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Abstract

In the continuous search for a-glucosidase inhibitors, eleven phenolic compounds (1-11) were
isolated from the root bark of Paeonia suffruticosa. Their a-glucosidase inhibitory activity and
inhibition mechanism were investigated using an in vitro inhibition assay and molecular docking
studies. Compounds 2, 5, 6, and 8-11 (ICs( between 290 and 431 uM) inhibited a-glucosidase
more effectively than the reference compound acarbose (IC50=1463 + 29.5 uM). Among them,
compound 10 exhibited the highest a-glucosidase inhibitory effect with an ICsg value of 290.4 +
9.6 uM. Compounds 2, 5,9 10 and 11 were found to be competitive inhibitors, while
compounds 6 and 8 were noncompetitive inhibitors of a-glucosidase. Computational analyses
showed that the main binding forces between the compounds and the main residues were
hydrogen bonds. The results indicated that these compounds had considerable a-glucosidase

inhibitory activity.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized by excessive increases in plasma
glucose levels and abnormalities in lipid and protein metabolism caused by deficient insulin
secretion, insulin resistance, or both in combination over time [1]. Changes in human behaviour
and lifestyle have led to a substantial increase in the prevalence of diabetes worldwide over the
past century. In 2014, approximately 422 million individuals were reported by the World Health
Organization (WHO) to have diabetes worldwide, with this figure projected to increase to over
650 million by 2040. [2]. Diabetes therapy is currently based on control of plasma glucose levels
through adequate nutrition and the use of oral hypoglycaemic agents, but current medications
have unpleasant side effects and are in short supply. Therefore, the focus in treating diabetes and
managing its associated problems is shifting to widely available drugs with few side effects [3].
Medicinal plant extracts and their chemical constituents are gaining importance as potential
therapies for diabetes and its sequelae because of their different modes of action and safety.
Secondary metabolites of medicinal plants with pharmacological activity, including phenolic
chemicals and flavonoids, are considered as potential sources of efficient and safe

hypoglycaemic agents [4].

Paeonia suffruticosa (Paeoniaceae) is a medicinal plant indigenous to China with a long history
of use in Traditional Chinese Medicine (TCM) and has become an important ornamental plant
worldwide [5]. Traditionally, the root of P. suffruticosa has been utilised as a crude medicine for

the treatment of extravagant blood, elimination of stagnant blood, and cardiovascular



complications [6]. The biological activities of the plant are mainly attributed to monoterpene
glycosides, such as paeoniflorin, benzoylpaeoniflorin, albiflorin, and paeoniflorigenone, and the
plant is also rich in galloylglucoses, gallic acid derivatives, flavonoids, triterpenoids, and
acetophenones [7]. Although the crude extract of the plant is frequently employed in antidiabetic
Chinese herbal formulations, scientific studies on its antidiabetic effects are limited [8]. A
comprehensive study of its bioactive constituents against key digestive enzymes responsible for
the hydrolysis of carbohydrates is still lacking. The purpose of this study was to examine the
antidiabetic components of the title plant. This article presents the separation, characterization,

and enzyme inhibitory effect of phenolic compounds (1-11) from the root bark of P. suffruticosa

(Fig. 1).

Results and Discussion

Alpha-Glucosidase inhibitory activity

The a-glucosidase inhibitory activity of the phenolic compounds was investigated and compared
with the commercial inhibitor acarbose. As shown in Table 1, all tested phenolic compounds
(ICs¢ values between 290 and 431 uM) were more efficient in inhibiting a-glucosidase compared
to the reference compound acarbose (ICs value 1463.0 = 29.5 uM), except for compounds 1 and
3, which were not active at a concentration of 1000 uM. Among the tested compounds,
compound 10 (ICsq value 290.4 + 9.6 uM) was the most potent a-glucosidase inhibitor, while
compound 6 (ICsg value 431.3 + 11.7 uM) showed the least inhibitory effect. Compound 10
contained three hydroxyl groups positioned at C-3, C-4 and C-5 and one carboxylic acid group
connected to C-1. Substitution of the carboxylic acid group with an ester group resulted in a

decline in the inhibitory effect of compound 11 compared to that of compound 10. When the data



of compound 10 was compared with that of compound 2, it was observed that hydrogenation of
the compound contributes to the effectiveness of the compound in suppressing a-glucosidase.
Moreover, a comparison of the inhibition data of compounds 5 and 6 with those of compounds 8
and 9 substantiated that the greater number of hydroxyl groups on the aromatic ring was
favourable for their inhibitory activity. Compounds 8 and 9 had an additional hydroxyl group
and showed lower ICs values than compounds 5 and 6. A similar phenomenon has been
observed from the literature [9], suggesting that hydroxylation may increase the inhibitory
activity of flavonoid compounds. Moreover, methoxylation at C-4 and substitution of the
carboxylic acid group with an acetyl group further increased the ICsq value of the compounds.
The position of the hydroxyl group on the benzene ring had a minor effect on the potency of the
compounds, which was observed when compound 8 was compared with 9, as well as compound
S with 6. Compounds 2 and 10 were previously reported for their a-glucosidase inhibitory
activity with comparable ICsg values of 424.8 + 30.40 uM and 296.2 +17.63 uM, respectively

[10], which were close to our result.

Inhibition mechanisms of a-glucosidase

The nature of inhibition on a-glucosidase of phenolic compounds was investigated using
Lineweaver-Burk plots [11]. As shown in Fig. 2, all the double reciprocal plots of the
compounds (2, 5,9, 10, and 11) intersected on the y-axis, indicating competitive inhibition of a-
glucosidase. The values of K, increased and the values of V,, remained constant as shown by the
increasing slope and the constant y-intercept of the curves as the concentration of the compounds
increased, confirming that these compounds induce competitive inhibition.

In Fig. 2, the data lines of compounds 6 and 8 crossed on the horizontal axis with a constant

x-intercept. Additionally, both the y-intercept and gradient of the graphs increased with the



increase in the concentration of the compounds, indicating that the V, values decreased and the
Ky, values were constant. As shown in Table 1, the equilibrium constants (K; and Kjs) were the
same. These results indicated that compounds 6 and 8 were noncompetitive inhibitors of a-
glucosidase. Moreover, the secondary plots (insert of Fig. 2) of the slope against the
concentration of the compounds fitted linearly, suggesting that the compounds bind to a single

inhibition site on the enzyme [12].

Molecular docking analysis

Computer-assisted docking was conducted to analyse the interaction mechanisms of the
compounds with a-glucosidase by visualising binding in the receptor-ligand composite [13]. As
shown in Fig. 3A and B, the compounds were located at the active binding site of a-glucosidase.
The major amino acid residues involved in the interaction of the compounds and a-glucosidase
were Asp233, Asn235, Ser311, Leu313, Asn317, Val319, and Lys432, and these residues were
found to be crucial for the catalytic mechanism [12]. All compounds formed n-interactions with
the amino acid residue Leu313, and compounds 5 and 11 also formed n-interactions with
Val319. In Fig. 3C, compound 2 was stabilized by forming hydrogen bonds at the C4-OH and
carboxyl group with amino acid residues Ser311 (2.07 A), Asn317 (1.99 A), and Asp233 (1.98
A). The calculated binding energy was -0.32 Kcal/mol. In Fig. 3D, compound 5 interacted with
Asp233 (2.00 A), Asn235 (2.91 A) and Asn317 (2.04 A) via hydrogen bonding. The compound
showed higher binding affinity than compounds 2 and S with the binding energy of -0.38
Kcal/mol. In Fig. 3E, compound 6 produced two hydrogen bonds at C3-OH and the carbonyl
group with Asp233 (1.99 A) and Asn317 (1.98 A) with a calculated binding energy, -0.28
Kcal/mol. The binding energy was in agreement with the experimental results, showing that

compound 6 is the compound with lower affinity.



In the case of compound 8, two hydrogen bonds were generated at C2-OH and the
carbonyl group with Ser311 and Lys432, their distances were 2.03 A and 1.81 A, respectively
(Fig. 3F). Compound 9 was stabilized by the interactions of Asn317 with C2-OH and the
carbonyl group with distances of 2.13 A and 2.00 A, and C3-OH interacted with Asp233 (2.15
A) through hydrogen bonds (Fig. 3G). Compound 10 formed hydrogen bonds with Asn235,
Ser311, and Asn317, while compound 11 interacted with Asp233 and Asn317 through hydrogen
bonds (Fig. 3H and I). The more hydrogen bonds formed between the compounds and the amino
acids, the higher the affinity of the compounds. The binding energies of compounds 8 and 9 were
-0.87 and -0.92 Kcal/mol, while the values of compounds 10 and 11 were -1.34 and -1.17
Kcal/mol, respectively. The results were in agreement with the kinetic analysis, which showed

that compound 10 had the highest affinity, while compounds 8 and 9 had a similar effect.

Conclusions

The results of enzymatic activities and molecular docking suggested that hydroxylation of the
aromatic ring was favourable for the inhibitory effect of phenolic compounds compared to
methoxylation or hydrogenation. In addition, the position of the hydroxyl group and the
substitution of the carboxyl group were important in improving the inhibitory activity of the
compounds. The most effective phenolic compound found was compound 10 with the most
hydroxyl groups and carboxyl groups. This research contributes significantly to the study of
direct a-glucosidase inhibitory activity by phenolic compounds and provides detailed

information on their interactions with a-glucosidase.



Experimental

General experimental procedures

High performance liquid chromatography (HPLC) was conducted on a Hitachi L-7100 system
coupled with Waters R410 differential refractometer using a Themo Hypersil-Keystone
BETASIL Silica-100 column (5 um, 250x10 mm). Silica gel (63-200 mesh, Merck) was used for
column chromatography. "H and ®C NMR spectra were recorded on a Varian-Unity-Plus-400
spectrometer in DMSO-d¢ or CDClz using residual solvent signals as reference. TLC was
conducted on a silica gel 60 Fzs4 (0.2 mm, Merck), illuminated under UV light (254 and 365 nm)
and developed with 10% H;SO4 in ethanol (v/v). The absorbance was recorded in a Thermo
Fisher Scientific (Ratastie 2, FI-01620 Vantaa, Finland) spectrophotometer. a-Glucosidase from
Saccharomyces cerevisiae was purchased from Sigma Aldrich (St. Louis, MO, USA). Acarbose,
and 4-p-nitrophenyl-a-D-glucopyranoside (pNPG) were obtained from Acros Organics
Company. All organic solvents were obtained from American Tedia Company and Acros

Organics Company.

Plant material

The roots bark of P. suffruticosa was collected from China's Anhui province and was purchased
from traders. Samples were authenticated by Prof. Sheng-Zehn Yang, Herbarium Curator,
Department of Forestry, National Pingtung University of Science and Technology. A voucher
specimen (No. BT360) was deposited at the herbarium of the Department of Biological Science

and Technology.



Extraction and isolation

The root bark (3.6 kg) of P. suffruticosa was pulverised and extracted with methanol (3 x 20 L)
at room temperature. The methanol was removed from the extract using a vacuum rotary
evaporator to give crude extract (720 g), which was then suspended in water and separated
sequentially with ethyl acetate (EtOAc) and n-butanol (n-BuOH) to obtain EtOAc (105 g), n-
BuOH (320 g), and water (260 g) soluble fractions. The EtOAc fraction was further fractionated
on a column chromatography (7x90 cm) using a gradient solvent mixture of hexane/EtOAc
(100:0 to 0:100, v/v) and EtOAc/MeOH (100:0 to 0:100, v/v) to give twenty-three fractions (Fr.
1-23). Fr.4 (1400 mg) was further purified by washing and recrystallization with n-
hexane/dichloromethane to obtain compound S (610 mg). Fr.10 (302 mg) was separated on a
semi-preparative normal phase HPLC eluted with dichloromethane/EtOAc (30:1, v/v) to obtain
thirteen subfractions (Fr.10-1-Fr.10-13). Fr.10-7 (34 mg) was further purified on a semi-
preparative normal phase HPLC eluting with dichloromethane/isopropanol (100:1, v/v) to afford
compounds 4 (1.5 mg) and 7 (1.6 mg). Fr.11 (1260 mg) was fractionated on a semi-preparative
normal phase HPLC with a mobile phase of dichloromethane/EtOAc (30:1, v/v) into ten
subfractions (Fr.11-1-Fr.11-10). Fr.11-3 (460 mg) was further separated on a HPLC eluted with
dichloromethane/isopropanol (100:1, v/v) to obtain six subfractions (Fr.11-3A—Fr.11-3F). Fr.11-
3C (60 mg) was purified on a HPLC using a mobile phase of n-hexane/dichloromethane/acetone
(7/7/1, v/v) to obtain compound 8 (10 mg). Fr.13 (850 mg) was separated on a HPLC using a
solvent mixture of dichloromethane/EtOAc (30:1, v/v) into nine subfractions (Fr.13-1-Fr.13-9).
Further separation of subfraction Fr.13-6 (220 mg) on a HPLC gave eight subfractions (Fr.13-
6A-Fr.13-6H). Fr.13-6C (40 mg) was further purified on a HPLC eluted with n-

hexane/dichloromethane/acetone (7/7/1, v/v) to afford compound 6 (5 mg). Fr.15 (1600 mg) was
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purified on a HPLC using a mobile phase of dichloromethane/EtOAc (30:1, v/v) to isolate
compound 1 (70 mg). Fr.16 (1260 mg) was separated on a HPLC eluted with
dichloromethane/EtOAc (100:1, v/v) to obtain twelve fractions (Fr.16-1-Fr.16-12). Fr.16-1 (35
mg) was further purified on a HPLC using n-hexane/dichloromethane/acetone (7/7/1, v/v) to
afford compound 3 (2 mg). Fr.17 (380 mg) was purified on a HPLC eluting with n-
hexane/dichloromethane/acetone (7/7/1, v/v) to give four subfractions (Fr.17-1- Fr.17-4). Fr.17-
1 (35 mg) was further purified on HPLC using dichloromethane/isopropanol (100/1, v/v) to
obtain compound 9 (3 mg). Fr.19 (800 mg) was washed and recrystallized with dichloromethane
and methanol to give compound 11 (75 mg). Fr.20 (3200 mg) was subjected to silica gel column
chromatography (2 x 50 cm) eluted with dichloromethane/EtOAc (10/1, v/v) to obtain compound
10 (810 mg).

Benzoic acid (1): Colourless crystal; '"H-.NMR (CDCl3,400 MHz) 6 8.12 (2H, d, J = 8.4 Hz, H-
2, 6),7.60 (1H, d, J = 7.6 Hz, H-4), 7.47 (2H, d, J = 8.4 Hz, H-3,5). ’C NMR (CDCl;, 100

MHz) § 172.3, 133.8, 130.2, 129.3, 128.5; EI-MS m/z (%): 122 [M]* (100), 105(95), 77(35),
S1(8) [14].

4-Hydroxybenzoic acid (2): White crystal; "H-NMR (DMSO-ds, 400 MHz) & (ppm): 10.23 (1H,
s, 4-OH), 7.78 (2H, d, J = 8.8 Hz, H-3,5), 6.81 (1H, d, J = 8.8 Hz, H-2,6); EI-MS: m/z (%): 138
[M]* (70), 121 (100), 93(23), 65(17) [15].

4-Methoxybenzoic acid (3): White crystal; '"H-NMR (CDCls, 400 MHz) § 8.05 (2H, d, J = 8.4
Hz, H-2, 6), 6.92 (2H, d, J = 8.8 Hz, H-3, 5), 3.86 (3H, s, 4-OCH3). *C NMR (CDCls, 100 MHz)
8 170.3,163.9, 132.3, 121.7, 113.7, 55.5; EI-MS m/z (%): 152 [M]" (65), 151 (100), 135(52),

123(18), 84(10), 77(15), 49(11) [16].
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1-(2,4-Dihydroxyphenyl)ethanone (4): Colorless needless; 'H-NMR (CDCl3, 400 MHz) & 12.68
(1H, s, 2-OH), 7.62 (1H, d, J = 8.4 Hz, H-6), 6.38 (1H, d, J = 8.4, 2.4 Hz, H-5), 6.35 (1H, d, J =
2.4 Hz, H-3), 2.54 (3H, s, 1-COCH3;). °C NMR (CDCls, 100 MHz) 8 202.7, 165.1, 162.7, 150.4,
133.0, 114.2, 109.7, 103.4, 26.2; EI-MS m/z (%): 152 [M]" (43), 137 (100), 84(10), 81(10),
49(10) [17].

1-(2-Hydroxy-4-methoxyphenyl)ethanone (Paeonol) (5): White powder; 'H-NMR (CDCl;,
400 MHz) 6 12.72 (1H, s, 2-OH), 7.60 (1H, d, J = 8.8 Hz, H-6), 6.41 (1H, dd, J = 8.8, 2.4 Hz, H-
5), 6.38 (1H, d, J = 2.4 Hz, H-3), 3.80 (3H, s, 4-OCH3), 2.52 (3H, s, 1-COCH3). *C NMR
(CDCls, 100 MHz) & 202.5, 166.0, 165.2, 132.2, 113.8, 107.6, 100.8, 55.5, 26.2; EI-MS m/z (%):
166 [M]" (24), 151(69), 86(61), 84(95), 51(34), 49 (100) [18].
1-(3-Hydroxy-4-methoxyphenyl)ethanone (Isoacetovanillon) (6). White solids; 'H-NMR
(CDClI3,400 MHz) 6 7.51 (1H, dd, J = 8.8, 2.0 Hz, H-6), 7.49 (1H, d, J = 2.0 Hz, H-2), 6.85 (1H,
d, J = 8.8 Hz, H-5), 6.04 (1H, s, 3-OH), 3.91 (3H, s, 4-OCH3), 2.50 (3H, s, 1-COCH3). *C NMR
(CDCls, 100 MHz) 6 197.2, 150.7, 145.3, 130.8, 121.8, 114.4, 109.8, 56.0, 26.3; EI-MS m/z (%):
166 [M]" (46), 151 (100) [19].

1-(2,5-Dihydroxy-4-methylphenyl)ethanone (7): Yellow solids; 'H-NMR (CDCls, 400 MHz) &
11.85 (1H, s, 2-OH), 7.08 (1H, s, H-6), 6.75 (1H, s, H-2), 4.69 (1H, brs, 5-OH), 2.54 (3H, s, 1-
COCH3), 2.25 (3H, s, 4-CH3). '*C NMR (CDCls, 100 MHz) § 203.4, 156.6, 146.0, 135.7, 120.0,
117.5,114.8, 26.6, 16.7; EI-MS m/z (%): 166 [M]* (50), 152 (12), 151 (100), 123(12) [20].
1-(2,5-Dihydroxy-4-methoxyphenyl)ethanone (8): Yellow crystal; 'H-NMR (CDCl;, 400
MHz) 6 12.47 (1H, s, 2-OH), 7.17 (1H, s, H-6), 6.41 (1H, s, H-2), 3.89 (3H, s, 4-OCH3), 2.50
(3H, s, 1-COCH3). >C NMR (CDCls, 100 MHz) § 202.7, 158.8, 153.7, 137.9, 113.9, 112.4, 99.7,

56.1, 26.4; EI-MS m/z (%): 182 [M]* (56), 167 (100), 111(9), 69(8) [21].

12



1-(2,3-Dihydroxy-4-methoxyphenyl)ethanone (9). Light yellow powder; '"H-NMR (CDCls, 400
MHz) & 12.48 (1H, s, 2-OH), 7.31 (1H, d, J = 8.8 Hz, H-6), 6.49 (1H, d, J = 8.8 Hz, H-5), 5.54
(1H, brs, 3-OH), 3.94 (3H, s, 4-OCH3), 2.56 (3H, s, 1-COCH3). '>C NMR (CDCl3, 100 MHz) &
203.5, 152.0, 150.2, 133.3, 122.7, 114.7, 102.7, 56.2, 26.3; EI-MS m/z (%): 182 [M]* (47), 167
(100), 152(13) [22].

Gallic acid (10): White crystals; '"H-NMR (DMSO-ds, 400 MHz) § 6.90 (2H, s, H-2, 6). 1*C
NMR (DMSO-ds, 100 MHz) 8 167.6, 145.5, 138.1, 120.5, 108.8; EI-MS m/z (%): 170 [M]*
(100), 153(89), 125(20), 79(18), 45(42) [23].

Methyl gallate (11): Pale yellowish crystal; "H-NMR (DMSO-ds, 400 MHz) 6 6.92 (2H, s, H-2,
6), 3.72 (3H, s, 1-COOCH3). *C NMR (DMSO-ds, 100 MHz) & 166.4, 145.6, 138.5, 119.3,

108.5, 51.7; EI-MS m/z (%): 184 [M]" (44), 153 (100), 125(32), 79(50), 51(30) [24].

Alpha-Glucosidase inhibition assay

The a-glucosidase inhibitory activity of the tested compounds was measured following the
methods of [25] and [26] with slight modifications. Briefly, 10 uL of a-glucosidase, 5 uL of the
compounds solution and 170 uL of phosphate buffer (0.2 M, pH 6.8) were mixed and incubated
at 37 °C for 5 min. After incubation, the reaction was initiated with the addition of 10 uL of
pNPG solution into the reaction mixture and incubated for 60 min at 37 °C. After incubation, the
reaction was stopped by adding 5 uLL of NaOH and the absorbance was measured at 405 nm
using a microplate reader. The enzyme (1 U/mL) and substrate (25 mM) stock solutions were
prepared in phosphate buffer and NaOH was dissolved in distilled water, while the compounds
(0-1000 uM) and acarbose (0-1500 uM) were dissolved in DMSO. The amount of DMSO
(2.5%) did not interfere with the experiment. The percentage of inhibition was calculated using

equation 1.
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Inhibition effect (%) = [(Ac - As)/Ac] x 100 (D

Where A and A, represent the enzyme reaction with and without the samples or standard,

respectively.

Mode of inhibition against a-glucosidase

The same procedure as the enzyme inhibition assay was used to analyse the inhibition
mechanisms of the compounds: 2 (0-800 uM), § (0-820 uM), 6 (0-880 uM), 8 (0-760 uM), 9 (O-
740 uM), 10 (0-580 uM), and 11 (0-730 uM). The pNPG concentrations ranged from 0 to 1.25
mM, while the concentration of a-glucosidase was fixed (0.05 U/mL). Kinetic parameters were

determined using Lineweaver-Burk plots and described as follows [27, 28].

Competitive type:
1 Knm [y 1 1
;_ Vmax (1 + Ki) [s] + Vmax (2)
Non-competitive and mixed type:
L Km (N1 1 0
vV Vmax (1 * Ki) 51 " Vmax(l * Kis) ©)
Secondary plots were determined as follows
Slope =~ 4 Kmll 4
ope = Vmax VmaxKi ( )
) 1 1 1
Y-int t= = + | 5
mn ercep V%fapx Vmax Kistax[ ] ( )

Here K; and K| indicate the equilibrium constant of the inhibitor to the enzyme and the
enzyme-substrate composite, respectively. K, represent the Michaelis-Menten constant, v
represents the enzyme reaction velocity, [I] and [S] represent the concentration of the compounds

and pNPG, respectively.
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Molecular docking

The interactions between a-glucosidase and phenolic compounds were studied by computer
simulation. The structure of a-glucosidase (PDB code: 3A4A) was taken from Protein Data Bank
(http://www.rcsb.org/pdb). Ligands and water were removed from the enzyme to create a stable
receptor for the phenolic compounds. The angle of the lattice box was 90 points (X, y, and z)
with a spacing of 0.5 A, and the lattice box location was set at 11.9, -16.3, and 15.5 A (x,y, and
z). ChemDraw Pro 5.0 software was used to create the three-dimensional structures of the
compounds. Binding events were visually analysed using Discovery Studio 3.0 software and
geometry minimization was performed using a CDOCKER (CHARMm-based DOCKER). The
hydrogen bonding, pi-pi stacking and hydrophobic interactions generated between the phenolic
compounds and the major residues in the active site of a-glucosidase were obtained from the

docking results.

Statistical Analysis

SPSS version 25 was used for all statistical analyses. Compounds were statistically compared
using one-way analysis of variance (ANOVA), and differences between means were assessed
using Tukey's HSD test, with p values less than 0.05 considered significant. Each figure reflects
three separate experiments, and results are reported as mean + standard error of the mean (SEM).
The variable slope nonlinear regression method was used to determine ICsy values (GraphPad

Prism 5.0.1, GraphPad Software, San Diego, California USA).
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Phytochemical constituents 1-11 from Paeonia suffruticosa
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The lineweaver-Burk plots of the active constituents of Paeonia suffruticosa root bark against a-
glucosidase with pNPG as substrate. Insert represent the secondary plots of slope versus compounds. (A)
4-Hydroxybenzoic acid (2), (B) Paeonol (5), (C) Isoacetovanillon (6), (D) 1-(2,5-Dihydroxy-4-
methoxyphenyl)ethanone (8), (E) 1-(2,3-Dihydroxy-4-methoxyphenyl)ethanone (9), (F) Gallic acid (10), (G)

Methyl gallate (11).
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Figure 3

Predominant interactions observed between the compounds and main residues of a-glucosidase. (A) The
green region indicate the catalytic active site of a-glucosidase. (B) The compounds docked to enzyme on
the molecular surface. (C) 4-Hydroxybenzoic acid (2), (D) Paeonol(5), (E) Isoacetovanillon (6), (F) 1-(2,5-
Dihydroxy-4-methoxyphenyl)ethanone (8), (G) 1-(2,3-Dihydroxy-4-methoxyphenyl)ethanone (9), (H) Gallic
acid (10), (I) Methyl gallate (11).
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