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ABSTRACT
Context: The leaves of Lagerstroemia speciosa (L.) Pers. (banaba) have been consumed tradi-
tionally in several Southeast Asian countries for the treatment of diabetes mellitus. The plasma
glucose lowering actions of this medicinal plant were proposed to be linked with several
mechanisms of action. However, its inhibitory actions against a-amylase and a-glucosidase,
which play a major role in the regulation of postprandial plasma glucose, have not been clearly
established. Aims: This study thus aimed to investigate the effects of Lagerstroemia speciosa
(L.) Pers. aqueous and ethanolic leaf extracts (LSA and LSE extracts, respectively) on in
vitro carbohydrate-digesting enzyme activities and enzyme kinetics. Settings and Design:
In vitro carbohydrate-digesting enzyme activity assay. Materials and Methods: The activities
of a-amylase and a-glucosidase were indicated by the amounts of maltose and p-nitrophenol
generated in the reactions, respectively. Statistical analysis used: The data were analysed
by using one-way ANOVA, followed by Bonferroni post-hoc test. Results: The LSA extract
significantly inhibited both a-amylase and a-glucosidase enzymes with the IC, _of 1.21+0.16
and 49.71+0.86 ug/mL respectively. Meanwhile, the LSE extract selectlvely inhibited
o-amylase activity (IC. = 22.21+4.00 pg/mL) with no apparent inhibition against a-glucosidase
activity. Both LSA and LSE extracts inhibited a-amylase enzyme in a mixed inhibition manner
whilst the LSA extract also acted as a mixed inhibitor against a-glucosidase enzyme. The
extracts possessed higher binding affinities toward the enzymes, indicated by the lower K
values, when compared to acarbose (positive control). Conclusion: These results suggest the
potential use of the extracts for a control of postprandial plasma glucose.
Key words: Lagerstroemia speciosa (L.) Pers., Diabetes mellitus, a-amylase, a-glucosidase.

INTRODUCTION

Diabetes mellitus (DM) characterized by chronic
hyperglycemia is a leading cause of several life-threat-
ening complications especially cardiovascular diseases,
renal failure, blindness and limb amputation.! In diabetic
patients, not only fasting plasma glucose but also
postprandial plasma glucose must be controlled appro-
priately in order to prevent diabetic complications.?
Ithas been demonstrated that postprandial hyperglyce-
mia is linked with cardiovascular complications, which
are the major cause of death in patients with diabetes.?
Carbohydrate-digesting enzymes in the gastrointestinal
tract, specifically a-amylase and a-glucosidase, play a
crucial role for the digestion of consumed carbohydrate.
Inhibitions against those enzymes are thus the main
strategy for controlling postprandial plasma glucose.*

The traditional use of medicinal plants has been
adopted increasingly worldwide as an alternative
treatment of diabetes. Lagerstroemia speciosa (L.) Pers.
(banaba) is a medicinal plant widely used for the treat-
ment of diabetes in several South East Asian coun-

tries, especially in the Philippines and Thailand,
specifically in the central and the Southern parts of
the country.’ Its leaves are consumed as herbal tea,
which is prepared by decoction or infusion with hot
water, in the traditional medicine. The aqueous and
ethanolic leaf extracts of Lagerstroemia speciosa (L.)
Pers. significantly reduced the plasma glucose levels
in both KK-A' mice and chemical-induced diabetic
rats.*? The hot water leaf extract exhibited the
plasma glucose lowering actions in the oral starch
tolerance test but not the oral glucose tolerance
test in rats.’® In vitro inhibitory actions of the leaf
extracts of Lagerstroemia speciosa (L.) Pers. against
carbohydrate-digesting enzymes were documented
previously.’*"* However, in most of the earlier stud-
ies, the extracts were prepared by using methanol,
acetone or ethyl acetate, as the extraction solvents.
The methods of extraction were therefore appar-
ently different from its traditional use. Moreover,
the effects of the plant extracts on enzyme kinetics
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of carbohydrate-digesting enzymes have not been described yet. This
study thus aimed to investigate the effects of Lagerstroemia speciosa
(L.) Pers. aqueous and ethanolic leaf extracts on in vitro a-amylase and
a-glucosidase activities. Additionally, the enzyme kinetics of both car-
bohydrate-digesting enzymes in the presence of the plant extracts were
also studied.

MATERIALS AND METHODS

Preparations of Lagerstroemia speciosa (L.) Pers. aqueous
leaf extract (LSA extract) and Lagerstroemia speciosa (L.)
Pers. ethanolic leaf extract (LSE extract)

The leaves of Lagerstroemia speciosa (L.) Pers. were collected from the
plants in Mahasarakham University, Kamriang campus, Kantarawichai
district in Maha Sarakham province, Thailand. Assistant Professor
Dr. Wanida Caichompoo, a botanist at the faculty of Pharmacy,
Mahasarakham University, performed the authentication of the collected
samples. A voucher is deposited at the Herbarium of Pharmaceutical
Chemistry and Natural Product Research Unit, the faculty of Pharmacy,
Mahasarakham University (code: MSU.PH-LYT-LSO01). The leaves were
washed thoroughly with tap water, air-dried at room temperature and
cut into small pieces. The specimens were then sun-dried for further
2 days and subsequently ground. For the LSA extract, the ground samples
were boiled for 15 min, filtered twice with filter cloth and subsequently
evaporated by using the freeze dryer (ScanVac’, Denmark). For the LSE
extract, the specimens were macerated with 70% ethanol for 7 days and
filtered twice with filter cloth. The filtrate was concentrated by using the
rotary evaporator (Heidolph®, Germany) and then evaporated by using
the freeze dryer (ScanVac’, Denmark). The % yields of the LSA and the
LSE extracts were 8.77 and 5.08% w/w, respectively. The extracts were
kept freezing at -20°C until use.

Total phenolic content assay

The total phenolic content was determined by using the method of Shui
et al" The sample mixture was prepared at the concentration of 50 mg/
mL. An aliquot of the sample mixture (400 pL) was mixed with 1,800 uL
of Folin-Ciocalteu (diluted with deionized water, 1:10) and left for
5 min. 1,200 pL of Na,CO, (7.5% w/v) was then added, mixed well and
incubated at room temperature for 1 hour. The optical density (OD) of
the mixture was measured at the wavelength of 765 nm. The standard
solutions with varying concentrations of gallic acid were prepared in
methanol. The total phenolic content was calculated from the gallic acid
standard curve and expressed as mg of gallic acid equivalent (GAE)/ g of
extract (dry weight).

Total flavonoid content assay

The total flavonoid content assay was performed by using the assay
described by Pekal and Pyrzynska, 2014." 300 pL of AICL, (2%w/v) and
300 pL of deionized water were added into 600 pL of the sample mix-
ture (10 mg/mL). The mixture was shaken well and left for 10 min. The
OD of the mixture was measured at the wavelength of 425 nm. The total
flavonoid content was calculated from the quercetin standard curve and
expressed as mg of quercetin equivalent (QE)/ g of extract (dry weight).

Alpha-amylase activity assay

The a-amylase activity assay was performed according to the method
of Ali et al. with slight modifications.*® Briefly, 40 uL of the sample was
pre-incubated with 200 pL of porcine pancreatic o.-amylase (4 unit/mL)
at 25°C for 5 min. 400 pL of potato starch solution (0.5% w/v) and 160 pL
of deionized water were subsequently added into the mixture and incu-
bated at 25°C for further 3 min. An aliquot of the mixture (200 uL) was
then transferred to mix with 100 pL of 3, 5-dinitrosalicylic acid (DNS)
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color reagent (96 mM DNS and 5.31 M sodium potassium tartrate in
2 M NaOH) and then boiled at 85°C for 15 min. The OD of the mixture
was measured at the wavelength of 540 nm by using absorbance micro-
plate reader (BMG LABTECH, Germany). The concentration of maltose,
generated from o-amylase catalyzing reaction, was calculated from
the maltose standard curve and used as an index of o-amylase activity.
Percent reaction was obtained from the following equation: % reaction
= (mean maltose in sample/ mean maltose in negative control) x 100.
Percent inhibition was calculated as 100 - % reaction. Acarbose was
used as positive control in the experiment. The concentration-inhibitory
response curve, the Lineweaver-Burk plot and the rate of reaction vs.
substrate concentration curve were generated by using GraphPad Prism
software version 6.0. The inhibition constant (K)) was obtained by fitting
the rate of reaction vs. substrate concentration curve with mixed model
inhibition in GraphPad Prism software version 6.0.

Alpha-glucosidase activity assay

The a.-glucosidase activity was performed following the protocol of Elya
et al. with minor modifications.”” In brief, a mixture of the sample
(40 pL), 100 mM phosphate buffer, pH 6.8 (460 uL) and 0.15 unit/mL
yeast a-glucosidase enzyme (125 pL) was prepared and incubated at
37°C for 5 min. 250 pL of p-nitrophenyl-o-D-glucopyranoside (p-NPG;
5 mM) and 125 pL of phosphate buffer were added into the mixture and
incubated for further 15 min at 37°C. Subsequently, an aliquot of the
mixture (200 uL) was mixed with 400 puL of Na,CO, (200 mM), the solu-
tion was then left at room temperature for further 5 min. The OD of the
final mixture was measured at the wavelength of 405 nm. The amount of
p-nitrophenol released from o.-glucosidase-catalyzing reaction was used
as an index of a-glucosidase activity. The percentage of inhibition was
calculated as the following equation: % inhibition = [(OD of negative
control) - (OD of sample) / (OD of negative control)] x 100. Acarbose
was used as positive control in the experiment. The concentration-inhib-
itory response curve, the Lineweaver-Burk plot and the rate of reaction
vs. substrate concentration curve were plotted by using GraphPad Prism
software version 6.0. The inhibition constant (K) was obtained by fitting
the rate of reaction vs. substrate concentration curve with mixed model
inhibition in GraphPad Prism software version 6.0.

Statistical analysis

The data of % inhibition against enzyme activity was expressed as mean:+
SEM, whilst the data of the median inhibitory concentration (IC50)>
the total phenolic content and the total flavonoid content were shown
as meant SD. The statistical analysis was performed by using one-way
analysis of variance (ANOVA) followed by the Bonferroni post-hoc test.
The difference between data is considered statistically significant when a
p-value is less than 0.05

RESULTS

The total phenolic content and the total flavonoid
content of the LSA and the LSE extracts

The total phenolic content and the total flavonoid content of the extracts
are shown in Table 1.

Effects of the LSA and the LSE extracts on in vitro
a-amylase activity

The LSA extract at the concentrations of 0.5, 1, 3, 5 and 10 pg/mL signi-
ficantly inhibited o-amylase activity with the IC_ of 1.21+0.16 pg/mL
(Table 2). The highest % inhibition of 55.56+3.05 was found at 5 pg/mL
of the extract.
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The LSE extract at the concentrations of 10, 30, 60 and 100 pug/mL produced
a significant inhibitory action against a.-amylase enzyme with the IC,  of
22.21+4.00 pg/mL. The maximal inhibition of 95.41£1.78% was found at
100 pg/mL of the extract (Table 2).

Acarbose (positive control) produced a significant inhibition against
a.-amylase with the % inhibition of 66.54+2.12%.

Effects of the LSA and the LSE extracts on a-amylase
enzyme kinetics

From the Lineweaver-Burk plot, both LSA and LSE extracts at their
approximate IC, (1 and 20 ug/mL, respectively) caused changes in the
o-amylase enzyme kinetics (Figure 1, Table 3). Both extracts decreased
Voo but increased K of the o-amylase enzyme kinetics. Acarbose
(100 pg/mL) also caused a similar change in enzyme kinetics as that of
the extracts.

The rates of reaction (v) were determined at various concentrations of
the substrate (starch solution) in the presence or absence of the inhibitors
(the LSA extract, the LSE extract or acarbose) at several concentra-
tions (Figure 2). The inhibition constants (K)) of the inhibitors against
a.-amylase are shown in Table 3.

Effects of the LSA and the LSE extracts on in vitro
a-glucosidase activity

The LSA extract at every concentration tested significantly inhibited
a-glucosidase enzyme activity with the IC,  of 49.71+0.86 pig/mL (Table 4).
The LSE extract produced a slight and non-significant inhibition against
a-glucosidase enzyme (Table 4). Thus, the IC_ of the LSE extract against
o-glucosidase could not be determined.

Acarbose at the concentration of 200 pg/mL had a significant inhibition
against a-glucosidase with the % inhibition of 39.59+1.21%.

Table 1: The total phenolic content and the total flavonoid content of the
LSA and the LSE extracts.

Extracts Total phenolic content Total flavonoid content
(mg of GAE/ g of extract) (mg of QE/ g of extract)
LSA extract 11.56+0.35 21.44+1.11°
LSE extract 8.84+0.13 15.84+1.00

*p<0.05 when compared with the LSE extract; independent sample Student’s
t-test; n=5

Table 2: The percentage of inhibition of the LSA extract and the LSE
extract against a- amylase activity.

LSA extract LSE extract
Concentration % inhibition Concentration % inhibition
(ng/mL) (meanzx SEM) (ng/mL) (meanz SEM)
0 0.00£0.00 0 0.97+0.97
0.3 11.21£2.36 0.3 -1.65+2.12
0.5 15.57+3.29° 1 0.80+2.65
1 27.90+4.67 10 37.83+5.91"
3 52.12+3.71 30 71.70+2.54
5 55.56+3.05 60 91.70+1.94"
10 53.93+2.59 100 95.41+1.78"

*p-value <0.05 when compared with negative control; One-way ANOVA, Bonferroni
post-hoc test; n=6
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Figure 1: Lineweaver-Burk plots of the a-amylase-catalyzing reaction
in the presence or absence of (a) the LSA extract (1 ug/mL), (b) the LSE
extract (20 pg/mL) and (c) acarbose (100 pg/mL). (mean + SD, n=6).

Table 3: Enzyme kinetics study and inhibition constant (K) of the test

agents against a-amylase and a-glucosidase.

Agents a-amylase a-glucosidase
AV DK K AV AK, K
LSA extract -0.72 +0.16 6.26 -0.34 +0.01 42.24
LSE extract -1.12 +0.43 3.01 n/d n/d n/d
Acarbose -1.12 +0.33 12.43 -0.03 +0.33 47.24

n/d = The data was not determined.
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Figure 2: The rate of reaction vs. substrate concentration curve in
the presence of several concentrations of the inhibitors ((a) the LSA
extract, (b) the LSE extract and (c) acarbose) against a-amylase activity.
(mean * SD, n=3)

Table 4: The percentage of inhibition of the LSA extract and the LSE
extract against a-glucosidase activity.

Concentration (pg/mL) % inhibition (meanx SEM)

LSA extract LSE extract

0 0.00£0.00 0.00£0.00

3 12.07+2.45* 10.82+1.41

10 15.54+1.95* 16.41+3.29
30 22.90£3.27* 9.77+3.06
50 48.93+1.37* 7.91+2.67
100 68.26+0.98* 9.04+3.90
300 65.63£1.69* 8.06+2.07

*p-value <0.05 when compared with negative control; One-way ANOVA,
Bonferroni post-hoc test; n=3

Effects of the LSA extract on a-glucosidase enzyme
kinetics

The LSA extract at the concentration of 50 pg/mL (approximate IC,))
produced a decrease in V__and a trivial increase in K from the Line-
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Figure 3: Lineweaver-Burk plots of the a-glucosidase-catalyzing
reaction in the presence or absence of (a) the LSA extract (50 pg/mL)
and (b) acarbose (200 pg/mL). (mean + SD, n=6).

weaver-Burk plot (Figure 3, Table 3). Meanwhile, acarbose (200 pg/mL)
changed the o.-glucosidase enzyme kinetics with an increase in K_and a
slight decreasein V__ .

The rates of reaction (v) were determined at various concentrations of
the substrate (p-NPG) in the presence of the inhibitors (the LSA extract or
acarbose) at different concentrations (Figure 4). The inhibition constants
(K) of the inhibitors against a.-glucosidase are shown in Table 3.

DISCUSSION

The LSA and the LSE extracts produced significant inhibitory actions
against o.-amylase activity with the IC_ of 1.21+0.16 and 22.21+4.00 pg/mL,
respectively. The LSA extract also had a significant a-glucosidase
inhibiting activity with the IC, of 49.71+0.86 ug/mL. Nonetheless,
the LSE extract caused a slight and non-significant inhibition against
o-glucosidase. The inhibitory potency of the LSA extract against
o-amylase was thus higher than that of the LSE extract. Additionally,
the a-amylase inhibitory action of the LSA extract was more potent
than its a-glucosidase-inhibiting activity. The inhibitory actions against
both o-amylase and o.-glucosidase of the hot water extract of Lagerstroemia
speciosa (L.) Pers. leaves were demonstrated previously with the higher
IC,, of 530 and 890 pg/mL, respectively.’® Although the IC__ of the
extracts against carbohydrate-digesting enzymes found in this study
are somewhat different from those reported earlier by Suzuki et al. both
studies showed the higher potency of the extracts against a.-amylase over
a-glucosidase activity. The discrepancy of the IC,_ values found between
the studies may be due to the differences in plant sources and methods
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Figure 4: The rate of reaction vs. substrate concentration curve in the
presence of several concentrations of the inhibitors ((a) LSA extract
and (b) acarbose) against a-glucosidase activity. (mean + SD, n=3)

of extraction. The a-amylase inhibitory action of the 50% methanolic
extract of Lagerstroemia speciosa (L.) Pers. leaves was reported by
Hansawasdi et al. However, the IC,, was not determined in their study."
The acetone extract of the plant leaves was found to possess a-amylase
inhibitory action with the IC_ of 244 pg/mL."”> Meanwhile, the ethyl
acetate leaf extract of Lagerstroemia speciosa (L.) Pers. selectively inhibited
a-glucosidase (IC_ of 88.72+1.02 ug/mL), without any inhibitory action
against o-amylase."” Taken together, it is likely that the aqueous extract
used in this study possessed more potent inhibitory actions against
carbohydrate-digesting enzymes than the other solvent extracts. These
are in agreement with the traditional use of the plant leaves as herbal tea,
prepared by decoction or infusion with hot water, for the treatment of
diabetes mellitus.®

Several phytochemical compounds found in Lagerstroemia speciosa
(L.) Pers. leaf extracts have been reported to possess ci-amylase and
o-glucosidase inhibiting activities. These included triterpene acids (e.g.
corosolic acid, oleanolic acid, ursolic acid), flavonoids (e.g. kaempferol,
quercetin, isoquercetin), ellagitannins, valoneaic acid dilactone and
caffeic acid.'*'*'¢1822 Among these active phytochemicals, the phenolic
compounds with low octanol-water partition coefficient, which indi-
cates their high hydrophilicity, are isoquercetin, ellagitannins, ellagic
acid and caffeic acid. These more polar phytochemicals possibly acted
as o-amylase and a-glucosidase inhibitors in the extracts used in this
study since the LSA extract had the higher potency of carbohydrate-
digesting enzyme inhibition. Consistently, the amounts of TPC and
TFC in the LSA extract were significantly higher than those were in
the LSE extract. Nonetheless, further studies are required to spec-
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ify the active phytochemicals acting against carbohydrate-digesting
enzymes in the tested extracts. The phytochemical constituents with
carbohydrate-digesting enzyme inhibitory actions in several plants
including banaba play an essential role as a natural defence mechanism
against insect pest.” The enzyme inhibitors suppress food digestion of
the insect through their actions against carbohydrate-digesting enzymes.

The Lineweaver-Burk plots were generated in order to characterize
modes of enzyme inhibition, which indicated by alterations of V__and
K . The y-intercept of the Lineweaver-Burk plot is equivalent to the
inverse of V., whilst the x-intercept of the plot represents —1/K . From
the o-amylase enzyme kinetics study, the two extracts and acarbose
(positive control) caused similar changes in the enzyme kinetics with a
reduction in V___but an increase in K _. This indicated that they inhibited
o-amylase in a mixed-inhibition manner. Acarbose was also previously
described as a mixed inhibitor against o-amylase.***® The degree of
changesin V__and K caused by the LSE extract was comparable to that
modified by acarbose, whereas the LSA extract produced a lower degree
of changes in both V_and K . For the o-glucosidase enzyme kinetics,
the LSA extract and acarbose (positive control) induced a depletion of
V_.. and a rise of K_. This suggested that the LSA extract and acarbose
also inhibited a-glucosidase enzyme in a mixed inhibition manner. On
the other hand, the competitive inhibition against o.-glucosidase of acarbose
was demonstrated earlier.” Nonetheless, it should be noted that the
levels of K_increment and V,_reduction found in this study were only
trivial in the presence of the LSA extract and acarbose, respectively. The
inhibition constants (K,) of both extracts against a.-amylase were lower
than that of acarbose. Concomitantly, the LSA extract also had a lower K
value against o-glucosidase than acarbose. Thus, the tested extracts had
higher binding affinities toward both carbohydrate-digesting enzymes.
This indicated that the enzyme inhibitors in the extracts could bind
effectively with the enzymes even when using the low concentration of
the extracts.

In the clinical use, an enzyme inhibitor with a mixed mode of inhibition
provides some advantages over competitive or non-competitive inhibitors
since the rate of carbohydrate digestion is suppressed distinctly even
when an increased amount of substrate (carbohydrate) is consumed.
When only a low amount of substrate is ingested, the rate of carbohy-
drate digestion is also markedly diminished in the presence of a mixed
enzyme inhibitor. In other words, an inhibitory action of a mixed enzyme
inhibitor does not depend on the level of substrate. Furthermore, the
LSA extract inhibited both a-amylase and a-glucosidase activities. This
also provides some benefits over an inhibition against each enzyme alone
since digestions of various types of carbohydrate (e.g. starch, oligosac-
charides and disaccharides), can be restricted in the presence of the
extracts with dual enzyme-inhibiting actions.

Lagerstroemia speciosa (L.) Pers. leaf extracts have been shown to produce
their plasma glucose-lowering actions via various mechanisms of action
such as enhancement of insulin sensitivity, stimulation of cellular glucose
uptake and inhibition of hepatic gluconeogenesis.®?”* The carbohydrate-
digesting enzyme inhibitory actions of the LSA and the LSE extracts
demonstrated in this study thus additionally explain the anti-diabetic
mechanisms of the plant and further suggest its potential use for a control
of postprandial plasma glucose.

CONCLUSION

Both LSA and LSE extracts inhibited a-amylase enzyme in a mixed inhi-
bition manner. The LSA extract also acted as a mixed inhibitor against
a-glucosidase enzyme, whilst the LSE extract had no inhibitory action
against a-glucosidase activity. These results suggest the potential use of
the extracts for a control of postprandial plasma glucose.

$117



Khunawattanakul, et al.: carbohydrate-digesting enzyme inhibitions of Lagerstroemia speciosa (L.) Pers. leaf extracts

ACKNOWLEDGEMENT

This project was financially supported by Mahasarakham University
Research Support and Development Fund (grant number 610104/2561).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ABBREVIATIONS

IC,,

: median inhibitory concentration; K : Substrate concentration
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SUMMARY

e The LSA extract possessed the inhibitory actions against a-amylase and

a-glucosidase enzymes with the IC,; of 1.21+0.16 and 49.71+0.86 ug/mL,
respectively.

e The LSE extract significantly inhibited a-amylase activity (IC,, of 22.21+4.00

ng/mL) with no apparent inhibition toward a-glucosidase activity.

e The extracts performed their inhibitions against the carbohydrate-digesting en-
zymes in the mixed inhibition manner.

e These in vitro carbohydrate-digesting enzyme inhibitions partly justified the
mechanisms of action of Lagerstroemia speciosa (L.) Pers. leaves for the treat-
ment of diabetes mellitus in folk medicine
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