats mangiferin (10 and 20 mg/kg, i.p.)
indicate potent antidiabetic without causing hypoglycemia; mangiferin
would then offer a greater therapeutic benefit for the management of
DM and diabetic complications associated with abnormalities in lipid
profiles [27]. The results from this research suggest that M. indica L.
leaves can possibly help in the treatment of diabetes.

CONCLUSION

M. indica L. leaves were considered to have the highest hypoglycemic
activity in glucose-induced mice, followed by Z. officinale Roscoe
rhizome, A. calamus L. rhizome, T. indica L. seed., M. charantia L. fruit.,

Table 2: Percentage of decreased blood glucose level (%) at
30 minutes (t=30), 60 minutes (t=60), 90 minutes (t=90), and
120 minutes (t=120) after administration of glucose

Group Time (minute)
30 60 90 120

Mangifera indica L. leaves 39.29 4636 49.75 40.15
Persea Americana Mill. leaves 20.53 3445 47.61 44.82
Phyllanthus niruri L. herb 2520 43.72 4698 46.96
Moringa oleifera Lam. leaves 14.08 20.80 3570 41.13
Zingiber officinale Roscoe rhizome 41.93 43.59 47.33 38.90
Acorus calamus L. rhizome 30.38 48.78 49.00 42.51
Syzygium cumini (L.) Skeels leaves  29.76 ~ 40.54 50.36 43.18
Tamarindus indica L. seed 2436 47.10 46.25 52.83
Momordica charantia L. fruit 2999 4326 47.29 49.23
Azadirachta indica A. Juss leaves 3429 3456 3142 35.68

S. cumini (L.) skeels bark, P, niruri L. herb., P americana Mill. leaves, and
A. indica A. juss leaves.
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