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Plants are a rich source of bicactive compounds that may be used as functional ingredients for
human health. Plants have long fulfilled our nutritional requirements and have been used for
various medical purposes. Different types of active components in various plant species have
been investigated for antidiabetic activity. For the treatment of diabetes, plants have been used
in various systems of medicine since ancient times, especially in developing countries
where large numbers 9f people have limited access to natural resources and access to allopathic
treatment for diabetes. ‘

Diabetes is a common chronic disease, characterized by high blood sugar levels that result in
various health complications, including heart disease, kidney disease; retinopathy, and
neuropathy. The prevalence of diabetes is increasing worldwide. One of the best strategies for
the treatment of diabetes mellitus management involves control of postprandial hyperglycemia
through enzymatic inhibition of starch degradation. The inhibition of a-glucosidase activity is
essential to delay carbohydrate digestion and absorption, reduce blood glucose levels, and
finally control postprandial hyperglycemia. Many antidiabetic agents have been reported.
However, these drugs have some undesirable side effects. Therefore, new natural antidiabetic
drugs that are both safe and effective are required.

This study was performed to identify new medicinal plants from Bangladesh for diabetes, and
to identify new compounds from Japanese plant leaves for diabetes. Many people use

traditional medicine in Bangladesh to treat various diseases.




Therefore, three Bangladeshi medicinal plants were screened for antidiabetic effects. Japanese
people occasionally use traditional medicine. Therefore, we used 19 types of Japanese woody
plant leaves to investigate the inhibitory effects on diabetes and identify the structures of active

compounds to make modern medicines.

Materials and Methods: The leaves of three plant species were collected from Bangladesh
Agricultural University in Bangladesh and the leaves of 19 plant species were collected from
Kochi University (Monobe campus) in Japan. The leaves were extracted with methanol and
then dried using a rotary evaporator. The dry extract was partitioned in 30% hexane/70%
methano! solution, followed by fractionation with ethyl acetate, butanol, and water. Each
fraction was evaporated under reduced pressure to provide hexane, ethyl acetate, butanol, and
water fractions. The methanol extracts and their partitioned fractions were examined for
inhibitory effects on a-glucosidase activity. .

The results were obtained from yedst a-glucosidase inhibitory assay and rat intestinal
a-glucosidase (sucrase) inhibi‘gory assay. For yeast a-glucosidase inhibitory assay, 10 nl of
phosphate buffer (pX 6.8), 20 ul of test sample, and 150 pl of p-nitrophenyl-a-D-glucopyranoside
(5 mmol/ml) were added to each well of 96-well plates. The reaction was-started by adding 20 nl
(5 ng/ml) of the enzyme to the reaction mixture in the plates. The changés in absorbance at 405
nm (A4os) were recorded at 1-minute intervals for 10 minutes, and the percentage inhibition was
estimated from the slope using the following equation:

Inhibition % = (1 — slope of test sample/slope of control) x 100.

For rat intestinal a-glucosidase (sucrase) inhibitory assay, 20 ul of test sample and 150 ul of
saccharose (5 mg/ml) were added to each_ well of 96-well plates. The reaction was initiated by
adding 30 pl of the enzyme to the reaction mixture in the plates. The changes in absorbance at |
492 nm (A492;) ‘were recorded .at 1-minute intervals. The percentage inhibition was estimated
using the following equation: '
‘Inhibition % = (1 — (absorbance of test sample-absorbance of blank)/{absorbance of control —
absorbance of blank)) x 100.

A fractionation technique was used for isolation and purification of yeast c-glucosidase
inhibitors from plant extracts. Silica gel column chromatography (Si-gel CC), medium-pressure
| liquid chromatography (MPLC), and high-performance liquid chromatography (HPLC) were
used to separate and purify different components from mixtures of plant extracts. The collected

fractions were examined by thin layer chromatography (TLC) for desired components.

Inhibitory effects of Bangladeshi medicinal plant leaf extracts: The methanol extracts of the
leaves of Emblica officinalis, Terminalia’ bellirica, and Terminalia chebula screened for their
a-glucosidase inhibitory potential activities in vitro. Methanol extract of 7. chebula showed
maximum inhibitory activity against yeast «-glucosidase with a half maximal inhibitory
concentration (ICso) of 15 pg/ml, followed by T. bellirica with an 1Cso value of 34 pg/ml and Z.
officinalis with an ICso value of 50 pg/ml, compared with the standard drug, acarbose (ICso

value: 13 mg/ml). Rat intestinal sucrase inhibitory activity was also investigated. The methanol
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extracts of these three plants at 1 mg/ml showed considerable rat intestinal sucrase inhibitory
activity. The hexane extract, ethyl acetate extract, butanol extract, and water extract from the
three plants screened for yeast a-glucosidase and rat intestinal sucrase inhibitory activity. The
T' chebula butanol fraction showed a strong inhibitory effect with an ICso value of 10 pg/ml. The
butanol and ethyl acetate fractions of X officinalis showed almost the same inhibitory
activities, with ICso values of 18 pg/ml énd 19 pg/ml, respectively. The hexane fraction of T
bellirica leaves was also less active than the ethyl acetate, butanol, and water fractions, with
ICso values for the butanol and ethyl acetate fractions of 12 pg/ml and 18 pg/ml, respectively.
Among the three plants, butanol extract exhibited potent a-glucosidase inhibitory activity.
Methanol and butanol extracts of the three plants also showed excellent inhibitory activity
against rat intestinal sucrase. £. officinalis, T. bellirica, and 7. chebula are potential plant

sources of a-glucosidase inhibitors that can be used to treat diabetes.

Inhibitory effects of Japanese plant leaf extracts: The methanol extracts of nineteen Japanese
plants that were not reported previously to show any in vitro inhibitory activity were tested.
Five of these plants, Quercus phillyracoides, Mallotus japonicas, Sapium sebiferum,
Elaeocarpus sylvestris var. ellipticus, and Myrica rubra, showed high inhibitory activity against
a-glucosidase with ICs0 values in the range of 22 — 92 pg/ml. The methanol extracts of these five
plants at 1 mg/ml showed significant rat intestinal sucrase inhibitory activity. The hexane,
ethyl acetate, butanol, and water extracts from the five plants were also screened for yeast
a-glucosidase and rat intestinal sucrase inhibitory activity. The extracts of . phillyraeordes
leaves (ethyl acetate and butanol extracts), M. japonicas leaves (ethyl acetate and butanol
extracts), and %, sylvestris var. ellipticus leaves (ethyl acetate and butanol extracts) showed
excellent inhibitory effects against yeast a-glucosidase. Methanol, ethyl acetate, and butanol
extracts of the five plants also exhibited potent inhibitory effects against rat intestinal sucrase.
Due to their inhibitory effect, the leaves of these five plant species were selected for further
investigation to isolate and identify the active constituent(s) responsible for the potential

antidiabetic activity.

Isolation and purification of a-glucosidase inhibitory constituents: Finally, the butanol extract
of T chebuia showed high a-glucosidase activity in the screéning experiments. The butanol
extract was divided into seven fractions (B1 - B7) by silica gel column chromatography. Among
them, the Bl fraction showed the strongest inhibitory activity. On HPLC, the Bl fraction
showed two active peaks, designated as B1-1 (TCB-1) and B1-2 (TCB-2) that showed significant
inhibitory effects against a-glucosidase with ICso values of 2 ng/ml and 3 pg/ml, respectively.
The butanol extract of M. japonicas showed high yeast a-glucosidase inhibitory activity in the
screening experiments. The butanol extract was divided into seven fractions (B1 —B7) by silica
gel column chromatography, among which the B2 fraction showed the highest inhibitory
activity. On MPLC, the B2 fraction was divided into five fractions (B2-1—B2-5), and HPLC of
the B2-4 fraction showed an active peak with an ICso value of 10 pg/ml (B2-4-2; MJB 1).

The ethyl acetate extract of &. phillyraeoides showed the highest a-glucosidase inhibitory
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activity in the screening experiments. The ethyl acetate fraction of @ phillyracoides was
divided into six fractions by MPLC, among which the fractions E1—E4 showed excellent
inhibitory effects. Repeated column chromatography of the ethyl acetate extract of &.
phillyraecides (E1) fraction yielded E1-1-1-1, which exhibited strong inhibitory activity (ICso:
|16 ng/ml). The E2-1 (QPE-2) fraction isolated from E2 fraction, which showed significant
inhibitory activity with an ICsp value of 26 png/ml. The E4 fraction was fragmented by HPLC and
showed four peaks (E4-1 —E4-4). Among them, E4-2 fraction showed a clear spot and high
inhibitory activity. The E4-2 fraction was purified by HPLC and divided into three fractions.
Among them, E4-2-1 (QPE-3) fraction showed high inhibitory activity with an ICso value of 27
ng/ml.
Two fractions ({TCB-1 and TCB-2) were isolated from the leaves of 7. chebula, one fraction
(MJB-1) was isolated from the leaves of M. japonicus, and three fractions (QPE 1, QPE-2, and
QPE-3) were isolated from the leaves of . phillyracoides. The half maximal concentrations
(ICs0) of TCB-1, TCB-2, and MJIB-1 fractions were 2 pg/ml, 3 ug/ml, and 10 pg/ml, respectively,
and those of QPE 1, QPE-2, and QPE-3 fractions were 1.6 pg/ml, 26 pg/ml, and 27 pg/ml,
respectively. All six fractions showed significant in vitro a-glucosidase inhibitory aectivity
compared with acarbose (ICs0: 13 mg/ml). These results suggest that the three plants may be

useful as sources of natural a-glucosidase inhibitors for use in the treatment of diabetes.
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