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Abstract

Letter

Glucose transport enhancers were searched for in Lagerstroemia
speciosa, a Philippine local herbal medicine used for diabetes mellitus. Bioassay-guided fractionation of the aqueous acetone extract
of the leaves afforded three active ellagitannins, lagerstroemin,
flosin B and reginin A, identified by NMR and optical rotation.
These compounds increased glucose uptake of rat adipocytes,
and could be responsible for lowering the blood glucose level.

In the Philippines, Lagerstroemia speciosa (L.) Pers. (Lythraceae)
is called ªbanabaº, and the tea from the leaves has been used as
a beverage as well as for treatment and prevention of diabetes
mellitus [1]. The hypoglycemic effect of the leaf extracts was observed in experimental animals [2], [3]. Clinical tests of the banaba leaf extract to diabetes mellitus were also reported [4], [5].
In our screening test of glucose transporter enhancement activity, banaba was one of the positive samples. Bioassay-guided
fractionation of the methanol extract of banaba leaves afforded
an active triterpene, corosolic acid (2a-hydroxyursolic acid) [6],
which increased the glucose transporter activity in vitro, and
lowered the blood glucose level in the experimental animals [7].
However, it could not represent the whole activity of the banaba
extract. Recently, the objective cell was switched from tumour
cells to adipocytes, physiological target cells of insulin. This paper describes the isolation and the identification of more active
compounds using the improved methodology.
The aqueous fraction of the acetone extract of banaba leaves,
after treatment with ether, ethyl acetate and butanol, was
found to possess the ability to increase the 2-deoxyglucose (2DG) uptake of rat adipocytes. The fraction was loaded onto a
Diaion HP-20 column, which was then eluted with a stepwise
gradient of H2O/MeOH. Table 1 shows the results when the
aqueous fraction (input) and the eluted fractions were dried,
reconstituted to a constant volume, and then assayed for the
ability to increase 2-DG uptake. The ability was concentrated
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in the 20 and 30 % MeOH fractions. From the 30 % MeOH fraction, lagerstroemin (1) and flosin B (2), and from 20 % MeOH
fraction, reginin A (3) were isolated (Fig. 1) and identified by
the comparison of the NMR and optical rotation data with
those of the authentic samples [8], [9] previously isolated
from the sample plant (Lagerstroemia flos-reginae is the synonym of L. speciosa).
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Lagerstroemin (1) increased the rate of 2-DG uptake at a concentration as low as 0.04 mM and the half-maximum stimulation
was obtained at around 0.08 mM. At its maximum concentration
(0.3 mM), the tannin increased the rate by 0.26 nmol/5 min
(Fig. 2). In the experiment, insulin, a physiological activator of
hexose transport, increased the rate by 0.48 nmol/5 min. Flosin
B (2), an epimer of lagerstroemin, showed a dose-dependent effect similar to lagerstroemin. Reginin A (3) also induced a
marked increase in the hexose uptake. In this case, however, the
effect peaked at 0.04 mM, but it decreased at higher concentrations for an unknown reason.
The mechanism by which the tannins stimulate the hexose uptake is not clear now, but is expected to be similar to that employed by insulin, because wortmannin, an inhibitor of insulin
signaling [8], prevented the action of the tannins at the concentrations at which the chemical inhibits insulin actions (data not
shown). Thus, we found that three ellagitannins purified from
banaba leaves are efficient activators of hexose uptake in rat adipocytes. At their optimum concentrations, the tannins increased
the rate of hexose uptake to the level higher than a half of that
induced by insulin. The result suggests that the insulin-like action of the ellagitannins or their metaoblites is responsible for
the hypoglycemic effect of banaba extract in vivo [4], [5].
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Materials and Methods
The leaves of Lagerstroemia speciosa (Banaba) were collected at
the mountain in Zambales in the philippines on March 2000.
The voucher specimen (Lag-0037) was deposited in the herbarium of the Institute of Pharmaceutical Sciences, Hiroshima University.

Table 1

Effect of each fraction on 2-DG uptake of rat adipocytes
Concentration*

Increase in2-DG uptake**

Fraction

(mg/ml)

(nmol/5 min)

Acetone extract (input)

172

0.49

Eluted fractions
71

0.24

10 % MeOH

9

0.08

20 % MeOH

19

0.26

30 % MeOH

32

0.33

40 % MeOH

14

0.08

50 % MeOH

4

±0.01

70 % MeOH

1

±0.01

100 % MeOH

0.1

±0.01

* The concentration used at assay, which is proportional to the total amount (yield) of each
fraction, is presented.
** Basal 2-DG uptake without extract was 0.13 nmol/5 min.
Each result indicates the mean of duplicate determinations.

Fig. 2 Effect of tannins on hexose uptake. Rat adipocytes were incubated at 37 8C for 20 min with varied concentrations of lagerstroemin,
flosin B, or reginin A duplicate determination. A vertical line indicates
the range of duplicate determinations.

Dried leaves of Lagerstroemia speciosa (1 kg) were extracted
three times with 70 % acetone at room temperature. The extract
was concentrated under reduced pressure at below 40 8C. The residue (224 g) was suspended in water, and partitioned with
ether, ethyl acetate and butanol, successively to afford 1.2 g,
9.2 g, 21 g of the respecitve and 82 g of aqueous fractions. Each
fraction was tested for glucose transporter (GT) enhancing activity. The activity was confined to the aqueous fraction, which was
subjected to column chromatography on a highly porous copolymer of styrene and divinylbenzene (Diaion HP-20, 6  40 cm),
with a stepwise gradient elution from water, 10, 20, 30, 40, 50,
70 and 100 % MeOH. Each fraction consisted of 2.1 g (5 l elution),
4.4 g (5 l), 7.4 g (5 l), 3.4 g (5 l), 1.0 g (4 l), 0.24 g (2 l) and 0.03 g
(2 l), respectively. The activity was concentrated in the 20 and
30 % MeOH fractions. A portion of the 30 % MeOH fraction (4.0 g)
was subjected to MCI-GEL (3  27 cm) with elution of aqueous
MeOH (0 ± 40 %), ODS-AQ column (2.5  20 cm) with elution of
aqueous MeOH (25 %) and preparative HPLC (ODS-A, 2  15 cm,
10 % CH3CN-10 mM phosphate buffer, pH = 2.0) to give lagerstroemin (1, 27 mg) and flosin B (2, 12 mg). From the 20 % MeOH
fraction (4.0 g) Reginin A (12 mg) was obtained through the same
chromatography system (Fig. 1).
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Water

Fig. 1 Chemical structures of lagerstroemin (1), flosin B (2) and reginin A (3).

Lagerstreomin (1): An off-white amorphous powder, [a]D20: + 13.58
(c 0.2, acetone), lit. [8] + 7.38 (c 1.0, acetone); 1H- and 13C-NMR:
identical with lit. [8].
Flosin B (2): An off-white amorphous powder, [a]D20: + 698 (c 0.06,
acetone), lit. [9] + 658 (c 1.4, acetone); 1H- and 13C-NMR: identical
with lit. [9].
Reginin A (3): An off-white amorphous powder, [a]D20: + 778 (c
0.0026, acetone), lit. [8] + 628 (c 0.9, acetone); 1H- and 13C-NMR:
identical with lit. [8].
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Isolation of rat adipocytes and determination of the rate of glucose uptake were performed as described previously [10], [11].
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