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The antioxidant activities and inhibitory effects on
a-glucosidase and a-amylase of ethanolic and aqueous
extracts from various parts of Thai Caesalpinia sappan L.
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ABSTRACT: Caesalpinia sappan (CS) has been commonly used in beverage and folk medicine in China and ASEAN
countries because of its various therapeutic properties. Only the heartwood has long been used in traditional medicines
due to the presence of high concentration of brazilin (one of the most important bioactive compounds), whereas the
other parts are limited in use. Thus, this work aimed to investigate ways of utilizing other parts of CS. This information
is important for further use of other CS parts to promote zero waste and hence sustainable resource utilization. Herein,
the crude ethanolic (CEE) and crude aqueous (CAE) extracts from twelve parts of CS were evaluated for their biological
activities for the first time. Our work demonstrates that not only the heartwood, but also other parts of CS exhibit
interesting biological activities. CAE from heartwood of branches exhibits the highest antioxidant activity, which is
higher than that of the positive control, butylated hydroxytoluene. CEE from florets shows the highest inhibitory effect
against a-amylase, while CAE of barks shows better a-glucosidase inhibitory activity than the existing glucosidase
inhibitor (acarbose). Molecular docking of brazilin (key bioactive compound) to both a-amylase and glucosidase can
also confirm the tight binding of brazilin to a-glucosidase.

KEYWORDS: Caesalpinia sappan, brazillin, molecular docking, a-glycosidase, a-amylase

INTRODUCTION levels [14, 15], suggesting that CS may be used as an
alternative treatment for diabetes. Nonetheless, all
studies only focused on the heartwood extract where
the pharmaceutical activities of other parts remain
unknown. Sappan wood is often planted as a liv-

ing hedge due to its easy growth and dense growth

Caesalpinia sappan (CS) or sappan wood is distributed
in China and Southeast Asia. Its heartwood is used as
ared pigment and an additive in food due to no unique
flavor [1-3]. The dried heartwood of CS has long

been used in traditional medicines for emmenagogue,
anti-inflammation, hemostasis, and improving blood
flow [4-6]. The heartwood was reported to be rich in
homoisoflavonoids and brazilins [5,7,8]. Especially,
brazilin was reported to show the antioxidant [9],
anti-inflammatory [10], anti-acne [11], and antimi-
crobial [12] activities. Brazilin is one of the most
important bioactive compounds found in CS and has a
wide range of industrial applications including textile,
food, and pharmaceutical area [5,13]. Recently, CS
has been reported to reduce and control blood glucose
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characteristics. In Thailand, Sappan wood acts as the
land boundaries for protecting plantations against wild
animals. Only heartwood is utilized for a medicinal
propose. CS heartwood extracts have been recognized
as safe plant extract and long been used as medical
ingredient due to their high bioactive properties [5].
To get the heartwood, it is required to cut down as a
whole where the rest are left as waste. To date, there
is no information on biological activities of other CS
parts. This information is important for further use
of other CS parts to promote zero waste and hence
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Fig. 1 Photographs of Caesalpinia sappan a: yellow flowers, b—c: hard and indehiscent pod fruit with a hard recurved beak at
the upper angle, d: compound leaves, e: stem with scattered spines, f: tap root system, g: shrub, h: trunk split into 2 branches,

and i: dark red heartwood.

sustainable resource utilization.

Thus, we aimed to investigate the biological ac-
tivities of other parts of Thai CS. We first obtained
the crude ethanolic (CEE) and crude aqueous (CAE)
extracts from twelve parts of Thai CS, which are
barks, bark of branches, seeds, heartwood, heartwood
of branches, leaves, sapwood, sapwood of branches,
twigs, florets, pods, and roots (Fig.1). Then, the
antioxidant activities, o-amylase and a-glucosidase
inhibitory activities, and cytotoxicity against Vero cells
of all parts were determined. The amount of bioactive
brazilin in each part was also investigated in this
work. These results are useful for improving resource
utilization and reducing resource damage.

MATERIALS AND METHODS
Sample preparation and extraction

CS wood was collected from Khao Soi Dao silvicul-
tural research station, Chanthaburi, Thailand. The
identification and voucher specimens (N0.02010) were
deposited in the natural trails located in Plant Genetic
Conservation Project under the Royal initiative of Her
Royal Highness Princess Maha Chakri Sirindhorn at

Rambhai Barni Rajabhat University. Twelve parts of
CS were finely chopped and weighed. Then, the
samples were oven-dried at 60°C and weighed. All
dried samples were kept in zip-lock bags in a presence
of silica gel. Water or ethanol was then used to get
crude extracts from the samples. For CAE, one of the
twelve dried parts of CS (30 g) was mixed with 450 mL
of distillate water and refluxed at 100-140°C for 1 h.
After cooling down, the extract was filtered with sterile
straining cloth and then with filter paper no. 1 (11-yum
pore). After that, the filtrate was lyophilized to obtain
dried crude extract. The dried extract was weighed
to calculate the yield percentage. For CEE, a similar
protocol to aqueous extract preparation was used, but
95% ethanol (Daejung Chemical & Metals, Korea) was
added to the round-bottomed flask instead of water.

General cell culture method

Vero cells were cultured in Dulbecco’s modified eagle
medium (DMEM, Gibco, USA) with 10% fetal bovine
serum (FBS, HyClone, UK). To cells with ~90% con-
fluency, 0.05% trypsin-EDTA was added to detach the
cells. Then, the cells were centrifuged at 1,200 rpm at
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4°C. The cells were resuspended in 1 ml of DMEM, and
the number of cells was determined by using a manual
hemocytometer. The cell concentration was adjusted
to achieve the desired concentration.

Cytotoxicity assay

The cytotoxicity of twelve CS parts against Vero cells
was assayed. First, Vero cells (15,000 cells) were
added into 96-well plates and incubated at 37 °C and
5% CO, for 24 h. With this cell density, the monolayers
were ~100% confluent at the time of the experiment.
With cells at this confluency, the supernatant was
discarded and washed twice with fresh DMEM. CS
extracts were then added to the wells, and the plates
were incubated at 37°C and 5% CO, for 72 h. The
cell viability was determined by MTT assay. First,
the supernatant was removed, and 20 pl of MTT
reagent (2 mg/ml, Bio Basic, Canada) was added.
The plates were incubated at 37°C and 5% CO, for
4 h. Then, DMSO (100 pl) was added to dissolve
Formazan crystals. The absorbance at 540 and 630 nm
was measured by a microplate reader (Biochrom, UK).
The cell viability was calculated using the following
formula:

A540, — A630,

Viability (%) = —— -t
fability (%) = 20, —A630,

x100,

where A540, = absorbance at 540 nm of the CS
extract-treated wells, A630, = absorbance at 630 nm
of the CS extract-treated wells, A540. = absorbance at
540 nm of the control wells, and A630, = absorbance
at 630 nm of the control wells.

The 50% cytotoxic concentration (CCsy) of each
CS extract was determined by Probit analysis.

Antioxidant activity by DPPH assay

To make a standard solution of butylated hydroxy-
toluene (BHT, Panreac Sintesis, Spain) and gallic acid
(1000 pg/ml, Sigma-Aldrich, Germany), 0.0010 g of
the compound was mixed with 1 ml of ethanol. These
two solutions were used as positive controls. The
stock solution of BHT was diluted with ethanol to
achieve the concentrations of 0.02, 0.04, 0.06, and
0.08 pg/ml. The stock solution of gallic acid was
diluted with ethanol to achieve the concentrations of
0.002, 0.004, 0.006, and 0.008 pwg/ml. Each solution
(100 pl) was added to a 96-well plate. Ethanol was
used as a control solution. Then, 100 pl of 200 uM
2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich)
was added to each well except the blank control, in
which 100 pl of ethanol was used instead. The plate
was incubated at room temperature in the dark. After
30-min incubation, the absorbance at 490 nm was
measured by a microplate reader. The experiments
were performed in triplicate. The antioxidant activity
percentage (% Inhibition) was calculated by using the
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following formula:

(Abscontrol - Abssample) y

% Inhibition = b
Scontrol

100,

where Abs,,,o1 = absorbance at 490 nm of the control
wells and Absg,yp. = absorbance at 490 nm of the
samples.

Then, a linear correlation of sample concentration
(x axis) and % Inhibition (y axis) was plotted, and the
IC5, values were determined for each compound.

The antioxidant activities of CAE and CEE were
determined by two-fold serial dilution. To 0.0010 g
of the extract, 200 pl of DMSO was added, and the
solution was diluted with 800 pl of ethanol to achieve
the concentrations of 2, 1, 0.5, 0.25, and 0.125 mg/ml,
respectively. Then, a 100-pl aliquot of each concen-
tration was added to a 96-well plate and followed by
adding 100 pl of 200 uM DPPH except the blank con-
trol, in which 100 pl of ethanol was used instead. The
plate was incubated at room temperature in the dark.
After 30-min incubation, the absorbance at 490 nm
was measured by a microplate reader. The experiments
were performed in triplicate. The antioxidant activity
percentage (% Inhibition) was calculated by using the
above formula, and the 50% inhibitory concentration
(ICs() values were determined for each extract.

Antioxidant activity by FRAP assay

The protocol for Ferric Reducing Antioxidant Power
(FRAP) assay was adapted from a previous work [14].
In this assay, an antioxidant reduces ferric tripyridyltri-
azine (Fe3T-TPTZ) to ferrous tripyridyltriazine (Fe?*-
TPTZ), which is purple and absorbs light at 600 nm.

To obtain a standard curve, 0.001 g of ferrous
sulfate (Ajax Finechem, Australia) was dissolved in
Milli-Q water to achieve a concentration of 1 mg/ml
and then was diluted to achieve working concentra-
tions of 50, 100, 250, 350, and 500 p.g/ml. A 20-ul
aliquot of the standard solutions was added to a 96-
well plate and followed by the FRAP reagent (180 ul).
The plate was incubated at room temperature in the
dark for 8 min. Then, the absorbance at 600 nm was
measured by a microplate reader. A plot of ferrous
sulfate concentration as a function of the absorbance
at 600 nm was generated and used as a standard curve
for ferrous sulfate. Another standard curve for Trolox
(Acros organics, Belgium) was obtained by repeating
the above protocol.

To determine the FRAP values, CAE and CEE with
a concentration of 1 mg/ml were prepared. A 20-pl
aliquot of each extract was added to a 96-well plate
with a FRAP reagent (180 pl). The plate was incubated
at room temperature in the dark for 8 min. Then, the
absorbance at 600 nm was measured by a microplate
reader. Each condition was performed in triplicate, and
each experiment was repeated in triplicate. The FRAP
value was determined by using the standard curves of
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ferrous sulfate and Trolox. The results were expressed
as mg Fe (I)/g (FRAP values) and mg Trolox/g of
extract sample (TEAC values). The positive controls
were BHT and gallic acid as mentioned in the DPPH
assay.

a-Amylase inhibitory assay

The protocol was adapted from a literature [16]. Acar-
bose, a current glucosidase inhibitor, was used as a ref-
erence in this section. To prepare a standard solution of
acarbose at a concentration of 10 mg/ml, 50-mg Glu-
cobay (Bayer Pharma AG, Germany) was ground finely
and dissolved in 3 ml of DMSO. The mixture was then
vortexed and centrifuged for 10 min. The supernatant
was collected and adjusted to 5 ml with DMSO. The
stock solution was diluted with phosphate buffered
saline (PBS) at pH 7.0 to obtain concentrations of
0.005, 0.010, 0.020, and 0.030 mg/ml, respectively.

To prepare a 50-mg/ml stock solution, 0.0500 g of
each extract (CAE and CEE) was dissolved in 1 ml of
DMSO and sonicated for 20 min. The stock solution
was then diluted with buffer to achieve concentrations
varying from 3 to 30 mg/ml. A 20-pl aliquot of the
diluted solution was mixed with 20 pl of 1% starch in
a 96-well plate. Then, a 30-pl aliquot of a-amylase
was added, and the plate was incubated at room tem-
perature for 5 min. After the incubation, the reaction
was quenched with 20 ul of HCl (1 M) and 80 pl of
a 1% iodine solution. The absorbance at 650 nm was
measured by a plate reader. The assay was conducted
in triplicate. The inhibition percentage was calculated
by using the following formula:

[((A-B)—-(C-D)]
(A—B)

% Inhibition = %100,

where A = absorbance at 650 nm of control, B =
absorbance at 650 nm of control blank, C = absorbance
at 650 nm of sample, and D = Absorbance at 650 nm
of sample blank.

A correlation of % Inhibition and concentration
was plotted, and the IC5, was determined.

a-Glucosidase inhibitory assay

The protocol was adapted from a literature [16].
Preparation of a 10 mg/ml standard solution of acar-
bose was the same as described in a-Amylase in-
hibitory assay. The stock solution was diluted with
phosphate buffered saline (PBS) at pH 7.0 to achieve
concentrations of 0.375, 0.750, 1.50, and 3.00 mg/ml.

To prepare a 10-mg/ml stock solution, 0.0100 g of
CS extracts was dissolved in 1 ml of DMSO and soni-
cated for 20 min. The stock solution was then diluted
with buffer to achieve concentrations varying from
0.375 to 3.00 mg/ml. A 20-ul aliquot of the diluted
solution was added to a 96-well plate and followed
by a 50-pl aliquot of a 5-mM solution of 4-nitrophenyl
p-D-glucopyranoside (PNPG, Tokyo Chemical Industry,
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Japan) and a 60-pl aliquot of a-glucosidase from Sac-
charomyces cerevisiae (0.3 U/ml, Sigma-Aldrich). The
plate was incubated at room temperature for 30 min.
After the incubation, the absorbance at 405 nm was
measured by a plate reader. The assay was conducted
in triplicate. The inhibition percentage was calculated
by using the following formula:

[(A—B)—(C—D)]

% Inhibition = (A—B)

%100,

where A = absorbance at 405 nm of control, B =
absorbance at 405 nm of control blank, C = absorbance
at 405 nm sample, and D = absorbance at 405 nm
sample blank.

A correlation of % Inhibition and concentration
was plotted, and the ICs, was determined.

Brazilin concentration analysis in the CS extracts

To prepare a 200-ug/ml standard solution, brazilin
(0.002 g, Sigma-Aldrich) was dissolved in 10 ml of
99.9% methanol. The stock solution was diluted with
a mixture of 0.3% acetic acid and acetonitrile (88.5%
and 11.5%, respectively) to achieve concentrations
varying from 0.05 to 20 p.g/ml. The resulting solution
was filtered through a 0.45 pm filter and stored in a
HPLC vial.

To prepare a 500 ug/ml solution, the CS extract
(0.005 g) was dissolved in 10 ml of 0.3% acetic acid
and acetonitrile mixture (88.5% and 11.5%, respec-
tively). The nonpolar compounds were removed from
the solution by solid phase extraction (SPE, C8). The
resulting solution was filtered through a 0.45 pm filter
and stored in a HPLC vial.

For qualitative analysis of brazilin in the CS ex-
tracts, 10 pl of the filtered solutions was injected
into a HPLC with the following conditions: C18
(4.6 mm x 250 mm) column, the mobile phase com-
position of 0.3% acetic acid/acetonitrile (88.5/11.5),
detecting wavelength at 280 nm, and flow rate of
1.00 ml/min with isocratic mode. The peaks and
their retention times were compared between standard
brazilin and the CS extracts.

For quantitative analysis of brazilin in the CS ex-
tracts, a standard solution of brazilin at concentration
varying from 0.05-20 p.g/ml was injected into HPLC.
A correlation of concentration and area under the peak
was plotted. Then, the solution of the CS extracts was
injected into HPLC, and the concentration of brazilin
in each CS extract was determined by using the area
under the peak. The experiments were conducted in
triplicate.

Molecular docking

The crystal structures of a-glucosidase (PDB code:
3WY2) and a-amylase (PDB code: 1SMD) were down-
loaded from the PDB databank (https://www.rcsb.
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Table 1 Cytotoxicity of the ethanolic and aqueous CS extracts
to Vero cells. Different superscript letters in each column
denoted significant difference (p < 0.05). a-n represents the
order of significant difference values by “a” representing the

highest value and “n” representing the lowest value.

Cytotoxicity CCsq (ug/ml)

Part

CEE CAE
Bark 217.99+23.94f  579.55+49.66f
Bark of branch 139.4749.52>¢  473.59+19.814
Seed 137.934+2.77%  355.87+37.05¢
Heartwood 145.09+4.17¢¢  110.19+28.832

Heartwood of branch

Leaf
Sapwood

Sapwood of branch

104.85+7.212
101.21 £2.58%
239.38+12.698
166.38 £16.31¢

318.73+34.85¢
724.21+32.858
234.67+7.10°
546.01+41.38°f

Twig 159.35+£4.679¢  389.78 +6.24%
Floret 224.19+4.33f 422.22+1.63%4
Pod 126.924+3.71>  1,152.39+176.07"
Root 159.78+£3.66%  218.80+5.86°

org). All hydrogen atoms were added into both struc-
tures. The three-dimensional Brazilin structure and
its parameters were generated using Discovery Studio
v21.1.0.20298 [17]. Brazilin was docked into the
active sites of both a-glucosidase and a-amylase using
GOLD 5.1 software [18]. The best binding mode and
energy were computed for each protein.

Statistical analysis

Data are expressed as mean =+ SD from three separate
observations. For in vitro biological activities and
brazilin content, one way ANOVA test followed by
pairwise comparisons (p < 0.05) were used to an-
alyze the differences among activities of various CS
parts. The regression analysis was used to estimate the
relationships between brazilin content and biological
activities.

RESULTS AND DISCUSSION
Biological activities of CAE and CEE extracts

CAE and CEE extracts were prepared from twelve
parts of CS collected from Khao Soi Dao silvicultural
research station, Chantaburi province. The percentage
yield is listed in Supplementary data. Five biological
activities (cytotoxicity to Vero cells, antioxidant activity
by DPPH and FRAB a-amylase inhibition activity, and
a-glucosidase inhibition activity) of the CS extracts
were determined. The cytotoxicity of the CS extracts
is needed to be determined to acquire the optimal
concentrations of the extracts that are not toxic to the
cells [19, 20]. Since CS parts have already been used
in many local products and traditional medicines, the
cytotoxicity tests of each CS part become important for
further use.

The cytotoxicity of CAE and CEE was evaluated
using cell viability assay on Vero cells and shown as
CCsy (Table 1). The CCs, values of CEE from dif-
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ferent parts are ranged from 101.21-239.38 pg/ml,
while those of CAE are in the range of 110.19-
1,152.39 pug/ml. Overall, it is clear that CAE shows
less toxicity to cells than CEE. Therefore, CAE seems
to be more practical to be used than CEE due to
its lower cytotoxicity. For CEE, leaves and heart-
wood of branches exhibited the highest cytotoxic-
ity (101.21+2.58, and 104.85+7.21 pg/ml, respec-
tively), whereas that from sapwood displayed the
lowest cytotoxicity (239.38+12.69 pg/ml). In case
of CAFE, it is interesting that CAE from heartwood
displayed the highest toxicity, while the pods showed
the least cytotoxic effect (1,152.39+176.07 pg/ml).
These cytotoxic results demonstrate that the overuse
of the heartwood can produce harmful effect to human
health. This also highlights the importance of this work
to determine the biological activities of other parts to
use as the heartwood substituent. For example, CAE
from pods with the least cytotoxicity can serve as one of
the possible alternatives. It is interesting that CEE from
heartwood exhibited a comparable degree of cytotox-
icity to its corresponding CAE, while CEE from heart-
wood of branches showed approximately 3-fold higher
toxicity than that of CAE. We speculated that the dif-
ference may arise from their different compositions of
phenolic components, including xanthone, coumarin,
chalcones, flavones, homoisoflavonoid, brazilin, and
so on. Moreover, these small molecules possess differ-
ent solubilities in water and ethanol [5].

Furthermore, the antioxidant activities of CAE
and CEE were also investigated (Table 2). Based
on DPPH assay, both CAE and CEE show a com-
parable degree of antioxidant activities. CEE ex-
tracted from heartwood of branches, roots, heart-
wood, barks, sapwood of branches, and sapwood
seems to show high antioxidant activities (IC5, of
19.03+1.84,19.73+1.63, 24.37 £2.06, 32.07 £ 6.46,
33.10+£2.04, and 45.20+2.42 pg/ml, respectively)
which are also higher than the standard antioxidant,
BHT (48.37+4.65 pg/ml). On the contrary, only
two CAE from heartwood of branches and heartwood
displayed higher antioxidant activity than BHT (ICs,
of 18.1+5.86, and 29.17+6.33 ug/ml). In previous
studies, the heartwood extract was reported to show
high antioxidant activity [21,22]. Here, not only the
heartwood extract, but also the heartwood of branches
demonstrated the high antioxidant activity. More-
over, it is interesting that the heartwood of branches
also showed a comparable degree of free-radical scav-
enging activity to the heartwood extract (Table 2).
These findings imply the potential use of heartwood
of branches as an alternative source for a medicinal
use. Nevertheless, all CS extracts still exhibited lower
antioxidant activities than gallic acid, another antioxi-
dant standard (5.37+0.29 p.g/ml) (Table 2).

Moreover, based on the FRAP assay, seven
CEEs (heartwood of branches, heartwood, sapwood
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Table 2 Antioxidant activities of CS extracts. Different superscript letters in each column denoted significant difference

(p < 0.05). a—n represents the order of significant difference values by “a

won w”

representing the highest value and “n” representing

the lowest value.

Antioxidant Activity
Part DPPH (ICs5, pg/ml) FRAP value (ug Fe (II)/mg) TEAC value (u.g Trolox/mg)
CEE CAE CEE CAE CEE CAE

Bark 32.07+6.46°  83.67+7.77% 411.19+0.28f 480.86+0.41f 267.48+0.33f 277.21+0.72f
Bark of branch 56.20+£2.33%  67.27+1.29¢ 196.50+0.33" 585.45+0.48° 122.05+0.19" 337.13+0.27¢
Seed 304.43+£20.12¢ 230.13+19.10" 50.11+0.54™ 214.374+0.37%  22.88+0.37™  123.72+0.21%
Heartwood 24.37+2.06°  29.17+6.33> 513.54+0.219 857.16+0.25> 336.83+0.21¢ 494.15+0.29¢
Heartwood of branch ~ 19.03+1.84°  18.10+5.86% 615.324+0.46> 985.53+0.43% 405.58+0.24b  568.03+0.25 b
Leaf 975.17+48.389 317.83+£18.400  20.42+0.36" 103.49+0.41" 2.7740.24" 59.82+0.24"
Sapwood 4520+2.427 164.70+5.41%8 405.16+0.48% 413.67+0.168  263.40+0.398 238.49+0.14"
Sapwood of branch 33.10+£2.04% 151.134+1.29% 523.02+0.46° 244.48+0.51)  343.51+0.22° 140.99+0.18
Twig 145.734+2.85>  95.70+0.60¢f 110.54+0.577 437.25+0.47"  63.83+0.33 252.16+0.238
Floret 270.73+63.58° 110.30+7.05f  77.59+0.44X 273.44+0.25! 41.50+0.31% 157.68+0.18!
Pod 300.70£59.53¢ 307.93+25.51'  75.85+0.23' 118.24+0.47™  40.32+0.16' 68.24+0.40™
Root 19.73+1.632  67.30+£2.469  440.79+0.08° 817.52+0.11°  287.54+0.05¢ 471.30+0.064
Positive control

BHT 48.37+4.658  48.37+4.65° 153.60+0.14] 153.60+0.14! 85.72+0.11 85.72+0.11!
Gallic acid 5.37+0.297 5.3740.29°  785.72+0.28% 785.724+0.289  577.37+0.222 577.37£0.22°

Table 3 The a-amylase and a-glucosidase inhibitory activities of CS extracts. Different superscript letters in each column

denoted significant difference (p < 0.05). a-n represents the order of significant difference values by “a

highest value and “n” representing the lowest value.

won

representing the

Enzyme inhibitory activity, ICsq (ug/ml)

Part a-amylase a-glucosidase
CEE CAE CEE CAE

Bark 226.67 +5.86f 2,405.33+51.168 122.00+2.65° 59.00+ 8.00?

Bark of branch 199.67 £4.04¢ 1,563.33+152.224 158.67+5.13¢ 143.67+3.51¢

Seed 172.33+11.594 1,483.67 +67.314 136.00+3.61¢ 171.33+20.114
Heartwood 280.67 +15.958 2,105.33+67.04F 69.67+5.132 90.67+5.51P
Heartwood of branch 271.67+11.378 2,021.67 +58.59f 81.00£5.572 97.33+6.66°
Leaf 167.00+ 6.004 842.33+26.31¢ 138.00 + 4.36° 150.67 + 4.04¢

Sapwood 170.67 +8.624 1,998.67 +97.60f 132.00+2.00¢ 144.334£2.52¢

Sapwood of branch 168.00 £ 8.544 1,774.33 +£94.32¢ 129.00 £ 4.58° 144.33+1.93¢

Twig 169.33+6.514 3,181.00+ 180.80" 156.67+3.519¢ 282.67+10.028
Floret 128.33+6.35° 394.33+1.15P 288.33+2.08" 256.67 + 4.73f

Pod 149.67 +6.03¢ 858.33+17.16¢ 148.33 + 14.644 153.33+6.03¢

Root 151.00413.11¢ 2,069.33 +227.85f 178.67+2.52f 211.67 +5.86¢

Positive Control
Acarbose

3.00+£0.00%

3.00£0.002

219.50+5.138

213.83+11.69°

of branches, roots, barks, sapwood, and barks of
branches) exhibited promising ferric-reducing activ-
itles when compared with BHT. So do ten CAEs
(heartwood of branches, heartwood, roots, barks of
branches, barks, twigs, sapwood, florets, sapwood of
branches, and seeds). Interestingly, the heartwood
of branches showed the highest ferric-reducing activ-
ity in both CEE and CAE with the FRAP values of
615.32+0.46 and 985.53+0.43 ug Fe (II)/mg, re-
spectively (or Trolox equivalent antioxidant capac-
ity (TEAC) of 405.58+0.24 and 568.03+0.25 g
Trolox/mg, respectively). These values are higher than
that of BHT and are comparable to that of gallic acid.

Moreover, the heartwood extracts were found to

be able to treat diabetes by reducing blood sugar
[14,15,23,24]. oa-amylase and a-glucosidase were
reported to control postprandial hyperglycemia and
reduce the risk of developing diabetes [25-27]. Con-
trolling activities of both enzymes were found to ben-
efit diabetes treatment and management [28-30]. Al-
though the heartwood extract was reported to inhibit
both enzymes, no data on other CS parts are avail-
able. Thus, the inhibitory effect of crude extracts from
different CS parts on a-amylase and a-glucosidase
was studied (Table 3). Both extracts seemed to show
inhibition ability against both enzymes, but CS extracts
appeared to perform better in the inhibition of a-
glucosidase. Seemingly, CS extract is more effective
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Table 4 Brazilin content of all extracts from CS. Different
superscript letters in each column denoted significant difference
(p < 0.05). a-n represents the order of significant difference

values by “a” representing the highest value and “n” representing
the lowest value. The symbol “-” refers to undetectable.

Brazilin Content (mg/100g sample)

Part
CEE CAE

Bark 1.57+0.154 1.9340.12¢
Bark of branch 1.33+0.234 4.03+0.21¢
Seed - -
Heartwood 16.17 +£3.35P 13.80+0.17°
Heartwood of branch ~ 20.50+1.872 15.00+£0.102
Leaf - -
Sapwood 1.00+0.264 0.30+0.00°
Sapwood of branch 1.33+0.864 0.50+0.00°
Twig 0.57+0.254 -
Floret - -

Pod 4.2340.15¢ -

Root 1.53+0.424 -

for a-glucosidase than a-amylase. Importantly, CS ex-
tracts clearly showed greater inhibitory effect against
a-glucosidase than acarbose (a commercial diabetic
inhibitor). This suggests CS extracts as one of herbal
medicine candidates for diabetes treatment. Among
all parts, the CEE and CAE from florets and CAE
from twigs demonstrated the lowest activities against
a-glucosidase. The heartwood extracts surprisingly
exhibited strong inhibitory activity on a-glucosidase.
The promising inhibitory ability of the heartwood ex-
tracts against a-glucosidase can imply their feasibility
to reduce the blood sugar and consequentially control
diabetes. Nonetheless, the high cytotoxicity of heart-
wood extracts reported must be aware. Promisingly,
not only the heartwood, but other parts also displayed
significant a-glucosidase-inhibiting activity. Especially,
CAE from barks (ICs, = 59.00+8.00 pg/ml) and
heartwood of branches (IC5, = 97.33+6.66 ug/ml)
showed a comparable degree of inhibitory effect to
heartwood CAE (ICsq = 90.67£5.51 pug/ml). Both
seem to be more encouraging to be used due to their
lower toxicity when compared to the heartwood ex-
tracts. Seemingly, other CS parts can also be used
as a-glucosidase inhibitors leading to the control of
blood sugar level. This finding becomes vital for the
community in terms of improving resource utilization
and reducing waste production.

Qualitative and quantitative analysis of Brazilin in
the CS extracts

Brazilin is the major bioactive compounds found in
CS and displays antidiabetic, antioxidant, and anti-
inflammatory activities [5,22,31], and therefore the
brazilin level in each CS part was also determined.
HPLC was used to identify the presence of brazilin
in each sample. The brazilin solution standard was
used as a reference, and its peak was observed at
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retention time (Ty) of 14.273 min (Fig. S1a). During
the injection of CS extracts into HPLC, a peak with
Tr of 14.789 min was identified as brazilin due to
its retention time being close to the brazilin standard
(Fig. S1b). Then, the brazilin standard was added
to the CS extracts, and the mixture was analyzed by
HPLC. The increased intensity of the peak with Ty of
14.789 min reflects the presence of brazilin.

Next, the amount of brazilin in CS extracts and
the percent yield were evaluated using the area under
the brazilin peak (Table 4). Our results agree with
many previous studies that the heartwood is the ma-
jor source of brazilin [5,22,32]. Furthermore, the
ethanolic condition seems to promote better brazilin
extraction than water. Interestingly, not only in the
heartwood, but brazilin is also found in other CS
parts. Especially, the heartwood of branches provides
a high content of brazilin (20.50+1.87 mg in CEE and
15.00+0.10 mg in CAE). In contrast, the undetectable
level of brazilin is found in seeds, leaves, and florets
(Table 4). The regression analysis between biological
activities (dependent variable, y) and brazilin content
(independent variable, x) was carried out (Table S2).
The brazilin level in each CS part appears to be cor-
related to the biological activity. The CS parts with
high inhibitory ability against a-glucosidase appear
to have high brazilin contents (Table 4) except the
bark extract, which shows good ability to inhibit a-
glucosidase, but the insignificant brazilin content was
identified. The inhibition ability found in barks may
be due to other active compounds. A further study is
required to identify such key compounds.

Molecular docking of brazilin to a-amylase and
a-glucosidase

Several studies demonstrate the ability of CS ex-
tracts on treating diabetes by reducing blood sugar
[14,15,23,33], but no molecular details can explain
this scenario. Also, recent studies have reported the
ability of brazilin in sappan wood to decrease blood
sugar and a-glucosidase activity [23,33]. Thus, in
this work, the main active compound, brazilin, was
selected to study its binding affinity to a-amylase and
a-glucosidase which are two important enzymes for
controlling hyperglycemia. Molecular docking was
carried out to explore the microscopic view of the
brazilin binding. The orientations of docked brazilin
in the binding pocket of both enzymes are shown in
Fig. 2.

The higher fitness score for a-glucosidase demon-
strates brazilin prefers a-glucosidase (56.42) to a-
amylase (47.66). In Fig. 2, the binding poses of
brazilin in both enzymes are revealed. In a a-
glucosidase system, brazilin can form five hydrogen
bonds with Asp62, Asp202, Glu271, Asp333, and
Arg400, respectively. In contrast, brazilin seems to
form a weaker interaction network to a-amylase.
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Fig. 2 Orientations of bound brazilin in the active site of a-glucosidase (A) and a-amylase (B). The 2D conformations of both
systems are shown on the right. The red dashed lines indicate a presence of hydrogen bonds calculated from Discovery studio

software.

Only an interaction with Asp197 is identified here.
All hydroxyl groups on brazilin can interact with a-
glucosidase, while only hydroxyl groups on 0-66 side
can interact with a-amylase. This can explain why
brazilin shows the higher inhibition affinities for a-
glucosidase than a-amylase in the experimental part.
The docking results also reveal the importance of hy-
droxyl groups of brazilin in binding. Especially, double
hydroxyl groups on o-dihydroxylbenzene side appear
to generate a significant hydrogen bond network.

CONCLUSION

In this work, the possibility of using other CS parts
as an alternative for medicinal use is investigated.
Most CS parts (heartwood of branches, heartwood,
roots, barks of branches, barks, twigs, sapwood, flo-
rets, sapwood of branches, and seeds) exhibited higher
antioxidant activity than standard agents. It is inter-
esting that the heartwood of branches provides the
highest antioxidant activity. Furthermore, not only the
heartwood, but heartwood of branches also contains
a high level of brazilin. This finding is important for
future use of other CS parts to reduce waste and sustain
resource utilization; however, the high cytotoxicity of
this part must be considered before use. Moreover, CS
is found to show high inhibition activities against a-
amylase and especially a-glucosidase. Brazilin seems
to prefer a-glucosidase to a-amylase due to higher
number of glucosidase-brazilin hydrogen bonds. The

findings in this study will be useful for alternative
diabetes treatment. An insight here can serve as a
guideline for sustainable resource utilization in the
community.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasial513-1874.
2023.059.
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Appendix A. Supplementary data

Table S1 The percent yield of the aqueous and ethanolic extracts from C. sappan.

S1

o v
Part of C. sappan Y Yield
Aqueous extract Ethanolic extract
Barks 3.90 0.44
Barks of branches 5.69 0.37
Seeds 8.81 4.40
Heartwood 2.12 5.53
Heartwood of branches 3.47 5.93
Leaves 13.4 9.00
Sapwood 0.63 0.40
Sapwood of branches 0.70 0.40
Twigs 1.66 0.06
Florets 15.4 13.5
Pods 4.30 2.26
Roots 2.62 1.23
Table S2 Regression analysis between brazilin content and biological activities.
Biological activities Solvent a b Adjusted R?
Cytotoxicity CCs, (ug/ml) Ethanolic —1914.1 160.28 0.59
Aqueous —3.8468 0.1508 0.93
DPPH (IC5, mg/ml) Ethanolic —1.6688 0.0525 0.92
Aqueous —8.3534 0.1388 0.83
TEAC value (ug Trolox/mg) Ethanolic 10486 179.72 0.75
Aqueous 20269 242.06 0.98
a-Amylase IC5, (mg/ml) Ethanolic 5.0881 0.1811 0.90
Aqueous —3.8468 0.1508 0.93
a-Glucosidase ICg, (mg/ml) Ethanolic —3.8557 0.1479 0.85
Aqueous —3.8468 0.1508 0.93
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Fig. S1 Chromatogram of brazilin at concentration of 5 pug/ml (a) and chromatogram of the extract from heartwood of
branches at concentration of 500 pg/ml (b).
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Fig. S2 Chromatogram of the crude ethanolic extract from leaves, twigs, roots, seeds, pods and floret.
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Fig. S3 Chromatogram of the crude ethanolic extract from bark of branches, bark, Heartwood of branches, Heartwood,

Sapwood, Sapwood of branches.
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Fig. S4 Chromatogram of the crude aqueous extract from twigs, leaves, pods, seeds, florets and roots.
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Fig. S5 Chromatogram of the crude aqueous extract from bark, bark of branches, heartwood, heartwood of branches, sapwood

and sapwood of branches.
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