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ABSTRACT

This research was the first report, which studied on the phytochemical
investigation and potential anti-diabetic effect of two plants from order Solanales,
Solanum stramonifolium Jacg. inflorescence and Neuropeltis racemosa Wall. stem.
The plant extracts were evaluated the a-glucosidase inhibitory activity. The ethyl
acetate extract of S. stramonifolium (SSEA) inflorescence and the ethanol extract of N.
racemosa (NREO) stem showed better inhibitory activity than other solvent extracts
with ICso 215.92 and 39.65 pg/ml, respectively. Both of these extracts performed
mixed-type inhibition. The combination study of extracts with acarbose standard
suggested that SSEA and NREO extracts promoted the activity of acarbose to inhibit
the a-glucosidase enzyme.

The isolation used the a-glucosidase inhibitory activity guided
fractionation. Ten compounds and one mixture compound were obtained. The five
compounds and a mixture compound from S. stramonifolium were identified as
flavonoid compounds that were myricetin 3, 4', 5, 7-tetramethyl ether (SS1), combretol
(SS2), kaempferol (SS3), kaempferol-7-O-B-glucopyranoside (SS4), 5-hydroxy-
3,7,4,5 -tetramethoxyflavone-3'-O-glucopyranoside (SS5), and a mixture (SS6)
of isorhamnetin-3-O-glucopyranoside (SS6-1) and kaempferol-3-O-glucopyranoside
(SS6-2). Other five compounds from N. racemosa were defined as scopoletin (NR1),
syringic acid (NR2), methyl 3-methyl-2-butenonoate (NR3), trans-N-feruloyltyramine
(NR4) and trans-N-coumaroyltyramine (NR5). From previous survey, the compound
of SS5 has not been reported before.

The isolated flavonoid compounds of S. stramonifolium were obtained small

amount. So, they were preformed the a-glucosidase inhibitory activity as the percent



viii

of inhibition. Kaempferol and kaempferol-3-O-glucopyranoside (astragalin) were used
as the representative compounds for the study on mechanism of action and enzyme
inhibition of the combination with acarbose. Both of kaempferol and astragalin
performed mixed-type inhibition with o-glucosidase. Additionally, a-glucosidase
inhibitory acitvity of acarbose was decreased when combined with kaempferol or
astragalin. The compound NR1, NR2, NR3, NR4 and NR5 of N. racemosa showed
a-glucosidase inhibitory acitvity with 1Cso as 577.46, >2,523.09, >4,380.59, 95.34 and
3.25 uM, respectively, whereas the acarbose presented 1Cso as 424.40 uM. The
mechanism of action analysis exhibited that NR1 displayed mixed-type inhibition
manner, while NR4 and NR5 exhibited uncompetitive inhibition manner with Ki’ 51.81
and 1.99 uM, respectively.

Moreover, the molecular docking study provided the understanding to
a-glucosidase inhibition of isolated compounds. For the flavonoid compounds from
S. stramonifolium, the non-glycosylated flavonoids (SS2 and SS3) showed lower
binding energy than their glycosylated flavonoid derivatives (SS4, SS5 and SS6-2).
The binding energy of SS2 showed -3.53 Kcal/mol, while SS5 was 63.78 Kcal/mol.
SS3 exhibited the binding energy as -3.02 Kcal/mol, while SS4 and SS6-2 were -1.29
and 55.47 Kcal/mol, respectively. So, non-glycosylated flavonoids exhibited better
a-glucosidase inhibitory activity than glycosylated flavonoid derivatives. For the
isolated tyramine-derived amides from N. racemosa, the binding energy of NR4 and
NR5 were -5.42 and -5.15 Kcal/mol, respectively. Both of NR4 and NR5 demonstraded
the potential to a-glucosidase inhibition. Fortunately, these findings could be used to
relate the accordance between the laboratory and the computer experiments. These
results will be the beneficial informations for the furture drug discovery.
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CHAPTER 1

INTRODUCTION

1.1 Background and rationales

Diabetes mellitus (DM) is metabolic syndrome which was characterized
by hyperglycemia (America Diabetes Association [ADA], 2022a). DM was considered
as the world health disease due to the high increase rate of DM’s patients. The reports
showed that numbers of people with diabetes were increasing. The estimation of the
DM people in 2021 was 536.6 million. The global estimates of the diabetes prevalence
during 2025-2045 will still be increasing (International Diabetes Federation [IDF],
2021). The estimated amount will raise to 578 million in 2030 and to 700 million in
2045 (Saeedi et al., 2019). DM is classified into 2 major types that are type | DM
(insulin defection) and type Il DM (insulin resistance and/or abnormal insulin
secretion). Both of them result to blood glucose uncontrollable condition. To regulate
the hyperglycaemia condition, the exogenous insulin or anti-diabetic drugs such as
sulphonylureas, biguanides, PPARYy agonists, and a-glucosidase inhibitors are decised
to use depend on clinical need (Moller, 2001; ADA, 2022b). Although many types of
drug are available to control DM, many patients still suffer from their side effects
(Arulselvan et al., 2014). So, the new drugs development is going on.

Thai folk medicines are the alternative treatment for diabetes. So, many
herbal medicines are investigated their potential effect. In vitro experiment helps to
screening the potential of numerous drug candidates. Our preliminary screening of o-
glucosidase inhibitory activity showed that Solanum stramonifolium Jacq.
inflorescence and Neuropeltis racemosa Wall. stem methanol extracts exhibited the
higher inhibitory activity than o-glucosidase inhibitors drug, acarbose, at our
experimental condition. In Thailand, S. stramonifolium is used as vegetable for cooking
and N. racemosa is used as component in traditional Thai recipes. However, the
phytochemical investigation of S. stramonifolium and N. racemosa are still lacking. So,
this study aimed to isolate the chemical constituents and determine a-glucosidase
inhibitory activity of the isolated compounds from S. stramonifolium inflorescence and
N. racemosa stem which would be the first report. Besides the experimental strategies,



phytochemical investigation and bioactivity determination which are important for the
new drug development from natural products. The active compound would be further
investigated the mode of inhibition and the molecular docking strategies would be also

used for inhibitory mode prediction.

1.2 Objectives

1.2.1 To isolate and identify the compounds from S. stramonifolium inflorescence
and N. racemosa stem.

1.2.2 To determine the a-glucosidase inhibitory activity of isolated compounds.

1.2.3 To propose the mode of inhibition of isolated compounds by experimental and

molecular docking method.



CHAPTER 2

LITERRATURE REVIEW

2.1 Diabetes mellitus (DM)

Diabetes mellitus (DM) is a non-returnable syndrome that resulted from
the imbalance homeostasis of carbohydrate and lipid metabolism for long time. This
syndrome shows hyperglycemia condition. The improperly insulin’s regulation is a
key point of this disease (Tiwari and Rao, 2002). American Diabetes Association
(2022a) devided the etiologic classification of DM into 4 types that are type | DM, type
Il DM, gestational DM and other specific types. Two main types of this disease are
type | DM, an insulin-dependent DM (IDDM) and type 11 DM, a noninsulin-dependent
DM (NIDDM) (Tiwari and Rao, 2002). Type | DM is the absolute insulin deficiency
because of non-function of pancreatic -cell. Although the B-cells are still function in
type Il diabetes, insulin resistance and inadequate secretion are the problems.
Nowadays, many hypoglycemic agents are used for type 11 DM treatments. They differ
from each other due to the mechanisms and targets as (Figure 2-1):

1) Exogenous insulin uses for insulin level replacing and hepatic glucose output
reduction.

2) Incretin hormone action:

Glucagon-like peptide 1 (GLP-1) agonist is incretin mimetic that use to insulin
stimulation and glucagon prohibition.

Dipeptidyl peptidase-I1V inhibitors effect to glucagon-like peptide 1 (GLP-1)
and glucose-dependent insulinotropic polypeptide (GIP), incretin hormones that
involve glucose-dependent insulinotropic properties (Fisman and Tenenbaum,
2021).

3) Insulin secretagogues: sulphonylureas and meglitinides target on the ATP-dependent
K™ (Katp) channel of pancreatic beta-cells. Potential of the cell alters which lead to
induce Ca?* translocation and result to insulin releasing from pancretic p-cells.

4) Insulin sentitiser:

Biguanides regulate glucose and lipid metabolism and cellular energy though

adenosine 5’-monophosphate-activated protein kinase (AMPK).  Biguanides



stimulation result to hepatic gluconeogenesis reduction, a decrease of glucose
absorption and an increase on glucose uptake of skeletal muscle (Krentz and Bailey,
2005).

Thiazolidinediones is peroxisome proliferator-activated receptor-y (PPARYy)
agonists that enhance insulin sensitivity by improving metabolic effect to adipose
tissue, muscle and liver (Krentz and Bailey, 2005).

5) Glucose reabsorption inhibitor: sodium-glucose cotransporter 2 (SGLT2) inhibitors
involve with glucose reabsorption of renal that result to lowering plasma glucose
concentration (Meneses et al., 2015).

6) Intestinal glucose absorption inhibitor: a-glucosidase inhibitors effects to reducing

the postprandial hyperglycemia (Mollor, 2001; Stumvoll et al., 2005).

Hypoglycemic agents
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1
Agents - Biguanides - Meglitinides SGLT2 a-glucosidase - GLP-1
- Thiazolidinedinones - Sulfonylureas inhibitors inhibitors receptor
E insuli agonists
- Exogenous insulin - DPP4-
inhibitors

Figure 2-1 Target tissue and mechanism of anti-diabetic drugs (Naimi et al., 2017)



2.2 a-Glucosidase

In the digestive tract, the polysaccharide is break-downed into
monosaccharaides by digestive enzymes. a-Amylase and a-glucosidase involve in
generated glucose process. Starch consists of 20-30% amylose and 70-85%
amylopectin. Amylose is glucose molecules linked by a-1,4 glucosidic linkage while
amylopectin is glucose molecules linked by a-1,4 glucosidic linkage and bridge a-1,6
glucosidic linkage (Subroto et al., 2020). Dhital et al. (2013) reported that pancreatic
a-amylase just participates in the initiation of starch digestion to hydrolyze the a-1,4
glucosidic linkage. a-Glucosidase belongs to a member of the glycoside hydrolase
(GH). However, individually a-glucosidase can hydrolyze starch to be glucoses as
showed in Figure 2-2 (Dhital et al., 2013; Dammak et al., 2015).

HO o OH
- Y, OH (0] OH
o W "y, R (0
HO WO OH  g-glucosidase HO Ho
HO S -,
\ ., —} \\\\‘ u,// + H A\ 7 H
RO™ Tou O RO OH o o

HO OH OH
Maltose (R=H) Glucose (R=H) Glucose
R = polysaccharide chain or polysaccharide chain

Figure 2-2 Hydrolytic reaction of a-glucosidase

a-Glucosidase reaction process is the acid base reaction. The reaction
used two amino acids. One amino acid acts as acid or electrophile or proton donor,
while another acts as base or nucleophile (Figure 2-3). The oxocarbenium ion is
generated as shown in Figure 2-3 (B). The glucose product is released after the
hydroxyl group of water transfer to oxocarbenium ion (Figure 2-3 C-D) (Chiba, 1997;
Zechel and Withers, 2000). Moreover, a-glucosidase is a calcium containing enzyme
that can slow the digestion and adsorption of carbohydrate. The calcium-binding is
very tight in crystal structure of yeast a-glucosidase enzyme (Yamamoto et al., 2010).
The molecular dynamics simulation studies of Azem and his colleagues (2012) also

showed the interaction between some compound and calcium ion.
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Figure 2-3 Retention mechanism of glucoside hydrolase (Chiba, 1997)

There are various origins of a-glucosidase enzyme such as bacterial,
yeast, mold, plant and mammalian. o-Glucosidase enzyme is classified into two
families (I and 11) based on amino acid sequences similarity. The bacterial, yeast and
insect a-glucosidases belong to family I, while mammalian (such as rabbit, rat and
human intestine) a-glucosidase belongs to family Il (Chiba, 1997 and Kimura et al.,
2004).

Human a-glucosidase (HAG), maltase (EC 3.2.1.20), is exo-hydrolase
that stand in human brush-border of small intestine. It is N-terminal of maltase-
glucoamylase (MGAM) that used for cleavage the end side of a-1,4 linkage in glucose
chain and release a-glucose (Chiba, 1997; Sim, 2010). According to amino acid
sequence, it was classified as GH 31 (Sim, 2010). The reported amino acids that
involved in the hydrolysis reaction were Asp 542 as electrophile and Asp 443 as
nucleophile (Sim, 2010).

Yeast a-glucosidase (YAG) from Saccharomyces cerevisiae was used
in this research. The yeast a-glucosidase is periplasmic product (Balasundaram et al.,
2009). It is glucoside hydrolase number 13 (GH13) (Liu et al., 2020). The Asp214,
Asp349 and Glu276 residues in S. cerevisiae enzyme were reported as the catalytic triad
(Bharatham et al., 2008). Furthermore, the study showed that baker’s yeast and rat
intestine a-glucosidases can hydrolyze the same substrate (maltose) and can be
inhibited by the same inhibitors (acarbose and its derivatives (isoacarbose and

acarviosine-glucose)) (Kimura et al., 2004).



2.3 a-Glucosidase inhibitors

The a-glucosidase inhibitor is one class of diabetic drugs. It retards the
rate of carbohydrate digestion by inhibits the intestinal a-glucosidase enzyme. So, the
inhibitor affects to decrease the postprandial glucose. This is the effectiveness for
glycemic control. The a-glucosidase inhibitor has been approved for diabetic treatment
since 1990s (Derosa and Maffioli, 2012; Alssema et al., 2021).

2.3.1 a-Glucosidase inhibitors in clinical use
The clinical available a-glucosidase inhibitors are acarbose, voglibose
and migiltol (Figure 2-4). They have the nitrogen-containing structures. These drugs
were suggested to taken with main meals because their mechanism prevent complex

carbohydrate digestion. Among them, acarbose is mostly used in the clinical therapy
(Derosa and Maffioli, 2012).
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Figure 2-4 Structures of a-glucosidase inhibitors (Sadat-Ebrahimi, 2020)



Acarbose is psudo-tetrasaccharide which has nitrogen atom between the
first and second glucose molecule (Figure 2-4). The N-containing cabasugar of
acarbose mimics the oxocarbenium ion-like transition state. This state was generated
to inhibit a-glucosidase activity and bind with high affinity (Dinicolantonio et al., 2015;
Abuelizz et al., 2019). Acarbose acts as competitive inhibitor to baker’s yeast and rat
intestine a-glucosidases (Kimura et al., 2004). It usually uses as a standard drug in the
experimental study of a-glucosidase inhibition.

The docking study of acarbose binding to HAG showed that the nitrogen
atom of acarbose bonds to Asp 542 with a hydrogen bonding. This Asp 542 was
determined as proton donor. On the other hand, Asp 443 was defined as nucleophile
because the hydrogen bonding was found between hydroxyl group of acarbose and this
amino acid (Sim et al., 2008). These bindings involve in glucoside hydrolase inhibition
of acarbose to HAG (Figure 2-5).
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Figure 2-5 Binding of acarbose to HAG, hydrogen bonding presented as dotted lines
(Sim et al., 2008).

Other study also exhibited the docking study of acarbose binding to
YAG. The NH of acarbose formed the hydrogen bonding with Asp349, one of catalytic
residues. Beside of this, the terminal hydroxyl group of acarbose also formed hydrogen



bonding with Arg212 and His348. The interaction of acarbose to YAG was showed in
Figure 2-6 (Bharatham et al., 2008).
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Figure 2-6 Binding of acarbose to YAG, blue cycle exhibited nitrogen atom, red cycle
exhibited oxygen atom and hydrogen bonding presented as dotted line
(Bharatham et al., 2008).

2.3.2 a-Glucosidase inhibitors from Solanaceae and Convolvulcaeae plants

There are many reports about o-glucosidase inhibitors from natural

sources that distribute in various classes such as terpenes, alkaloids, quinones,
flavonoids, phenols, phenylpropanoids, steroids and others (Yin et al., 2014; Dirir et
al., 2022). Our preliminary a-glucosidase study showed that S. stramonifolium and N.
racemosa methanol extracts have potential to inhibit a-glucosidase enzyme from
Saccharomyces cerevisiae. S. stramonifolium and N. racemosa belong to Solanaceae

and Convolvulaceae families, respectively. The glucosidase inhibitors present in



10

Solanaceae and Convolvulaceae families are reviewed as showed in the following
Table 2-1 and Figure 2-7.

Table 2-1 The glucosidase inhibitors from Solanaceae and Convolvulaceae plants

Group/Compounds a-Glucosidase | Scientific name, | References
inhibitory activity Family
(1Cs0)
Phenylpropanoid
derivative
[1] Methyl caffeate 1.5 mM? Solanum torvum, | Takahashi et
2.0 mMP Solanaceae al., 2010
Quinic acid derivative
[2] 3,4,5- 4.61+1.00 uM Ipomoea batatas, | Zhang et al.,
tricaffeoylquinic acid Convolvulaceae | 2016
Pentasaccharide resin
glycoside derivative
[3] Cairicoside A 25.3£1.6 uM Ipomoea cairica, | Panetal.,
[4] Cairicoside B 28.5+3.3 uM Convolvulaceae | 2015; Jie-
[5] Cairicoside | 21.42.9 UM 2“81”69 etal,
[6] Cairicoside 11 26.2+4.6 uM
[7] Cairicoside 11 30.4£3.9 uM
[8] Cairicoside IV 28.9+1.4 uM
Phenolic compounds
[9] trans-N-(p- 4.47+0.19 uM Solanum Liuetal.,
coumaroyl) tyramine melongena, 2011; Zhang
[10] trans-N- 9.04+1.18 uM Solanaceae; etal., 2016
feruloyltyramine Ipomoea batatas,
[11] cis-N- 14.35£1.00 uM Convolvulaceae
feruloyltyramine
Polyhydroxylated
nortropane alkaloids
[12] Calystegine B 2.1 pM°© Ipomoea carnea, | Haraguchi et
[13] Calystegine Bz 0.75 pM© Convolvulaceae | al., 2003
[14] Calystegine C: 0.84 uM°®

& against rat intestinal sucrase
b against rat intestinal maltase
¢ B-glucosidase inhibitory activity
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[3] Cairicoside A Deca Iba Cna
[4] Cairicoside B Deca Hexa Cna
[5] Cairicoside | Mba Mba Cna
[6] Cairicoside 11 Bu Mba Cna
[7] Cairicoside Il Octa Mba Can
[8] Cairicoside IV Deca Cna Mba

Abbreviations: Bu = butyl; Cna = trans-cinnamoyl; Deca = n-decanoyl;

Hexa = n-hexanoyl; Iba = isobutyryl; Oca = n-octanoyl
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Figure 2-7 Chemical structures of the isolated compounds from Solanaceae and

Convolvulaceae plants (continued)
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Figure 2-7 Chemical structures of the isolated compounds from Solanaceae and

Convolvulaceae plants (continued)

2.4 Molecular docking study

Since the 1980s, the molecular docking technique has been used as a
tool in drug discovery. It is one of structure-based drug design (SBDD) method.
Molecular docking is used for the prediction of molecular interaction between the
ligands (compounds) and the receptors (molecular targets) (Ferreira et al., 2015). The
ligand-receptor complex bases on the binding affinity including conformational space

of binding site and ligand pose. The binding energetic of predicted ligand-receptor
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complex involve to the physical-chemical phenomena, including intermolecular
interactions, solvation, and entropic effects. The energy is evaluated as scoring
functions by the computer programs (in silico). The steps which involve in molecular
docking are 1) molecular target preparation 2) compound database selection (ligand
optimization) 3) molecular docking and 4) post-docking analysis (Ferreira et al., 2015).

Many sample algorithms are used for molecular docking including
matching algorithms, incremental construction, stochastic method, and molecular
dynamic. Matching algorithms map a ligand into an active site and evaluate in term of
shape features and chemical information. Incremental construction is fragment-based
method. This method divides ligand into small fragments and then incremental
fragments. These fragments are mapped into an active site and evaluated the orientated
binding. Stochastic method randomly modifies the ligand’s conformation and binds
into docking site. The typical stochastic methods are Monte Carlo (MC) and Genetic
Algorithms (GA). Molecular dynamic moves each atom individually then optimizes
energy and provides the results (Meng et al., 2011; Ferreira et al., 2015).

The scoring function including force-field based, empirical, knowledge-
based, and consensus scorings functions are estimated. Force-field-base scoring
function consider the ligand-receptor binding energy though the calculation of non-
bonded (electrostatics and van der Waals) interaction, hydrogen bonds, solvation, and
entropy. Empirical scoring function relies on reproducing binding affinities. This
scoring function considers the physical event of the ligand-receptor complex though
hydrophobic and entropic effect, hydrogen bond, and ionic interaction. Knowledge-
based scoring function considers the scoring though frequency contacts and repulsive
interactions between each atom in the ligand under a given cutoff. The last, consensus
scoring function is the combine scoring methodologies to improve the prediction of the
docking conformations (Serina, 2010; Meng et al., 2011; Ferreira et al., 2015).

The docking methodologies are classified into rigid ligand and rigid
receptor docking, flexible ligand and rigid receptor docking, and flexible ligand and
flexible receptor docking. In early, the rigid bodies of both ligand and receptor are
considered in the docking methodology. This case limits the binding conformation, so
a pre-computed ligand conformation is used. Afterward both flexible ligand and

receptor are treated in docking. However, the cost is quite high. Nowadays, the flexible
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ligand and rigid receptor docking are used wildly. AutoDock and GOLD, well known
docking programs, adopt this methodology (Meng et al., 2011).

There are many studies used in silico docking method to find out the
interaction between compounds and the target a-glucosidase receptor. Moreover,
docking strategies can be used for prediction of mode of enzyme inhibition. These

studies are reviewed as shown in the following Table 2-2.



Table 2-2 In silico docking studies of a-glucosidase receptor

Target Protein Compounds Molecular Docking Result | Post Docking a-Glucosidase References
Docking Analysis Activity from
Programs Programs Experimental
Yeast glucose- | Rutin (Flavonoid) AutoDock BE =-8.2 PostView ICs0 = 84.1+4.1 pg/ml; | Hyun et al.,
a-glucosidase Vina noncompetitive 2014
(PDB ID: inhibitor
3A4A) Quercetin (Flavonoid) BE=-8.0 ICs0 = 1.0£0.1 pg/ml;
competitive inhibitor
Myricetin (Flavonoid) BE =-7.7 ICs0 = 3.2£0.1 pg/mil;
competitive inhibitor

1-Naphthyl butyrate BE =-5.7 NR NR

2,5-Dihydroxybenzoic BE =-5.7

acid

2-Hydroxycinnamic BE=-55

acid

3-Aminobutanoic acid BE =-3.8

3-Hydroxybenzoic BE=-5.1

acid

4-Hydroxy-3- BE =-5.7

methoxybenzoic acid

4-Hydroxybenzoic BE =-5.0

acid

4-Methoxybenzoic BE=-5.0

acid

Remark: BE = Binding energy in kcal/mol; AE = Binding energy estimate in Kcal/mol; 1Cso = Half-maximal inhibitory concentration;
plCso = Negative logarithmic values of half-maximal inhibitory concentration; Ki = Inhibition constant;
MOE = Molecular Modeling Environment; NR = Not reported; GLIDE = Grid-Based Ligand Docking with Energetics;
GOLD = Genetic Optimized Ligand Docking

9T



Table 2-2 In silico docking studies of a-glucosidase receptor (continued)

Target Protein Compounds Molecular Docking Result | Post Docking a-Glucosidase References
Docking Analysis Activity from
Programs Programs Experimental

5-Sulfosalicylic acid

Acetylenedicaboxylic
acid

Alpha-humulene

Benzaldehyde

Benzoic acid

Caffeic acid

Decannoic acid

Dodecanedionic acid

Ferulic acid

Gallic acid

Glutaric acid

Hydroquinone

Indole

I-Glutamic acid

Naringenin

Nobiletin

p-Coumaric acid

Phenylacetic acid

Phloroglucinol

BE=-5.6
BE=-51
BE=-5.5
BE =-45
BE=-4.8
BE =-5.6
BE =-3.6
BE=-41
BE=-54
BE =-6.2
BE =-4.3
BE=-4.5
BE=-4.9
BE=-4.5
BE=-7.3
BE=-6.1
BE=-5.5
BE =-5.0
BE=-5.1

Remark: BE = Binding energy in kcal/mol; AE = Binding energy estimate in Kcal/mol; 1Cso = Half-maximal inhibitory concentration;
plCso = Negative logarithmic values of half-maximal inhibitory concentration; Ki = Inhibition constant;
MOE = Molecular Modeling Environment; NR = Not reported; GLIDE = Grid-Based Ligand Docking with Energetics;

GOLD = Genetic Optimized Ligand Docking
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Table 2-2 In silico docking studies of a-glucosidase receptor (continued)

homology
modeling
method  based
on Bacillus

Target Protein Compounds Molecular Docking Result | Post Docking a-Glucosidase References
Docking Analysis Activity from
Programs Programs Experimental
Propionic acid BE=-4.1
Protocatechuic acid BE =-5.8
p-Toluidine BE =-4.6
Scopoletin BE =-5.9
Suberic acid BE =-3.9
Succinic acid BE =-4.3
Syringic acid BE =-5.3
Tangeretin BE =-6.1
trans-3- BE =-55
Hydroxycinnamic
acid
trans-Cinamic acid BE=-51
Yeast glucose- | Acarbose AutoDock 4 Ki=0.0024 uM | NR ICs0 = 1.7 mM; Esccandon-
a-glucosidase (positive control) Ki=0.26 mM,; Rivera et
(constructed by competitive inhibitor | al., 2012

Remark: BE = Binding energy in kcal/mol; AE = Binding energy estimate in Kcal/mol; 1Cso = Half-maximal inhibitory concentration;
plCso = Negative logarithmic values of half-maximal inhibitory concentration; Ki = Inhibition constant;
MOE = Molecular Modeling Environment; NR = Not reported; GLIDE = Grid-Based Ligand Docking with Energetics;
GOLD = Genetic Optimized Ligand Docking
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Table 2-2 In silico docking studies of a-glucosidase receptor (continued)

Target Protein Compounds Molecular | Docking Result | Post Docking a-Glucosidase References
Docking Analysis Activity from
Programs Programs Experimental
6-hydroxyacetyl-5- Ki=13 uM ICs0 = 0.42 mM,;
hydroxy-2,2-dimethyl- Ki=0.13 mM,;
2H-chromene noncompetitive
inhibitor
CaleinC Ki=0.30 uM ICs0 = 0.28 mM;
(sesquiterpene Ki=1.91 mM,;
lactone) mixed-type inhibitor
Isorhamnetin Ki=7.9uM ICs0 =0.16 mM
(flavonoid) Ki=0.41 mM,
mixed-type inhibitor
a-glucosidase Acarbose MOE BE =-12.335 NR ICs0 = 64.14+0.0033 | Abd EI-
(PDB ID: (positive control) UM Mohsen et
3TOP) Marrubiin (diterpene) BE =-12.474 ICs0 = 16.62+0.0024 | al., 2008
Y
Bacillus cereus | Geraldone or 5- GLIDE BE =-3.53 NR % inhibition = Ahmed et
oligo 1,6- deoxyflavone (Dock score: 93.91+1.21% al., 2014
glucosidase (flavonoid) 61.18)
(PDB 1D:
1UOK)

Remark: BE = Binding energy in kcal/mol; AE = Binding energy estimate in Kcal/mol; 1Cso = Half-maximal inhibitory concentration;
pICso = Negative logarithmic values of half-maximal inhibitory concentration; Ki = Inhibition constant;
MOE = Molecular Modeling Environment; NR = Not reported; GLIDE = Grid-Based Ligand Docking with Energetics;
GOLD = Genetic Optimized Ligand Docking

67



Table 2-2 In silico docking studies of a-glucosidase receptor (continued)

Target Protein Compounds Molecular Docking Result | Post Docking a-Glucosidase References
Docking Analysis Activity from
Programs Programs Experimental
Isookanin BE =-3.189 % inhibition =
(Dock score: 73.14+1.30%
68.86)
Luteolin BE =-2.423 % inhibition =
(Dock score: 92.59+1.36%
66.91)
Sucrose- Acarbose GOLD BE = not detected | NR Ki=7.8 uM Jockovic et
isomaltase (GOLD score: al., 2013
(PDB ID:3LPP) 56.3)
Calystegine Az BE =-49.1 Ki=227+47 uM
(nortropane alkaloid) (GOLD score:
51.3)
Calystegine B> BE =-48.7 Ki=55+£12 uM
(nortropane alkaloid) (GOLD score:
48.9)
Maltase- Acarbose BE = not detected Ki=4.4 uM
glucoamylase (positive control) (GOLD score:
(PDB ID: 3L4X 64.5)
and 2QMJ) Calystegine As BE =-55.0 Kj = failed
(nortropane alkaloid) (GOLD score:
52.7)

Remark: BE = Binding energy in kcal/mol; AE = Binding energy estimate in Kcal/mol; 1Csy = Half-maximal inhibitory concentration;
pICso = Negative logarithmic values of half-maximal inhibitory concentration; Ki = Inhibition constant;
MOE = Molecular Modeling Environment; NR = Not reported; GLIDE = Grid-Based Ligand Docking with Energetics;
GOLD = Genetic Optimized Ligand Docking
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Table 2-2 In silico docking studies of a-glucosidase receptor (continued)

Target Protein Compounds Molecular Docking Result | Post Docking a-Glucosidase References
Docking Analysis Activity from
Programs Programs Experimental
Calystegine B> BE =-53.3 Ki=582+144 uM
(nortropane alkaloid) (GOLD scaore:
49.4)
Rat-isomaltase | Miglitol GLIDE AE =- 68.89 NR pICso = 4.41 Kato et al.,
(ntSI) log(uM™?) 2015
(constructed by | a-1-C- AE =-77.11 pICso = 6.35
homology butyldeoxynojirimycin log(uM™)
modeling (0-1-C-butyl-DNJ)
method based a-1-C-butyl-1,4- AE =-75.88 plCso = 5.33
on Human- imino-L-arabinitol (o- log(uM™?)
isomaltase PDB | 1-C-butyl LAB)
ID: 3LPP,
identity 73%)

Remark: BE = Binding energy in kcal/mol; AE = Binding energy estimate in Kcal/mol; 1Cso = Half-maximal inhibitory concentration;
pICso = Negative logarithmic values of half-maximal inhibitory concentration; Ki = Inhibition constant;
MOE = Molecular Modeling Environment; NR = Not reported; GLIDE = Grid-Based Ligand Docking with Energetics;

GOLD = Genetic Optimized Ligand Docking

T¢
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2.5 Research plants

From preliminary screening of a-glucosidase inhibitory activity from
more than 50 samples that are used as food and composed in traditional Thai anti-
diabetic recipes from Solanaceae and Convolvulaceae families. S. stramonifolium
inflorescence and N. racemosa stem methanol extracts showed the potential effects with
% inhibition at 2 mg/ml at 96.21 + 0.75% and 96.10 £ 0.75%, respectively, while
acarbose, a positive control, showed % inhibition at the same concentration at 71.68 +
3.48%. Due to the highly % inhibition, they were selected for further study on
phytochemicals in order to findout the active compounds in these plants.

S. stramonifolium belongs to Solanaceae family and N. racemosa
belongs to Convolvulaceae family. Solanaceae and Convolvulaceae families are in the
same order, Solanales. The Solanales is the flowering plant. It belongs to subclass
Asteridae of class Magnoliopsidae (Dicotyledons). Solanaceae plants ranges from
herbs, shrubs, small tree to climbers (Zhi-yun et al., 1994). They consist of agricultural
crops, medicinal plants, spices, weed and ornamentals. Potato, tomato, chili pepper and
eggplant are the member of Solanaceae plants. Many alkaloids (eg. solanine, tropanes,
nicotine and capsaicin) are found in this family. Convolvulaceae plants are climbers,
herbaceous or woody. The Convolvulaceae stem twins to right but lacks tendrils
(Santisuk and Larsen, 2010). They are used as foods and medicinal plants. Tropane
alkaloids, lysergic acid type alkaloids, cinnamic acid derivatives and coumarin are
reported from Convolvulaceae plants (Bendz and Santesson, 1973).

2.5.1 Solanum stramonifolium Jacq. (Figure 2-8)

Family: Solanaceae

Synonyms:  wziaie1 ma khuea pu, uz1] ma pu (Northern), uzdn ma uek (Central,

£

Nakhon Ratchasiam), daned yang-khui-di (Karen-Mae Hong Son) (i

adimiumi, 2557), hairy-fruited eggplant, bolo maka, coconilla, tapirillo,

groselilierdiable, groseille sauvage (Tropilab®Inc, 2016)
Description: Perennial shrub, 100-200 cm. Stems glabrous or copiously prickly,

stellate hairs. Leaves simple, alternate, ovate-sinuate, 9-13 x 5-10.5 cm,
apex acute to obtuse, base obtuse or sinuous, prickles and stellate

pubescent on both surfaces, veins green or purple. Inflorescences in
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paniculate cymes, axillary; peduncles stout, 10-35 mm long. Flowers
bisexual, 2 cm in diameter; corolla 5, united, white, apex acute; calyx
campanulate, divided nearly to base; 5 lobes, green, pubescent. Stamens
5, anthers yellow. Ovary superior. Fruits berry, juicy, globose 8-12 mm
in diameter, yellow to orange when ripening, pubescent, calyx persistent.

This plant description was written by Neamsuvan (2016a).

Distribution: Widely found in South and South-East Asia (Parmar, 2018)
Ecology: On hill fields and agroforest orchards (Chanmee et al., 2013)
Use: As vegetable

Thai traditional use (& qais3suny, 2540):

Leaf: anti-itching and relieve swollen skin
Flower: anti-itching
Fruit: expectorant and anti-cough
Root: expectorant, analgesics, anti-pyretic and diuretic
Seed: relieve toothache
Chemical constituents and biological activities of S. stramonifolium:

Carpesterol and linoleic acid were isolated from fruits of S.
stramonifolium.  Lipase inhibitory activities of both compounds
exhibited ICso values as 56.0 and 43.6 pg/ml, respectively while orlistat,
a positive control, exhibited ICso value as 0.0035 pg/ml. Capesterol was
a competitive lipase inhibitor but linoleic acid was a noncompetitive
lipase inhibitor (Chanmee et al., 2013).

Aqueous extract of S. stramonifolium seed showed antibacterial
activity against gram positive bacteria (Staphylococcus aureus, Bacillus
licheniformis, Bacillus subtilis and Xanthomonas sp.) and negative
bacteria (Pseudomonas aeruginosa and Salmonella typhi) at
concentration 100 pg/disc (Sarnthima and Khannuang, 2012).

Ethanol extract of S. stramonifolium fruits exhibited anti-
leishmanicidal activity. In vitro against amastigote stage (the growing
form in macrophages) of Leshmania amazonensis showed ICsp value as

56.9 nug/ml, while amphotericine B and glucantime, positive controls,
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showed ICso values as 0.2 and 30 pg/ml, respectively (Estevez et al.,
2007).

Figure 2-8 S. stramonifolium Jacq.;
A =whole plant, B = leaves (L) and inflorescence (1),
C = flowers (Fl) and I, D = fruits (Fr)
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2.5.2 Neuropeltis racemosa Wall. (Figure 2-9)

Family:

Synonymes:

Description:

Distribution:

Ecology:

Convolvulaceae

m1s karo (Ranong), ueusiau non lap, waueuviau phaya non lap (Nakhon
Sawan), siug1# man ruesi (Central), nnawd1s159 mat plai rong (Nakhon
Ratchasima), fins¢#iuTse ma kra thuep rong, shima1e1se ma thalai rong

(General), g3 1A yank hi kai (Nakhon Si Thammarat) (ifiy aii@iung,

2557)
Woody climber. Stems terete, young parts appressed densely by rust

colored tomentose, older ones sparsely short thorny. Leaves simple,
alternate, elliptic to elliptic-oblong, 5-15 by 2-4.5 cm, papery, glabrous,
glabrescent, abaxially glossy, base acute, margin entire, apex abruptly
short acuminate, lateral veins 8-9 per side, curved near margin, midrib
and veins prominent beneath; petiole 10-15 mm long, rust colored
tomentose. This plant description was written by Neamsuvan (2016b).
Myanmar, China, Malaysia, Indonesia (Santisuk and Larsen, 2010)
Edge of evergreen forest or seasonal rain forest, along streams (Santisuk
and Larsen, 2010)

Thai traditional use (nesmsilszneulsnfaile, 2541):

Stem: a component of Thai traditional recipes for relieve skin disorder
eg. rash iching and atropic dermatitis

Chemical constituents and biological activities of N. racemosa.:

In the present study, it has not been reported concerning of

chemicals and biological activities.
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Figure 2-9 N. racemosa Wall.;
A = N. racemosa in forest, B = upper (UL) and lower (LL) surface leaves,
C = cross section of fresh stem, D = cross section of dried stem

From the literatures review of both plants, S. stramonifolium
inflorescence and N. racemosa stem, they have not been reported of phytochemicals
and a-glucosidase inhibition. So, this study will be the first report of their active

compounds and mode of a-glucosidase inhibition.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Plant materials
3.1.1 Solanum stramonifolium Jacq. inflorescence
The inflorescence of S. stramonifolium was collected from Songkhla
province, Thailand. The specimens were identified by Ms. Ramrada Meeboonya,
botanist of Forest Herbarium, and are deposited as reference at Forest Herbarium,
Department of National Park Wildlife and Plant Conservation, Thailand with
herbarium number as BKF No. 189326 and BKF No. 189327.

3.1.2 Neuropeltis racemosa Wall. stem

The stem of N. racemosa was collected from Songkhla province, Thailand.
The specimens were identified by Assoc.Prof.Dr. Orathai Neamsuvan, lecturer and
botanist of Faculty of Traditional Thai Medicine, Prince of Songkla University,
Thailand and are deposited as reference at Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Thailand with herbarium number as SKP 054 14 18 01.

3.2 Chemicals, materials and instruments
3.2.1 Chemicals and materials for extraction and isolation
The chemicals and materials for extraction and isolation are shown in Table
3-1.

Table 3-1 Chemicals and materials for extraction and isolation, and its source

Chemicals and materials Source
Chloroform RCI Labscan Limited, Thailand
Dichloromethane RCI Labscan Limited, Thailand
Ethanol Thaioil Co. Ltd., Thailand
Ethyl acetate Thaioil Co. Ltd., Thailand
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Table 3-1 Chemicals and materials for extraction and isolation, and its source

(continued)

Chemicals and materials

Source

Hexane

Thaioil Co. Ltd., Thailand

Methanol

Thaioil Co. Ltd., Thailand

Sephadex® LH-20

GE Healthcare life sciences, UK

Silica gel 60

Merck, Darmstadt, Germany

LiChroprep®RP-18

Merck, Darmstadt, Germany

Sulphuric acid

Fluka, Sigma-Aldrich, USA

TLC sheet plate (Silica gel GF254)

Merck, Darmstadt, Germany

TLC sheet plate (Silica gel RP-18)

Merck, Darmstadt, Germany

3.2.2 Chemicals and materials for a-glucosidase inhibitory activity

determination

The chemicals and materials for

determination are shown in Table 3-2.

a-glucosidase inhibitory activity

Table 3-2 Chemicals and materials for a-glucosidase inhibitory activity determination

and its source

Chemicals and materials

Source

a-Glucosidase enzyme

(Saccharomyces cerevisieae)

Sigma, Sigma-Aldrich, Germany

p- Nitrophenyl-a-D-glucopyranoside
(PNPG)

Sigma, Sigma-Aldrich, Germany

Bovine serum albumin

Sigma, Sigma-Aldrich, Germany

Sodium azide Sigma, Sigma-Aldrich, Germany
Dimethylsulfoxide (DMSO) Sigma, Sigma-Aldrich, Germany
NaH2P04.2H.0 MAY &BAKER Limited Dagen, England
Na;HPO4 MAY &BAKER Limited Dagen, England
Acarbose Sigma, Sigma-Aldrich, Germany

Kaempferol

Chem Face, China
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Table 3-2 Chemicals and materials for a-glucosidase inhibitory activity determination

and its source (continued)

Chemicals and materials

Source

Astragalin

Chem Face, China

3.2.3 General instruments

The instruments for phytochemical investigation and a-glucosidase inhibitory

activity determination are shown in Table 3-3.

Table 3-3 Instruments for phytochemical investigation and a-glucosidase inhibitory

activity determination, and its source

Instruments

Source

Hot air oven

Memmert, Schwabach, Germany

Micropipettes : 1-10 pl, 20-200 pl,
100-1000 pl

Socorex, Ecublens, Switzerland

Microplate 96 wells

Nunc, Roskilde, Denmark

Multichannel micropipette

BiotekInstruments, Cyber scan 510,
Nijkerk, Netherland

pH meter Biotek Power, BioTek Instruments,
Vermont, USA

Rotary evaporator Heidolph, Germany

UV-cabinet : 254 and 365 nm. CAMAG, North Carolina, USA

Vortex G560E VTX-3000L, LMS Co., Ltd., Tokyo, Japan

Water bath WB-14, Memmert, Schwabach, Germany

3.2.4 Spectroscopic instruments

3.2.4.1 Ultraviolet (UV) spectroscopy

The Genesys 6 UV-Visible instrument (Thermo Scientific, Thermo

Electron Corporations) at Department of Pharmacognosy and Pharmaceutical

Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University

was used to performed the UV absoption character of the isolated compounds.
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3.2.4.2 Infrared (IR) spectroscopy

The Perkin Elmer FT-IR Spectrum One Spectrometer at Department
of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Prince of
Songkla University was used to measure the IR spectra of the isolated
compounds. The used IR technique was neat technique with sodium chloride
(NaCl) plates.

3.2.4.3 Mass spectrometer (MS)

The Liquid Chromatograph-Quadupole Time-of-Flight Mass
Spectrometer, LC-QTOF MS, (1290 Infinity 1l LC-6545 Quadrupole-TOF,
Agilaent Technologies, USA) at Office of Scientific Instrument and Testing
(OSIT), Prince of Songkla University was used to determine the molecular
mass of the obtained compounds. The mass spectrometric technique was
direct injection negative electrospray ionization (ESI) — high resolution mass

spectrometry.

3.2.4.4 Nuclear magnetic resonance (NMR) spectroscopy

Two NMR instrument were performed to the signal spectra of isolated
compounds. The first instrument is Fourier Transform NMR Spectrometer
(*H-NMR 500 MHz and *C-NMR 125 MHz), Unity Inova, Varian, Germany
at OSIT, Prince of Songkla University. The second instrument is 500 MHz
NMR Spectrophotometer (*H-NMR 500 MHz and *C-NMR 125 MHz),
BRUKER/AVANCE™ NEO, ASCEND™, Switzerland at Scientific
Equipment Technology, Walailuk University.

The samples were dissolved in deuterated solvent including deuterated
methanol (CD30D), deuterated chloroform (CDCIls) and deuterated dimethyl
sulfoxide (DMSO-ds). The NMR spectra exhibited the chemical shift in ppm

scale.
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3.2.5 Other instruments

3.2.5.1 High performance liquid chromatography (HPLC)

The high performance liquid chromatography, Algilant Technologies
1200 series (HPLC-Agro) at OSIT, Prince of Songkla University was used to
define the purification of selected sample. HPLC-Diode array (DAD) with
hypersil ODS column (250%4.0 mm, 5 um particle size detected the peak at
260, 292, 370 nm. Mobile phase consisted of 0.3% (v/v) acetic acid in water
(A) and methanol (B) with a gradient elution at 0-100 min. The flow rate of

mobile phase was 1.0 ml/min’! and the injection volume was 50 pl.

3.2.5.2 Microplate reader

The SPECTROstar Nano BMG Labtech microplate reader at
Pharmaceutical Sciences Laboratory Service Center, Faculty of
Pharmaceutical Sciences, Prince of Songkla University was performed at 405

nm to monitoring an enzyme reaction.

3.3 Plant extraction

Fresh plant material of S. stramonifolium inflorescence (800 g) was washed and
dried in the oven at temperature 50°C until dryness. In the other way, fresh plant
material of N. racemosa stem (10 kg) was washed, chopped and dried in the oven at
temperature 50°C until dryness, respectively. Then, each dried plant materials were
blended into small pieces and macerated with distillated solvents. The extraction was
started by using the lower polarity solvent and followed by increasing the solvent
polarity until obtained 4 extracts. First, the plant materials were macerated with hexane
at room temperature 3 days and repeated 3 times. The marc and filtrated were separated
by course filter paper. The marc was macerated at room temperature 3 days and
repeated 3 times again with ethyl acetate and ethanol, respectively. For final extraction,
the marc was boiled with filtrated water at 70 °C for 4 hours. Each filtrated solvent was
pooled and evaporated under reduced pressure at temperature not exceeding 60 °C by
rotary evaporator to obtain the hexane extract, ethyl acetate extract, ethanol extract and
water extract. The extraction scheme was shown as Scheme 3-1. All extracts were kept
at 4 °C.
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Dry plant material

+ Hexane (3 times)

Hexane extract Marc
(SSHX or NRHX)

+ Ethyl acetate (3 times)

Ethyl acetate extract Marc

(SSEA or NREA) + Ethanol (3 times)

Ethanol extract Marc
(SSEO or NREO)

+ Boiled water (3 times)

Water extract Marc
(SSWT or NRWT)

Scheme 3-1 The solvent extraction series of S. stramonifolium (SS) inflorescence and
N. racemosa (NR) stem; HX = Hexane; EA = Ethyl acetate; EO = Ethanol,;
WT = Water

3.4 Phytochemical investigation

Briefly, the phytochemical investigation of plant extract were isolated base on the
a-glucosidase inhibitory activity screening.  The interested extracts of S.
stramonifolium inflorescence and N. racemosa stem were separated by column
chromatography such as quick column chromatography, classical column
chromatography and gel filtration column chromatography. The sub-fractions from
each separation were pooled and concentrated. The purity of separation was checked
by thin layer chromatography (TLC) with three different solvent systems. Afterward,
the isolated compounds were determined their chemical structure by using previous

mention spectroscopy techniques, topic 3.2.4.
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3.4.1 Chromatographic techniques
3.4.1.1 Thin layer chromatography (TLC)
3.4.1.1.1 Normal phase TLC

Technique
Absorbent
Layer
Distance
Detection

Developing one way as upward direction

Silica gel 60 F2s4 pre-coated plate

0.2 mm.

5to7cm.

1. Under UV- light of short wavelength (254 nm.)
and long wavelength (365 nm.)

2. Spraying with 50% sulphuric acid in ethanol
and heat it at 100 °C

3. Spraying with anisaldehyde-sulphuric acid and
heat it at 100 °C

3.4.1.1.2 Reversed phase TLC

Technique
Absorbent
Layer
Distance
Detection

Developing one way as upward direction

Silica gel 60 RP-18 pre-coated plate

0.2 mm.

5to7cm.

1. Under UV- light of short wavelength (254 nm.)
and long wavelength (365 nm.)

2. Spraying with anisaldehyde-sulphuric acid and
heat it at 100 °C

3.4.1.2 Quick column chromatography

Technique

Absorbent

Packing

Loading
Detection

Developing one way as downward direction with
water bath pump

Silica gel 60 H (No. 9385) particle size 0.400-
0.063 mm. (230-400 mesh ASTM)

Dry packing method

Dry loading method

The fractions were detected by normal phase
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TLC as described in the previous topic 3.4.1.1.1

3.4.1.3 Classical column chromatography

Technique : Developing one way as downward direction

Absorbent Silica gel 60 H (No. 9385) particle size 0.400-
0.063 mm. (230-400 mesh ASTM)

Packing ; Wet packing method

Loading : Both dry and wet loading method

Detection The fractions were detected by normal phase

TLC as described in the previous topic 3.4.1.1.1

3.4.1.4 Reversed phase column chromatography

Technique : Developing one way as downward direction
Absorbent Silica gel RP-18 particle size 40-63 um
Packing : Wet packing method

Loading : Wet loading method and air pump

Detection The fractions were detected by reverse phase

TLC as described in the previous topic 3.4.1.1.2

3.4.1.5 Gel filtration column chromatography

Technique : Developing one way as downward direction
Absorbent Sephadex® LH-20

Packing : Wet packing method

Loading : Wet loading method

Detection The fractions were detected by TLC as described

in the previous topic 3.4.1.1

3.4.2 Isolation and purification of compounds from S. stramonifolium
inflorescence extracts
3.4.2.1 S. stramonifolium inflorescence ethanol extract
The ethanol extract of S. stramonifolium inflorescence (SSEO) 7.34 g

was isolated by using quick column with gradient solvents of hexane to ethyl
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acetate and then to ethyl acetate: methanol (1:1). The given fractions were 45
fractions that were SSEOAa1 to SSEOaus. The fraction SSEOa12 was subjected
to gel filtration column chromatography and eluted by methanol. The
compound called SS1 presented 1.0 mg. The Isolation and purification of

compounds from SSEO extract were shown as Scheme 3-2.

SSEO extract

Scheme 3-2 The isolation and purification process of ethanol extract of S.

stramonifolium inflorescence

= Quick column chromatography [Hexane to EtOAc to EtOAc: MeOH (1:1)]
= Gel filtration column chromatography [MeOH]

3.4.2.2 S. stramonifolium inflorescence hexane extract

The hexane extract of S. stramonifolium inflorescence (SSHX) 11.95
g was loaded to silica gel column and eluted with isocratic mode, Hexane:
EtOAc (9:1). The combined fraction, SSHXas2 to SSHXaz37, was subjected
to classical column and eluted with gradient mode, hexane to ethyl acetate to
ethyl acetate: methanol (7:3). The pool fraction of SSHXg1s to SSHXg25 was
loaded to another silica gel column with gradient mode, hexane to ethyl
acetate and then to ethyl acetate: methanol (9:1). The given compound was
loaded on normal phase TLC by using mixed-mobile phase of hexane: ethyl
acetate: chloroform (6:2:2). TLC plates were scratched and then silica gel
was washed with the mixing of hexane: ethyl acetate: chloroform (6:2:2).

The compound 3.1 mg was named SS2.
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Moreover, the combined yield of SSHXg39 to SSHXg4s was loaded
to classical column and eluted with isocratic mode of hexane: ethyl acetate:
chloroform (6:2:2). The collected fractions SSHXp1s to SSHXp3s were
combined and loaded to the Sephadex® LH-20 column. This size exclusion
chromatography was eluted with chloroform: methanol (2:8). The compound
SS1 (2.0 mg) was presented. It showed the same character as the previous
SS1.The isolation and purification of compounds from SSHX extract were

shown as Scheme 3-3.

SSHX extract

SSHXg18-B25 SSHXg39-849

______

______

SSHXca7-c176 SSHXp14-p34

Scheme 3-3 The isolation and purification process of hexane extract of S.
stramonifolium inflorescence

| = Classical column chromatography [Hexane: EtOAc (9:1)]

Il = Classical column chromatography [Hexane to Hexane: EtOAc (7:3)]

Il = Classical column chromatography [Hexane to EtOAc to EtOAc: MeOH (9:1)]

IV = Normal phase TLC [Hexane: EtOAc: CHClIs (6:2:2)]

V = Classical column chromatography [Hexane: EtOAc: CHCIs (6:2:2)]

VI = Gel filtration column chromatography [CHCIs: MeOH (2:8)]
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3.4.2.3 S. stramonifolium inflorescence ethyl acetate extract

The ethyl acetate extract of S. stramonifolium inflorescence (SSEA)
4.10 g was loaded to silica gel column. The mobile phase was used gradient
mode that were chloroform to chloroform: methanol (1:1). The amorphous
substance appeared in SSEAA24 to SSEAA32 fractions. They were pooled and
washed by methanol. Next step, they were loaded on normal phase TLC by
using mixed-mobile phase of hexane: ethyl acetate: chloroform (6:2:2). The
interested band was detected under UV2s4 and scratched. The silica gel was
washed by the mixing of hexane: ethyl acetate: chloroform (6:2:2). The
compound SS1 (6.0 mg) was exhibited. It showed the same character as the
SS1 which recieved from SSEO and SSHX extracts. The isolation and
purification of compounds from SSEA extract were shown as Scheme 3-4.

SSEA extract

———————

Scheme 3-4 The isolation and purification process of ethyl acetate extract of S.

stramonifolium inflorescence

= Classical column chromatography [CHCI3 to CHCl3: MeOH (1:1)]
= Wash crystal [MeOH]
= Normal phase TLC [Hexane: EtOAc: CHClIs (6:2:2)]

3.4.2.4 S. stramonifolium inflorescence water extract
Firstly, the water extract of S. stramonifolium (SSWT) 144.10 g was
separated with solvent partition method or liquid-liquid extraction. SSWT

extract was dissolved by 90% of methanol in water. The extract solution was
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partition with hexane. The two immiscible solvents were separated using
separating funnel. The solution part of 90% of methanol in water (90%
MeOH-SSWT) was evaporated to remove the methanol. The residue still had
the remained water. Next step, chloroform was put into that residue. The two
immiscible solvents were separated again with separating funnel. The
solution of water solution was name Water-SSWT (x). Ethyl acetate was put
in to Water-SSWT (x). Finally, the solution appeared two parts that were
EtOAC-SSWT and Water-SSWT. After these solvent partition, four solution
parts including Hexane-SSWT, CHCI3-SSWT, EtOAc-SSWT and Water-

SSWT were received as Scheme 3-5.

SSWT extract

+ 90% MeOH in Water

+ Hexane

Hexane-SSWT 90 % MeOH-SSWT

- MeOH (by evaporation)

+ CHCI3
CHCI3-SSWT Water-SSWT (X)
+ EtOAC
EtOAC-SSWT Water-SSWT

Scheme 3-5 The solvent partition of S. stramonifolium water extract

The EtOACc-SSWT extract from the previous liquid-liquid extraction
was continued to separate. It was loaded to quick column using gradient

solvents of hexane to chloroform to ethyl acetate and to ethyl acetate:
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methanol (7:3). The combined fractions of EtOAC-SSWTa10 and EtOAC-
SSWTa11 were isolated by Sephadex® LH-20 column with methanol as
mobile phase. The compound named SS3 presented 2.0 mg.

The other fractions that is EtOAC-SSWTa1s were separated by gel
filtration column using methanol mobile phase. The achieve yield of SS4 was
2.0 mg. Furthermore, the two combined fractions that were EtOAC-SSWTgzs
to EtOAC-SSWTgsy and EtOAC-SSWTgss to EtOAC-SSWTeso were
continued to separate.

The combined fractions of EtOAC-SSWTgss to EtOAC-SSWTasg
were loaded to gel filtration column and eluded by methanol. The combined
yield of EtOAC-SSWTc20 to EtOAC-SSWTc3s was purified by normal phase
with chloroform: methanol (9:1) as mobile phase. The interested band on
TLC plates was detected under UV2s4 and scratched. The silica gel powder
was washed by the mixing of chloroform: methanol (9:1). The compound
called SS5 was presented 1.0 mg. For another separation, the combined
fractions of EtOAC-SSWTgas to EtOAC-SSWTeso were loaded to reversed
phase (RP-18) column using the isocratic mobile phase as methanol: water
(1:1). The collected yield was SS6 (1.6 mg). The Isolation and purification

of compounds from EtOAc-SSWT extract were shown as Scheme 3-6.
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EtOAC-SSWT
------ P
| |
EtOAC-SSWT a10-a11 EtOAC-SSWTais
------- e - 111
sS3 [ | '
EtOAC-SSWTg36-839 EtOAC-SSWTgas-B50 SS4
------- IV -l Vi
EtOAC-SSWTc20-c35 SS6
------ v

Scheme 3-6 The isolation and purification process of S. stramonifolium inflorescence

water extract
= Quick column chromatography [Hexane to CHCl; to EtOAc to EtOAC: MeOH (7:3)]
= Gel filtration column chromatography [MeOH]
= Gel filtration column chromatography [MeOH]
= Gel filtration column chromatography [MeOH]
= Normal phase TLC [CHCls: MeOH (9:1)]
= Reversed phase column chromatography [MeOH: H.0 (1:1)]

3.4.3 Isolation and purification of compounds from N. racemosa stem ethanol

extracts

The ethanol extract of N. racemosa (NREO) 25.01 g was isolated via quick
column using gradient of hexane to ethanol to give 16 fractions that were NREOAa:
to NREOais. The fractions NREOa7 and NREOag were combined and loaded to
the classical column by using the gradient of mobile phase as chloroform to
chloroform: methanol (1:1) to achieve 12 fractions that were NREOg1 to NREOg12.
The combined fractions of NREOg4 to NREOgs were subjected to gel filtration
column to collected 6 fractions, NREOc1 to NREOcs. NREOc4 and NREOcs were
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pooled and further separated by to the classical column by using the gradient mobile
phase with increasing the solvent mixing from chloroform to ethyl acetate and then
to ethyl acetate: methanol (9:1). The compound named NR1 presented 3.9 mg.

The fractions NREOgg and NREOgg were combined and subjected to the
classical column with the gradient mobile phase from dichloromethane to ethyl
acetate and then to ethyl acetate: methanol (9:1). The given fractions were NREOpz
and NREOpss. The pooled fractions of NREOp10 to NREOp1s were washed by ethyl
acetate to yield 1.9 mg of NR2.

The combined fractions of NREOa13 and NREOa14 were separated by the
classical column with the gradient mobile phase as ethyl acetate to ethyl acetate:
methanol (1:1). Sixteen fractions (NREOg: to NREOEeis) were collected. The
fractions NREOgs and NREOEg7 were pooled and loaded to the classical column with
the gradient mobile phase by using chloroform to chloroform: methanol (1:1) to
achieve 1.4 mg of NR3.

The fractions NREOa10 was chromatographed on classical column with
gradient mobile phase from hexane: ethyl acetate (1:1) to ethyl acetate: methanol
(9:1). Twenty-three fractions, NREOF:1 to NREOF23, were presented. Fractions
NREOrs to NREOFr11 were pooled and partitioned with 3 solvents including hexane,
chloroform and methanol. The methanol part (MeOH-NREOgs-r11) was subjected
to the classical column with gradient mobile phase from chloroform to chloroform:
methanol (9:1). The isolated compounds were NR4 (1.8 mg) and NR5 (9.9 mg).
The isolation and purification of compounds from NREO extract were shown as
Scheme 3-7.
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NREO extract
______ i_ |
[ ]
NREOa7-as NREOa10 NREOa13-a14
______ é_ T i i IX i i VII i
[ |
NREOg4-g5 NREOgs-g9 NREOrs-r11 NREOes-e7
_____ I i -----i vV i ------i X i -1 VIII i
NREOcs-cs NREOpio-p15s MeOH-NREOks-r11 NR3
----- v v - X1
l l
NR1 NR2 NR4 NR5

Scheme 3-7 The isolation and purification process of ethanol extract of N. racemosa

stem

I = Quick column chromatography [Hexane to EtOH]
Il =Classical column chromatography [CHCIs to CHCIl3: MeOH (1:1)]
1l = Gel filtration column chromatography [MeOH]
IV = Classical column chromatography [CHCIs to EtOACc to EtOAc: MeOH (9:1)]
V = Classical column chromatography [CH2Cl> to EtOAc to EtOAc: MeOH (9:1)]

VI = Wash by EtOAc
VI

= Classical column chromatography [EtOAc to EtOAc: MeOH (1:1)]

VIl = Classical column chromatography [CHCI3 to CHCl3: MeOH (1:1)]

IX = Classical column chromatography [Hexane: EtOAc (1:1) to EtOAc: MeOH (9:1)]
X = Partition by Hexane, CHCI; and MeOH
Xl = Classical column chromatography [CHCIs to CHCIs: MeOH (1:1)]
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3.5 Biological determination

The a-glucosidase inhibitory activity assay was performed following by
Dej-adisai and Pitakbut (2015). The principle of a-glucosidase activity is the catalytic
reaction of glucosidase enzyme. The enzyme catalyzes p-nitrophenol-a-D-
glucopyranoside (pNPG), the translucent substrate, into p-nitrophenol (pNP) as
following Figure 3-1. If sample has the inhibitory effect to enzyme activity, the enzyme
reaction is stopped or slowly appear. The yellow yield of pNP was determined by
colorimetric method using SPECTROstar Nano BMG Labtech microplate reader at 405

nm. The absorbed value varies directly as the pNP amount from the reaction.

. OHO G
H(I-)iO Alpha-glucosidase Hao \©\
S + +-0
OHOH i)
&
N

L
0

para-nitrophenyl-a-D-glucopyranoside a-glucopyranoside para-nitrophenol
(yellow color)
absorb UV at 405 nm

Figure 3-1 The reaction and determination of a-glucosidase activity (Dej-adisai and
Pitakbut, 2015)

3.5.1 Solution preparation
3.5.1.1 Preparation of 0.01 M phosphate buffer (pH7)

Firstly, the solution was prepared separately as 0.02 M NaH2PO4.H20
solution (call as solution A) and 0.02 M Na;HPO;4 (call as solution B). The
solution A prepared by dissolving NaH2PO4.H20 0.312 g of with 100 ml of
distilled water. The solution B prepared by dissolving Na2HPO4 0.284 g with
100 ml of distilled water. Afterward, the appropriate volumes of solution A
and solution B were mixed until given the mixing solution (call as solution

AB) that had pH 7. Finally, the solution AB was diluted by the equal volume
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of distilled water to given the 0.01 M phosphate buffer (pH7) of stock
solution.

The stock solution was kept in the refrigerator at 4 °C. Before using,
this solution was added bovine serum albumin (BSA) and sodium azide

(NaN3) as the concentration 0.2 mg/ml and 0.02 mg/ml, respectively.

3.5.1.2 Preparation of a-glucosidase enzyme solution (1 U/ml)
The o-glucosidase 1 unit from Saccharomyces cerevisiae (Type I,
lyophilized powder, Sigma, EC 3.2.1.20) was dissolved in 1 ml of in used

phosphate buffer solution.

3.5.1.3 Preparation of para-nitrophenyl-a-D-glucopyranoside

The p-nitrophenyl-a-D-glucopyranoside (pNPG), MW. = 301.25
g/mol., was used as the substrate of a-glucosidase activity reaction. The pNPG
stock was prepared as 4 folds of the final concentration in the reaction.

For determination of a-glucosidase inhibitory activity, inhibitory
concentration at 50 percentage (ICso) and combination test, 4 mM pNPG was
prepared by weighting 1.21 mg and then dissolved in 1 ml of in used
phosphate buffer solution. For enzyme kinetic determination, 20 mM pNPG
was prepared by weighting 6.025 mg and then dissolved in 1 ml of in used
phosphate buffer solution. The concentrations of pNPG in this experiment
were as 10, 5, 2.5 1.25 and 0.625 mM, respectively. They were prepared by
series dilution from 20 mM pNPG.

3.5.1.4 Preparation of samples and standard drugs

The samples and standard drugs were diluted in 20%
dimethylsulfoxide (DMSO) in distilled water. This prepared concentration
was 4 folds of the final concentration in the reaction.

3.5.2 Determination of a-glucosidase inhibitory activity
In this experiment, the assay was tested in 96 wells plate and prepared
solutions were described in the previous topic 3.5.1. First step, 50 pl of 0.01 M
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phosphate buffer with BSA and NaNs (PBS) added into well plate. Secondly, 50 ul
of prepared samples or standard drugs was filled. Each tested sample or standard
drug condition was repeated in 3 wells. Thirdly, 50 ul of a-glucosidase enzyme
solution was added to wells. Moreover, the blank tested well which contained 100
ul of PBS and 50 ul of tested solution was also prepared. Afterward, the mixture
solution in plate was incubated at 37°C for 2 minutes. Finally, 50 pl of pNPG was
added in the wells. The pNP was performed and monitored at 405 nm every 1
minute for 20 minutes by microplate reader. The measured absorbance of tested
wells was deleted with the measured absorbance of blank wells before using for the
velocity calculation. The velocity was demined by relationship equation between

the mention absorbance and time as following Equation 1.

Equation 1 Initial velocity (Vi) = Aabsorbance at 405 nm

ATime

The initial velocity (Vi) from initial reaction of each sample was
determined and the percentage of inhibition was further calculated by Equation 2

as showed below.

Equation 2 %inhibition = Vi control — Vi sample

x 100

Vi control

3.5.3 Determination of the inhibitory concentration at 50 percentage (1Cso)
For this experiment, the samples were also determined the inhibitory

concentration at 50 percentage (ICso). The ICso value was received from the

calibration plotted between percentages of inhibition and five concentrations of

samples.

3.5.4 Enzyme kinetic determination
The selected extracts and compounds were determined the mode of inhibition

by using the double reciprocal Linewerver-Burk plot manner. The Linewerver-Burk
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plots was provided from Equation 3. The secondary plots conducted inhibition
constant, Ki or Ki'. The Ki value was shown when the inhibitor binds to free enzyme
of competitive inhibition. In the other way, Ki’ value was presented when the
inhibitor binds to enzyme-substrate complex of uncompetitive inhibition. This
experimental used the similar enzyme inhibition procedure as mention topic 3.5.2.
However, 5 concentrations of pNPG (2.5-0.15625 mM) and 3 concentrations of

tested sample were evaluated for the inhibition manner.

Equation 3

1 _ Kny1 1
VIal)
V Vmax S Vmax

Km = Michalis constant

V  =velocity

Vmax = maximum velocity

S = concentration of the substrate

3.5.5 Combination test

This experiment was generated by the computer software, CompuSyn®.
However, the percent inhibition values of single sample and combined sample with
acarbose 250 ug/ml gained from the laboratory experiment as previous topic 3.5.2.
This combination design was non-constant ratio. The combination index (CI) and
the plots were automated by the CompuSyn®. The combined effect to a-glucosidase
was analyzed from the plot of fraction affected (Fz) versus combination index (CI)
and the normalized isobologram. Normally, the quantitative CI were defined to
synergism as Cl < 1, additive effect as Cl = 1 and antagonism as Cl > 1 (Chou,

2010). The expanded definition of the quantitative CI was presented in Table 3-4.
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Combination Description Combination Description
index range (Chou, 2006) index range (Chou, 2010)
<0.1 Very strong synergism
0.10-0.30 Strong synergism
0.30-0.70 Synergism <1 Synergism
0.70-0.85 Moderate synergism
0.85-0.90 Slight synergism
0.90-1.10 Nearly additive 1 Additive
1.10-1.20 Slight antagonism
1.20-1.45 Moderate antagonism
1.45-3.30 Antagonism >1 Antagonism
3.30-10.00 Strong antagonism
>10.00 Very strong antagonism

3.6 Molecular docking study

The docking experiment was operated by Mr. Thanet Pitabut, Ph.D. candidate at
Department of Biochemical and Chemical Engineering, Technical University of
Dormund, Dortmund, Germany. Before generated experiment, both target enzyme and
compounds was prepared. The crystal structure of target protein, a-glucosidase (PDB
ID: 3ada) was obtained from RCB Protein Data Bank (http://www.rcsb.org). The
chemical structure of isolated compounds from S. stramonifolium inflorescence and N.
racemosa stem was downloaded from Pubchem (https://pubchem.ncbi.nlm.nih.gov).

Autodock Tool version 1.5.6 was used to prepare a-glucosidase and to identify the
active site. The native glucose molecule was used as a guideline (Chetty and Soliman,
2015). The three-dimension grid of active site was presented center of x axis = 21.1,
center of y axis = -7.4 and center of z axis = 24.2, respectively. The compounds of S.
stramonifolium and N. racemosa were separated docking. The grid size of the isolated
compounds from S. stramonifolium were set as 16 A x 16 A x 16 A, while the grid size
of the isolated compounds from N. racemosa were set as 17 A x 17 A x 17 A. In this

study, the two steps energy minimization of compounds used Avogadro Version 1.2.0,
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while a geometric optimization used a general amber force field, GAFF (Hanwell et al.,
2012). These parameters were set as a default except the exhaustiveness value which
adjusted to 24. To validated docking experiment, the glucose molecule was re-docked
into the identified active site. The accepted criterion of re-docking was since the root-
mean-square deviation (RMSD) was less than 1 A (Morris et al., 2009). For post-
docking analysis, viewdock package of Chimera version 1.11.2 (Pettersen et al., 2004)
was used to present the molecular interaction and evaluated the outcomes. Moreover,
Autodock 4.2.6 was also used for evaluation of binding energy (Morris et. al., 2009;
Dej-adisai et. al., 2021).
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Screening on a-glucosidase inhibition of S. stramonifolium inflorescence and

N. racemosa stem extracts

Initially, the dried S. stramonifolium inflorescence (481.61 grams) and N. racemosa
stem (3.10 kilograms) were separately extracted by the series of solvent polarity. They
were extracted by hexane (the lowest polarity solvent), ethyl acetate, ethanol, and boil
water (the highest polarity solvent), respectively. All fractionated extracts of S.
stramonifolium inflorescence and N. racemosa stem were tested on o-glucosidase
inhibitory activity. The yield and the biological activity of S. stramonifolium
inflorescence are shown in Table 4-1, while those of N. racemosa stem extracts are
presented in Table 4-2.

Table 4-1 The percent yield and a-glucosidase inhibition of S. stramonifolium (SS)

inflorescence extracts

) % Inhibition
Extracted Weight | % 1Cs0
No. Code _ at 2 mg/ml +
solvent (9) Yield (ng/ml)
SD
1. |- SS- 487.61 - - -
Materials
2. | Hexane SSHX 1195 | 245 | 11.65+9.44 3,134.85
3. | Ethyl acetate | SSEA 4.10 1.01 | 92.79+1.07 215.92
4. | Ethanol SSEO 7.34 151 | 96.63+0.65 221.67
5. | Water SSWT 144.10 | 29.55 | 69.34+1.76 324.44
6. | Positive Acarbose - - 76.44 +3.06 241.40
standard
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Table 4-2 The percent yield and a-glucosidase inhibition of N. racemosa (NR) stem

extracts
] % Inhibition
Extracted Weight | % 1Cs0
No. Code _ at 2 mg/ml =
solvent (9) Yield (ng/ml)
SD
1. |- NR- - - -
Materials 3.10*
2. | Hexane NRHX 3.89 0.13 | 28.93+6.32 56.81**
3. | Ethyl acetate | NREA 5.27 0.17 | 92.44+0.94 191.44
4. | Ethanol NREO 39.24 | 1.27 | 98.82+3.78 39.65
5. | Water NRWT 14740 | 475 | 46.21+4.42 4.02%**
6. | Positive Acarbose - 84.22+1.23 245.95
standard

*Kkg, ** g/ml, *** mg/ml

The high yields of both plant materials were water part. The a-glucosidase
inhibition results of S. stramonifolium showed that the ethyl acetate extract (ICso =
215.92 pg/ml) and the ethanol extract (ICso = 221.67 pg/ml) exhibited the strong
inhibitory activity over the standard drug, acarbose (ICso = 241.40 pug/ml). In the same
way, the ethyl acetate and the ethanol extracts of N. racemosa showed the higher ICso
values at 191.44 and 39.65 pg/ml, respectively, than 1Cso values of the acarbose at
245.95 pug/ml. These strong biological activities of the extracts were brought to further

phytochemical investigation.

4.2 Structure determination of isolated compounds

Totally, eleven compounds were isolated, elucidated chemical structure through
spectroscopic techniques such as Nuclear Magnetic Resonance (NMR), Mass Spctra
(MS), Ultra-violet (UV) and Infra-red (IR), and compared with previous reports. Six
compounds (Figure 4-1) were obtained from S. stramonifolium inflorescence and were
determined as myricetin 3, 7, 4', 5-tetramethyl ether (SS1), combretol (SS2),
kaempferol (SS3), kaempferol-7-O-B-glucopyranoside (SS4), 5-hydroxy-3, 7, 4/, 5'-

tetramethoxyflavone-3'-O-glucopyranoside (SS5), mixture of isorhamnetin-3-O-
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glucopyranoside (SS6-1) and kaempferol-3-O-glucopyranoside (SS6-2).  Five
compounds (Figure 4-2) were obtained from Neuropeltis racemosa stem and were

identified as scopoletin (NR1), syringic acid (NR2), methyl 3-methyl-2-butenonoate

(NR3), trans-N-feruloyltyramine (NR4) and trans-N-coumaroyltyramine (NR5).

Myricetin 3, 7, 4’, 5'-tetramethyl ether Combretol
(SS1) (8S2)

Kaempferol
(SS3) (SS4)

5-Hydroxy-3, 7, 4', 5'-tetramethoxyflavone-3'-O-glucopyranoside
(SS5)

Figure 4-1 Isolated compounds from S. stramonifolium inflorescence



OH OH
Isorhamnetin-3-O-glucopyranoside Kaempferol-3-O-glucopyranoside
(SS6-1) (SS6-2)

Figure 4-1 Isolated compounds from S. stramonifolium inflorescence (continued)

H;CO

Scopoletin Syringic acid
(NR1) (NR2)

CH, 0o YN
M
H;C OCH,
4 2 OCH,
Methyl 3-methyl-2-butenonoate trans-N-Feruloyltyramine
(NR3) (NR4)

trans-N-Coumaroyltyramine
(NR5)

Figure 4-2 Isolated compounds from N. racemosa stem

52
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4.2.1 The isolated compounds from S. stamonifolium inflorescence
4.2.1.1 Structure determination of SS1

Molecular formula  : C19H180s

ESI Mass (M-H) : 373.0929

SS1 (9 mg) was obtained as a yellow amorphous solid and dissolved in
chloroform. The UV spectrum in chloroform (Appendix 1) showed Amax at 270 and
330 nm. IR spectrum (Appendix 2) demonstrated absorption band at 3436 cm™ (-OH),
2963 cm™* (-CH3), 1651 cm™ (C=0), 1594-1455 cm™ (C=C), 1260-1160 cm™(-OCHz),
1104-1027 cm™ (-C-O) and 803 (=C-H).

The *H-NMR spectrum of SS1 (500 MHz in CDCls, Appendix 3)
exhibited four doublet and six singlet proton signals. Two doublet signals at 6n 6.34
(1H, d, J = 2.19 Hz) and 6.42 (1H, d, J = 2.19 Hz) were assigned as H-6 and H-8,
respectively. Other two doublet signals at o 7.34 (1H, d, J = 2.00 Hz) and 7.33 (1H,
d, J = 2.00 Hz) were determined as the meta-protons of ring B due to J-value. Four of
six singlet proton signals, o4 3.859, 3.860, 3.92 and 3.98, belong to four methoxy
groups due to chemical shifts and 3H integration ratio of each signal. Other singlet
proton signals (61 5.90 and 12.55) were distinguished as two phenolic hydroxyl groups
based on their chemical shifts. The phenolic hydroxyl group at 64 12.55 (OH-5) was
shifted downfield which was the effect of hydrogen bonding with the carbonyl group.
'H NMR data of SS1 in CDCl3s were compared with previous report (Demetzoc et al.,
2001) as Table 4-3.

The *C-NMR spectrum of SS1 (125 MHz in CDCls, Appendix 4)
showed nineteen carbon signals (Table 4-4) that were determined as eight oxygenated
aromatic carbon signals, four tertiary aromatic carbon signals, four methoxy carbon
signals, two quaternary carbon signals and one carbonyl signal. The chemical shifts of
eight oxygenated aromatic carbon signals showed at 6¢ 137.74, 139.50, 149.17, 152.03,
155.33, 156.74, 161.98 and 165.57. Two of four tertiary aromatic carbon signals at 6c
92.17 and 97.95 were assigned as C-8 and C-6, respectively. The remaining tertiary
aromatic carbon signals at 5¢c 104.99 and 108.55 were determined as C-2" and C-6". The
signals at 6c 105.00 and 125.95 were indicated as the two quaternary carbons at C-10
and C-1', respectively. The four methoxy carbon signals were also presented at oc

55.83, 56.07, 60.33 and 61.11. Moreover, the carbonyl signal was found at ¢ 178.83.
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When these *C-NMR data was compared with the previous report of myricetin 3, 7, 4,
5'-tetramethyl ether in CDCls (Datta et al., 2000) as Table 4-4.

The HMBC experiment was also used to confirm the correlation signals
of SS1. H-6 and H-8 exhibited correlation with carbon of ring A. H-6' showed
correlation with the resonance at dc 155.33 (C-2) that were presented the binding
between ring B and ring C. Moreover, four methoxy groups were correlated with four
oxygenated aromatic carbons. HMBC data of SS1 were showed in Table 4-5 and
Figure 4-3. The structure of SS1 (Figure 4-1) was determined as myricetin 3, 7, 4’, 5'-
tetramethyl ether. The HR-ESIMS data of SS1 showed [M-H] peak at m/z 373.0929
(Appendix 5) which agreed with myricetin 3, 7, 4, 5'-tetramethyl ether molecular
weight.

Table 4-3 The comparison of *H-NMR spectral data between SS1 and myricetin 3, 7,
4', 5'-tetramethyl ether

Position oH (ppm)
SS1in CDCls myricetin 3, 7, 4, 5'-tetramethyl ether in
(*H: 500 MHz) CDCls (*H: 300 MHz)
(Demetzoc et al., 2001)

6 6.34 (d, 2.19) 6.33 (d)

8 6.42 (d, 2.19) 6.42 (d)

2' 7.34 (d, 2.00) 7.33 (d)

6’ 7.33(d, 2.00) 7.31 (d)

OCHgs-3 3.860 (s) 3.98 (s)

OCHs-7 3.859 (s) 3.85 (s)

OCHs-4" | 3.98 (s) 3.86 (s)

OCHs-5 | 3.92(s) 3.92 (s)

OH-5 12.55 (5) 12.54 (s)

OH-3 5.90 (brs) 5.93 (brs)
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Table 4-4 The comparison of *C-NMR spectral data between SS1 and myricetin 3, 7,

4', 5'-tetramethyl ether

Position oc (ppm)
SS1in CDCls myricetin 3, 7, 4, 5'-tetramethyl ether in
(13C: 125 MHz) CDCls (*3C: 125 MHz)
(Datta et al., 2000)

2 155.33 155.3
3 139.50 139.7
4 178.83 178.8
5 161.98 162.0
6 97.95 98.0

7 165.57 165.6
8 92.17 92.2

9 156.74 156.8
10 105.00 106.1
1 125.95 126.0
2’ 108.55 108.6
3 149.17 149.2
4’ 137.74 137.8
5 152.03 152.0
6’ 104.99 105.1
OCHz-3 60.33 60.3

OCHzs-7 55.83 56.1

OCH3s-4' 61.11 61.1

OCHs-5" | 56.07 55.8




Table 4-5 The *H- and **C-NMR spectral data of SS1
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Position SS1in CDCls
(*H: 500 MHz; 13C: 125 MHz)

oc (ppm) | OwH (ppm), Multiplicity, J (Hz) HMBC
2 155.33 - H-6
3 139.50 - OCHzs-3
4 178.83 - -
5 161.98 - H-6
6 97.95 6.34 (d, 2.19) H-8
7 165.57 - H-6, H-8, OCH3-7
8 92.17 6.42 (d, 2.19) H-6
9 156.74 - H-8
10 105.00 - H-6
1 125.95 - -
2' 108.55 7.34 (d, 2.00) H-6'
3 149.17 - H-6
4 137.74 - H-6', OCHz-4'
5 152.03 - H-2', OCHz-5'
6' 104.99 7.33 (d, 2.00) -
OCH3-3 |60.33 3.860 (s) -
OCHs-7 | 55.83 3.859 (s) -
OCH3z-4' | 61.11 3.98 (s) -
OCH3-5' | 56.07 3.92 (s) -
OH-5 - 12.55 (s) -
OH-3 - 5.90 (brs) -
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OH o] CH,

Figure 4-3 The main HMBC correlation of SS1

4.2.1.2 Structure determination of SS2
Molecular formula  : CooH200s
ESI Mass (M-H) : 387.1086

SS2 (3.1 mg) was obtained as a yellow amorphous solid and dissolved
in chloroform. The UV spectrum in chloroform (Appendix 6) showed Amax at 268 and
347 nm. IR spectrum (Appendix 7) demonstrated absorption band at 3502 cm™ (-OH),
2922-2850 cm™ (-CH3), 1657 cm™ (C=0), 1601-1353 cm™ (C=C), 1247-1126 cm™
(-OCHj3), 1048-1017 cm™ (-C-0) and 812-768 (=C-H).

The *H-NMR spectrum of SS2 (500 MHz in CDCls, as showed in Table
4-6 and Appendix 8) exhibited the quite similar pattern with *H-NMR of SS1. SS2
spectrum showed two doublet and seven singlet proton signals. Two doublet signals at
dn 6.35 (1H, d, J = 2.19 Hz) and 6.45 (1H, d, J = 2.44 Hz) were determined as H-6 and
H-8, respectively. Two singlet signals with three protons integration ratio at 6 3.854
and 3.860 were consequently assigned as OCH3-3 and OCHzs-7. Singlet signal with one
proton integration ratio at 6y 12.57 belongs to OH-5. Ring A protons (H-6 and H-8),
hydroxyl proton (OH-5) and methoxy protons (OCHz-3 and OCHs-7) had similar
signals which found from *H-NMR of SS1. Moreover, three singlet signals at 5y 7.34,
3.926 and 3.927 were indicated as signals of substitued aromatic ring (ring B). The

singlet signal with two protons integration ratio at o 7.34 was assigned as two protons
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(H-2" and H-6") and the singlet signals with six protons integration ratio at 64 3.926
were assumed as two methoxy protons (OCHz-3" and OCHzs-5"). The remaining singlet
signals with three protons integration at on 3.927 was indicated as methoxy protons of
OCHs-4'.

The BC-NMR spectrum of SS2 (125 MHz in CDCIls, Appendix 9)
showed twenty carbon signals (Table 4-6) that were determined as eight oxygenated
aromatic carbon signals, four methoxy carbon signals, three tertiary aromatic carbon
signals, two quaternary carbon signals and one carbonyl signal. The carbon signals of
ring A and ring C of SS2 were similar to the carbon signals of SS1. The differences
between SS2 and SS1 were carbon signals of ring B. The carbon signals of SS2-ring B
showed oc 105.90 (C-2' and C-6'), 125.45 (C-1'), 140.50 (C-4’) and 153.10 (C-3' and
C-5’) due to three methoxy substitution on C-3’, C-4’ and C-5'. These methoxy carbons
showed two signals at dc 56.31 and 61.02. The NMR signals of SS2 were confirmed
the correlation by HMBC and were compared with previous report of 5-hydroxy-3, 3’,
4’ 5, 7-pentamethoxyflavone in CDClI3z (Dachriyanus et al., 2004) as shown in Table
4-6 and Figure 4-4, respectively. The HR-ESIMS data of SS2 showed [M-H] peak at
m/z 387.1086 (Appendix 10) which agreed with 5-hydroxy-3, 3, 4', 5, 7-
pentamethoxyflavone molecular weight. So, SS2 (Figure 4-1) was indicated as 5-

hydroxy-3, 3', 4', 5', 7-pentamethoxyflavone or combretol.
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Table 4-6 The comparison of *H- and 3C-NMR spectral data between SS2 and 5-
hydroxy-3, 3', 4', 5', 7-pentamethoxyflavone

Position SS2in CDCls 5-hydroxy-3, 3", 4", 5, 7-
(*H: 500 MHz; 3C: 125 MHz) pentamethoxyflavone
in CDCls
(*H: 500 MHz;
13C: 125 MHz)
(Dachriyanus et al., 2004)
éc oH (ppm), HMBC dc on (ppm),
(ppm) | Multiplicity, (ppm) Multiplicity,
J (Hz) J (Hz)
2 155.61 |- H-2', H-6' 15553 | -
3 139.39 |- H-2', H-6', 139.34 | -
OCHz-3'
4 178.76 | - - 178.70 | -
5 162.03 | - - 16196 | -
6 97.92 6.35(d, 2.19) | H-8, OH-5 97.87 6.34 (d, 2.2)
7 165.50 | - H-6, H-8, 16551 |-
OCHa-7
8 92.26 6.45(d, 2.44) | - 92.18 6.43 (d, 2.2)
9 156.70 | - H-6, H-8 156.65 | -
10 106.06 | - H-6, H-8, OH-5 | 106.00 | -
1 125.45 | - H2', H-6' 125.40 -
2' 105.90 | 7.34(s) H-6' 106.00 | 7.35(s)
3 153.10 |- H-2', H-6', 153.06 |-
OCHz-3',
OCH3z-4
4 14050 | - OCHs-4' 14054 | -
5 153.10 |- H-2', H-6', 153.06 |-
OCH3z-4,
OCH3z-%
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Table 4-6 The comparison of *H- and 3C-NMR spectral data between SS2 and 5-

hydroxy-3, 3', 4', 5', 7-pentamethoxyflavone (continued)

Position SS2in CDCls 5-hydroxy-3, 3", 4", 5, 7-
(*H: 500 MHz; 3C; 125 MHz) pentamethoxyflavone
in CDCls
(*H: 500 MHz;
13C: 125 MHz)
(Dachriyanus et al., 2004)
oc oH (ppm), HMBC oc o1 (ppm),
(ppm) | Multiplicity, (ppm) Multiplicity,
J (Hz) J (Hz)
6’ 105.90 | 7.34(s) H-2' 106.00 | 7.35(s)
OCHz-3 | 60.36 | 3.854 (s) - 60.27 3.861 (s)
OCHs-7 | 55.85 3.860 (s) - 55.79 3.864 (s)
OCHz-3" | 56.31 | 3.926 (s) - 56.28 3.932 (s)
OCHz-4" | 61.02 | 3.927 (s) - 60.95 3.935 (s)
OCHs-5 | 56.31 3.926 (s) - 56.28 3.932 (s)
OH-5 - 12.57 () OH-5 - 12.56 (5)

Figure 4-4 The main HMBC correlation of SS2
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4.2.1.3 Structure determination of SS3
Molecular formula  : C15H1006
ESI Mass (M-H) : 285.0407

SS3 (2 mg) was obtained as a yellow amorphous solid and dissolved in
methanol. The UV spectrum in methanol (Appendix 11) showed Amax at 211, 265 and
366 nm.

The *H-NMR spectrum of SS3 (500 MHz in CDsOD, Appendix 12)
presented four proton signals with 6+ 6.20 (1H, d, J = 2.0 Hz), 6.42 (1H, d, J = 2.0 Hz),
6.93 (2H,d, J=8.5Hz) and 8.11 (2H, d, J = 10.0 Hz). The protons at 6n 6.20 and 6.42
ppm were determined as the meta-coupled of aromatic proton which agreed with H-6
and H-8, respectively. Other two doublet signals with two protons integration ratio, at
oH 6.93 and 8.11 ppm, were assigned as four aromatic protons. The NMR data of SS3
and previous kaempferol (Aisyah et al., 2017) were compared in Table 4-7. Moreover,
HR-ESIMS data of SS3 which showed [M-H] peak at m/z 285.0407 (Appendix 13)

confirmed the structure of SS3 (Figure 4-1) as kaempferol.

Table 4-7 The comparison of *H-NMR spectral data between SS3 and kaempferol
Position SS3in CDsOD (500 MHz) Kaempferol in CD3OD (500 MHz)
(Aisyah et al., 2017)

on (ppm), Multiplicity, J (Hz) on (ppm), Multiplicity, J (Hz)

6 |6.20(d, 2.0) 6.28 (d, 2.0)

8 | 6.42(d, 2.0 6.52 (d, 2.0)

27 |8.11(d, 10.0) 8.04 (dd, 2.8, 11.5)
3 |6.93(d, 85) 6.95 (dd, 2.7, 9.8)
5 |6.93(d, 8.5) 6.95 (dd, 2.7, 9.8)

& |8.11(d, 10.0) 8.04 (dd, 2.8, 11.5)
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4.2.1.4 Structure determination of SS4
Molecular formula  : Co1H20011
ESI Mass (M-H)"  :447.0933

SS4 (2 mg) was obtained as a yellow amorphous solid and dissolved in
methanol. The UV spectrum in methanol (Appendix 14) showed Amax at 209, 254 and
363 nm.

The 'H-NMR spectrum of SS4 (500 MHz in DMSO-ds, as showed in
Table 4-8 and Appendix 15) presented the doublet signals at o4 6.42 (1H, d, J =15
Hz) and 6.80 (1H, d, J = 2 Hz) were indicated to H-6 and H-8, respectively. The singlet
signal at oy 12.53 was determined as the phenolic hydroxyl proton of position 5 (OH-
5). Two doublet signals at o 6.94 (2H, d, J =9 Hz) and 8.09 (2H, d, J = 7.5 Hz) were
assigned as four aromatic protons (H-2’, H-3', H-5’and H-6") of ring B. The proton
chemical shifts of ring A and ring B were indicated that SS4 structure had typical
kaempferol aglycone when compared with SS3 (Table 4-9). Additionally, the doublet
signal with one proton integration ratio at 6 5.07 (J = 7.5 Hz) was determined as the
anomeric proton of glucosyl unit. The J value of anomeric proton suggested the 3
configuration. The NOESY correlation of 4 5.07 (H-1") to 61 6.42 (H-6) and 6.80 (H-
8) were used to identify the linkage between sugar moiety and aglycone at C-7 (Table
4-8, Figure 4-5 and Appendix 16).

The B*C-NMR spectrum of SS4 (125 MHz in DMSO-ds, as showed in
Table 4-8 and Appendix 17) showed nineteen carbon signals. The six oxygenated
aromatic carbons displayed at 6c 136.72 (C-3), 147.96 (C-2), 156.20 (C-9), 159.84 (C-
7),160.82 (C-4') and 163.13(C-5). Two of tertiary aromatic carbon signals which found
at 6c 99.20 and 100.33 were assigned as C-8 and C-6, respectively. Other two tertiary
aromatic carbon signals (6c 115.94 and 130.08) were indicated to four carbons (C3'/C5’
and C2'/C6’) of ring B. The two quaternary aromatic carbons at 6c 105.16 and 122.05
were assigned as C-10 and C-1'. The carbonyl signal was found at 6c 176.09 (C-4).
These signal belong to flavonol aglycone unit. The signals of anomeric carbon
presented at 6c 94.81 (C-1"), while the signals at 6¢c 61.07 (C-6"), 70.02 (C-4""), 73.59
(C-2),76.90 (C-3"), and 77.64 (C-5"") were the five oxygenated carbon signals of sugar
unit. The proton and carbon chemical shift values of SS4 were in accordance with

flavonol glycoside that previously reported of kaempferol 7-O-B-glycopyranoside
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(Pereira et al., 2012) as showed in Table 4-10. The HR-ESIMS data of SS4 was found
[M-H] peak at m/z 447.0933 (Appendix 18) which agreed that the structure of SS4

(Figure 4-1) as kaempferol-7-O-p-glycopyranoside.

Table 4-8 The NMR spectral data of SS4

Position SS4 in DMSO-ds (*H: 500 MHz; 13C: 125 MHz)
dc (ppm) on (ppm), Multiplicity, J (Hz) NOESY

2 147.96 - -

3 136.72 - -

4 176.09 - -

5 163.13 - -

6 100.33 6.42 (d, 1.5) -

7 159.84 - -

8 99.20 6.80 (d, 2.0) -

9 156.20 - -

10 105.16 - -

1 122.05 - -

2 130.08 8.09 (d, 7.5) -

3 115.94 6.94 (d, 9.0) -

4 160.82 - -

5 115.94 6.94 (d, 9.0) -

& 130.08 8.09 (d, 7.5) -

1 94.81 5.07 (d, 7.5) H-6, H-8
2 73.59 3.14-3.73 (m) -

3 76.90 3.14-3.73 (m) -

4 70.02 3.14 -3.73 (m) -

5 77.64 3.14-3.73 (m) -

6" 61.07 3.14-3.73 (m) -
5-0H |- 12.53 (brs) -




Figure 4-5 NOESY correlations of SS4

Table 4-9 The comparison of *H-NMR spectral data between SS3 and SS4

Position oH (ppm),

Multiplicity, J (Hz)

SS3in CDsOD SS4 in DMSO-ds
(*H: 500 MHz; 13C: 125 MHz) (*H: 500 MHz; 13C: 125 MHz)

6 6.20 (d, 2.0) 6.42 (d, 1.5)
8 6.42 (d, 2.0) 6.80 (d, 2.0)
2 8.11 (d, 10.0) 8.09 (d, 7.5)
3 6.93 (d, 8.5) 6.94 (d, 9.0)
5 6.93 (d, 8.5) 6.94 (d, 9.0)
6 8.11 (d, 10.0) 8.09 (d, 7.5)
1 - 5.07 (d, 7.5)
21 - 3.14-3.73 (m)
3 - 3.14 -3.73 (m)
4 - 3.14-3.73 (m)
5 - 3.14-3.73 (m)
6 - 3.14 -3.73 (m)
50H |- 12.53 (brs)
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Table 4-10 The comparison of *H- and 3C-NMR spectral data between SS4 and
kaempferol-7-O-B-glucopyranoside

Position SS4 in DMSO-ds Kaempferol 7-O-B-
(*H: 500 MHz; ©°C: 125 MHz) glucopyranoside in DMSO-ds
(*H: 500 MHz; 13C: 125 MHz)
(Pereira et al., 2012)
dc o+ (ppm), dc (ppm) dr (ppm),
(ppm) Multiplicity, J (Hz) Multiplicity,
J (Hz)
2 147.96 | - 147.5 -
3 136.72 | - 136.1 -
4 176.09 | - 176.1 -
5 163.13 | - 160.4 -
6 100.33 | 6.42 (d, 1.5) 103.0 6.44 (d, 1.7)
7 159.84 | - 157.9 -
8 99.20 |6.80(d, 2.0) 98.0 6.81(d, 1.7)
9 156.20 | - 155.8 -
10 105.16 | - 104.7 -
1 122.05 | - 1215 -
2' 130.08 | 8.09 (d, 7.5) 130.5 7.96 (d, 8.8)
3 115.94 | 6.94 (d, 9.0) 116.2 6.80
4 160.82 | - 159.4 -
5 115.94 | 6.94 (d, 9.0) 116.2 6.80
6’ 130.08 |8.09 (d, 7.5) 130.5 7.96 (d, 8.8)
1" 94.81 |5.07(d, 7.5) 96.9 5.50 (d, 7.6)
2" 7359 |3.14-3.73 (m) 73.1 3.36
3" 76.90 |3.14-3.73 (m) 76.4 3.30
4" 70.02 | 3.14-3.73 (m) 69.6 3.65
5" 77.64 | 3.14-3.73 (m) 77.2 3.32
6" 61.07 | 3.14-3.73 (m) 60.6 3.37
5-0H |- 12.53 (brs) - 12.85 ()
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4.2.1.5 Structure determination of SS5
Molecular formula  : CosH2g013
ESI Mass (M-H) : 535.1457

SS5 (1 mg) was obtained as a yellow amorphous solid and dissolved in
methanol. The UV spectrum in methanol (Appendix 19) showed Amax at 212, 268 and
337 nm.

The H-NMR spectrum of SS5 (500 MHz in DMSO-ds, as showed in
Table 4-11 and Appendix 20) showed two doublet signals at o4 6.41 (1H, d, J = 2.0
Hz) and 6.85 (1H, d, J = 2.5 Hz) were indicated as H-6 and H-8, respectively. The
singlet signal at 6y 12.55 (1H, s) belongs to the phenolic hydroxyl proton, OH-5. The
two doublet signals at o4 7.46 (1H, d, J = 2.0 Hz) and 7.52 (1H, d, J = 2.0 Hz) were
determined as the meta-proton of ring B, while the doublet signal 61 4.96 (1H, d, J =
7.5 Hz) was indicated as anomeric proton of sugar substitution. Other doublet signals
(at & 5.36 (1H, d, J = 5.0 Hz), 5.13 (1H, d, J = 5.0 Hz) and 5.05 (1H, d, J = 5.0 Hz))
and triplet signal (at ox 4.68 (1H, t, J = 6, 5.0 Hz)) were suggested as hydroxyl proton
of sugar unit. The signals at 64 3.18 (m), 3.33(m), 3.38 (m) and 3.52 (m) belong to
glucosyl hydrogen atoms. Besides, four singlet signals at 64 3.84, 3.87, 3.88 and 3.884
were determined as fours methoxy groups presence on the structure.

The BC-NMR spectrum of SS5 (125 MHz in DMSO-ds, as showed in
Table 4-11 and Appendix 21) demonstrated twenty-five carbon signals. Eight
oxygenated carbons appeared at 6c 139.30 (C-3), 141.25 (C-4'), 151.49 (C-3), 153.28
(C-57), 155.47 (C-2), 156.50 (C-9), 161.34 (C-5) and 165.80 (C-7). Two tertiary
aromatic carbons of ring A were observed at 6¢c 98.39 (C-6) and 93.17(C-8), while two
tertiary aromatic carbons of ring B were found at 8¢ 107.23 (C-6) and 110.23 (C-2').
The carbonyl carbon displayed at 6c 178.71 (C-4). Two quaternary aromatic carbons
showed at ¢ 105.81 (C-10) and 125.32 (C-1'). Four methoxy carbons present at d¢c
56.59 (OCHz3-5"), 56.61 (OCHs3-7), 60.52 (OCH3-3) and 61.03 (OCH3-4"). These carbon
signals belong to aglycone part of SS5 which were similar to those reported for SS1 as
comparable Table 4-12. Interestingly, C-3' chemical shift of SS5 located a bit
downfield than C-3'chemical shift of SS1. The signal at 5c 101.92 was indicated as the
anomeric carbon (C-1"), while residue five carbon signals (6c 73.76, 70.27, 77.22,
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77.89 and 61.34) were assigned as oxygenated carbons of sugar moiety. So, the
structure of SS5 were suggested as flavonoid mono-glycoside.

The HMBC correlation data (Table 4-11, Figure 4-6 and Appendix 22)
of SS5 indicated that the 3,7-dimethoxyflavone skeleton and the 4’,5'-dimethoxy
substituted ring B was preserved as compared with SS1 (Table 4-12). The aromatic
proton at dx 7.52 (H-2") showed three bond correlation with carbons at ¢ 155.47 (C-2)
and 107.23 (C-6), while it exhibited two bond correlation with carbon at d¢ 151.49 (C-
3"). The anomeric proton at on 4.96 (H-1"") presented three bond correlation with
carbons at d¢c 151.49 (C-3’). In addition, NOESY correlation (Table 4-11 and Figure
4-7) displayed space correlation between the aromatic proton at 4 7.52 (H-2') and the
anomeric proton at o4 4.96 (H-1""). These correlations supported the sugar substitution
at carbon position C-3'. The J value of the anomeric proton indicated the B
configuration. Due to review of the literature on previous reported flavonoid glycosides
have not been full matched with SS5 NMR data. Besides the SS5 NMR data were
compared with SS1 NMR data to confirm the 3, 7-dimethoxyflavone skeleton (Table
4-12), the data were also compared with the biotransformation compound, 3'-O-3-D-
(4”-O-methylglucopyranosylo)-5, 7, 4', 5'-tetramethoxyflavone (Luzny et al., 2021), to
displayed the presence of sugar substitution at carbon position C-3' (Table 4-13). So,
the structure of SS5 (Figure 4-1) was determined as 5-hydroxy-3, 7, 4', 5'-
tetramethoxyflavone-3'-O-B-glucopyranoside. The HR-ESIMS data of SS5 was found
[M-H] peak at m/z 535.1457 (Appendix 24) which agreed that the structure of SS5 as
5-hydroxy-3, 7, 4', 5'-tetramethoxyflavone-3'-O-B-glucopyranoside. The
glucopyranoside substitution at this position of the aglycone has not been reported

before.

Figure 4-6 The main HBMC correlations of SS5
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Table 4-11 The NMR spectral data of SS5

Position SS5 in DMSO-ds (*H: 500 MHz; 3C: 125 MHz)
dc (ppm) | o1 (ppm), HMBC NOESY
Multiplicity, J (Hz)
2 155.47 - H-6", H-2’ -
3 139.30 - OCHs-3 -
4 178.71 - - -
5 161.34 - OH-5 -
6 98.39 6.41 (d, 2.0) H-8, OH-5 -
7 165.80 - H-6, H-8, OCHzs-7 -
8 93.17 6.85 (d, 2.5) H-6 -
9 156.50 - H-8 -
10 105.81 - H-6, H-8, OH-5 -
1 125.32 H-2', H-6' -
2' 110.23 7.52 (d, 2.0) H-6' H-1"
3 151.49 - H-2', H-1" -
4 141.25 - H-6’, H-2', OCHs-4' | -
5 153.28 - H-6, OCHz-5' -
6’ 107.23 7.46 (d, 2.0) H-2 -
17 101.92 4.96 (d, 7.5) - H-2'
2" 77.22 3.18-3.74 (m) - -
3" 73.76 3.18-3.74 (m) - -
4 70.27 3.18-3.74 (m) - -
5" 77.89 3.18-3.74 (m) - -
6" 61.34 3.18-3.74 (m) - -
OCHz-3 | 60.52 3.87 (s) - -
OCHz-7 56.61 3.88 (s) - -
OCHs-4" | 61.03 3.84 (s) - -
OCH3-5' | 56.59 3.884 (s) - -
OH-5 - 12.55 (s) - -
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Figure 4-7 NOESY correlations of SS5

Table 4-12 The comparison of *H-, $3C- and HMBC NMR spectral data between SS5

and SS1
Position SS1in CDCls SS5 in DMSO-ds
(*H: 500 MHz; 13C: 125 MHz) (*H: 500 MHz; 13C: 125 MHz)
dc | 8n (ppm), HMBC | &c | H (ppm), HMBC
(ppm) | Multiplicity, (ppm) | Multiplicity,
J (H2) J (H2)
2 155.33 | - H-6’ 155.47 | - H-6',
H-2'
3 139.50 |- OCHs-3 | 139.30 | - OCHs-3
4 178.83 | - - 178.71 | -
5 161.98 | - H-6 161.34 | - OH-5
6 97.95 6.34 H-8 98.39 |6.41 H-8,
(d, 2.19) (d, 2.00) OH-5
7 165.57 | - H-6, 165.80 | - H-6,
H-8, H-8,
OCHzs-7 OCHs-7
8 92.17 6.42 H-6 93.17 |6.85 H-6
(d, 2.19) (d, 2.50)
9 156.74 | - H-8 156.50 | - H-8
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Table 4-12 The comparison of *H-, 3C- and HMBC NMR spectral data between SS1
and SS5 (continued)

Position SS1in CDCls SS5 in DMSO-ds
(*H: 500 MHz; 3C: 125 MHz) (*H: 500 MHz; 3C: 125 MHz)
oc oH (ppm), HMBC 6c | 6H (ppm), HMBC
(ppm) | Multiplicity, (ppm) | Multiplicity,
J (Hz) J (Hz)
10 105.00 | - H-6 105.81 | - H-6,
H-8,
OH-5
1 12595 | - - 125.32 H-2',
H-6'
2' 108.55 |7.34 H-6’ 110.23 | 7.52 H-6'
(d, 2.00) (d, 2.00)
3 149.17 | - H-6' 151.49 | - H-2',
H-1"
4’ 137.74 | - H-6', 141.25 | - H-6',
OCHs-4' H-2',
OCHs-4'
5 152.03 |- H-2', 153.28 | - H-6',
OCHzs-5%' OCHzs-%
6’ 104.99 | 7.33 - 107.23 | 7.46 H-2'
(d, 2.00) (d, 2.0)
1" - - - 101.92 | 4.96 (d, 7.5)
2" - - - 77.22 | 3.18-3.74 (m)
3" - - - 73.76 | 3.18-3.74 (m)
4" - - - 70.27 |3.18-3.74 (m)
5" - - - 77.89 | 3.18-3.74 (m)
6" - - - 61.34 | 3.18-3.74 (m)
OCHs-3 | 60.33 3.860 (s) - 60.52 | 3.87 (s) -
OCHs-7 |55.83 3.859 (s) - 56.61 |3.88(s) -
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Table 4-12 The comparison of *H-, 3C- and HMBC NMR spectral data between SS1
and SS5 (continued)

Position SS1in CDCls SS5 in DMSO-ds
(*H: 500 MHz; 3C: 125 MHz) (*H: 500 MHz; 3C: 125 MHz)
oc oH (ppm), HMBC 6c | 6H (ppm), HMBC
(ppm) | Multiplicity, (ppm) | Multiplicity,
J (Hz) J (Hz)
OCHs-4' | 61.11 | 3.98 (s) - 61.03 | 3.84(s) -
OCHs-5 | 56.07 3.92 (s) - 56.59 |3.884(s) -
OH-5 - 12.55 (s) - - 12.55 (s) -
OH-3 - 5.90 (brs) - - - -

Table 4-13 The comparison of *H- and **C-NMR spectral data between SS5 and 3'-

O-B-D-(4"-O-methylglucopyranosylo)-5, 7, 4', 5'-tetramethoxyflavone

Position SS5 in DMSO-ds 3'-O-pB-D-(4""-O-
(*H: 500 MHz; *3C: 125 MHz) | methylglucopyranosylo)-5, 7, 4', 5'-
tetramethoxyflavone in DMSO-ds
(*H: 600 MHz; *C: 151 MHz)
(Luzny et al., 2021)
dc oH (ppm), dc (ppm) o (ppm),
(ppm) | Multiplicity; J (Hz) Multiplicity; J (Hz)
2 15547 | - 159.17 -
3 139.30 | - 108.04 6.84 (s)
4 178.71 | - 175.78 -
5 161.34 | - 160.23 -
6 98.39 6.41 (d, 2.0) 96.26 6.51 (d, 2.3)
7 165.80 | - 166.64 -
8 93.17 6.85 (d, 2.5) 93.52 6.91 (d, 2.3)
9 156.5 - 159.26 -
10 105.81 | - 108.29 -
1 12532 | - 126.03 -




72

Table 4-13 The comparison of *H- and **C-NMR spectral data between SS5 and 3'-
O-B-D-(4""-O-methylglucopyranosylo)-5, 7, 4, 5'-tetramethoxyflavone

(continued)

Position SS5 in DMSO-ds 3'-O-B-D-(4""-O-
(*H: 500 MHz;"*C: 125 MHz) | methylglucopyranosylo)-5, 7, 4', 5'-
tetramethoxyflavone in DMSO-ds
(*H: 600 MHz; *C: 151 MHz)
(Luzny et al., 2021)
dc oH (ppm), dc (ppm) o (ppm),
(ppm) | Multiplicity; J (Hz) Multiplicity; J (Hz)
2' 110.23 | 7.52(d, 2.0) 107.33 7.48 (d, 2.0)
3 151.49 | - 151.26
4 141.25 | - 140.93 -
5 153.28 | - 153.35 -
6' 107.23 | 7.46 (d, 2.0) 104.37 7.33(d, 2.0)
1" 101.92 | 4.96 (d, 7.5) 100.88 5.03(d, 7.9)
2" 7722 |3.18-3.74(m) 7358 3.30-3.34 (m)
3" 7376 | 3.18-3.74 (m) 76.49 3.45 (dd, 9.0, 5.6)
4" 70.27 | 3.18-3.74 (m) 79.40 3.00 (t, 9.3)
5" 7789 [3.18-3.74 (m) 75.90 3.48-3.56 (M)
6" 61.34 |3.18-3.74 (m) 60.56 3.48-3.56 (M),
3.69 (dd, 10.3, 5.1)
OCHz-3 |60.52 |3.87(s) - -
OCHs-5 | - - 56.08 3.83 (s)
OCHs-7 |56.61 | 3.88(s) 55.84 3.90 (s)
OCHz-4' | 61.03 |3.84(s) 60.51 3.79 ()
OCH3z-5' [ 56.59 | 3.884(s) 55.97 3.90 (s)
OCHs-4" | - - 59.71 3.47 (s)
OH-5 - 12.55 (s) - -
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4.2.1.6 Structure determination of SS6 (Mixture)

SS6 (1.6 mg) was obtained as a yellow amorphous solid and dissolved
in methanol. The UV spectrum in methanol (Appendix 25) showed Amax at 210, 256
and 352 nm. Analysis of purification of SS6 using high performance liquid
chromatography (HPLC) with hypersil ODS column (250%4.0 mm, 5 um particle size)
and diode array detector (260, 292, 370 nm) showed two peaks (Appendix 26). The
HPLC chromatogram of SS6 indicated that the compound was mixture. The NMR data
(Appendix 27 and Appendix 28) of mixture compound (SS6-1 and SS6-2) were

determined as two flavonoid glycosides.

SS6-1
Molecular formula SS6-1: C22H22012
ESI Mass (M-H) 1 477.1042

The *H-NMR spectrum of SS6-1 (500 MHz in DMSO-dg, as Table 4-
14) showed two doublet signals at 6 6.18 (1H, m) and 6.40 (1H, m) were determined
as H-6 and H-8, respectively. Singlet signal at on 12.60 belongs to OH-5. These
protons consisted of 5, 7-dihydroxy-substituted ring A of the flavonoid pattern. Two
doublet signals at 61 6.91 (J = 8.5 Hz) and 7.95 (J = 2.1 Hz) and a doublet of doublet
at on 7.48 (J = 8.5, 2.1 Hz) were assigned as H-2', H-5" and H-6’ of ring B, respectively.
Additionally, the singlet signal at 6+ 3.84 was determined as the present of methoxy
group of ring B, OCH3-3'. The doublet signal with one proton integration ratio at on
5.58 (J = 7 Hz) was attributed to the anomeric proton of glucosyl moiety that substituted
at position 3 of ring C. Other signals (at 61 3.03-3.23 (m)) belong to glucosyl hydrogen
atoms. *H NMR data of SS6-1 in DMSO-ds were compared with previous report (Lee
et al., 2005) as showed in Table 4-15.

The BC-NMR spectrum of SS6-1 (125 MHz in DMSO-ds) showed
twenty-two carbon signals (Table 4-14) that were determined as the characteristic of
flavonoid glycoside. The flavonol aglycone displayed the chemical shift of seven
oxygenated aromatic carbons, five tertiary aromatic carbons, two quaternary aromatic
carbons, one carbonyl carbon and one methoxy carbon. The chemical shifts of seven
oxygenated aromatic carbons showed at 6c 133.57, 147.34, 149.86, 156.52, 156.95,
161.65 and 165.80. The carbon signals at 6c 99.48 and 94.31 were assigned as tertiary
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aromatic carbon of ring A, while the signals at 6¢c 113.91, 115.66 and 122.44 were
indicated as tertiary aromatic carbon of ring B. The two quaternary aromatic carbons
displayed at 6c 104.07 and 121.56. The carbonyl signal was found at 6c 177.75 and the
methoxy carbon signal was showed at oc 56.11. Additionally, the presence of one
glucose unit through signal of one anomeric carbon at 6¢c 101.38 and five oxygenated
carbons at 6c 61.29, 70.34, 74.69, 76.88, 77.96 and 101.38. The NMR signals of SS6-
1 were confirmed the correlation by HMBC and COSY (Table 4-14, Figure 4-8 and
Figure 4-9, Appendix 29 and Appendix 30). The *H and **C spectra of SS6-1 were
compared to chemical shifts from previous report of 3'-O-methylquercetin 3-O-
glucoside in DMSO-de (Lee et al., 2005) as showed in Table 4-13. The negative HR-
ESIMS data of SS6-1 which showed [M-H] peak at m/z 477.1042 (Appendix 31)
supporting the molecular formula [(C22H22012)-H]". The quasi-molecular ion fragments
which were found the mass peak at m/z at 314.0441, 299.0200 and 285.0412 were
proposed fragmentation as showed in Figure 4-10 (Appendix 32). So, SS6-1 (Figure
4-1) was indicated as 3'-O-methylquercetin 3-O-glucoside or isorhamnetin 3-O-

glucoside.

Table 4-14 The NMR spectral data of SS6-1

Position SS6-1 in DMSO-ds (*H: 500 MHz; *C: 125 MHz)
oc oH (ppm), HMBC COSsY
(ppm) | Multiplicity;
J (Hz)
2 156.52 | - H-2', H-6' -
3 13357 |- H-6' -
4 177.75 |- - -
5 161.65 |- H-5, H-6, 5-OH -
6 99.48 |6.18 (m) H-8, 5-OH H-8
7 165.80 |- H-8 -
8 94.31 |6.40 (m) H-6 H-6
9 156.95 |- H-8 -
10 104.07 |- H-8, H-6, 5-OH -
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Position SS6-1 in DMSO-ds (*H: 500 MHz; *C: 125 MHz)
dc 31 (ppm), HMBC COSY
(ppm) | Multiplicity;
J (H2)
1 121.56 | - H-2' -
2' 113.91 | 7.95(d, 2.10) H-6’ H-6’
3 147.34 | - H-2', H-5, 3'-OCH3 | -
4 149.86 | - H-2', H-5', H-6' -
5 115.66 | 6.91 (d, 8.50) - H-6’
6’ 122.44 | 7.48 (dd, 8.50, 2.10) | H-2' H-2', H-5
1" 101.38 | 5.58 (d, 7.00) - H-2"
2" 76.88 | 3.22 (m) - H-1"
3" 7469 |3.23(m) - -
4" 70.34 | 3.09 (m) - -
5" 77.96 | 3.11(m) - -
6" 61.29 |3.29 (m) - -
3-OCH3 |56.11 |3.84(3H,5s) - -
5-OH - 12.60 (1H, s) - -

Figure 4-8 The main HMBC correlations of SS6-1
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Figure 4-9 COSY correlations of SS6-1

Table 4-15 The comparison of *H- and **C-NMR spectral data between SS6-1 and 3'-
O-methylquercetin 3-O-B-D-glucopyranoside

Position SS6-1 in DMSO-ds 3'-O-Methylquercetin 3-O-p-D-
(*H: 500 MHz; 3C: 125 MHz) glucopyranoside in DMSO-ds
(*H: 400 MHz; 3C: 100 MHz)
(Lee et al., 2005)
dc oH (ppm), dc (ppm) | &+ (Ppm),
(ppm) | Multiplicity, J (Hz) Multiplicity, J (Hz)
2 156.52 | - 156.4 -
3 13357 |- 133.0 -
4 177.75 | - 177.4 -
5 161.65 |- 161.2 -
6 99.48 6.18 (m) 98.7 6.20 (d, 2.00)
7 165.80 | - 164.3 -
8 94.31 6.40 (m) 93.7 6.44 (d, 2.00)
9 156.95 | - 156.3 -
10 104.07 | - 104.0 -
1 12156 | - 121.1 -
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Table 4-15 The comparison of *H- and **C-NMR spectral data between SS6-1 and 3'-

O-methylquercetin 3-O-B-D-glucopyranoside (continued)

Position SS6-1 in DMSO-ds 3'-O-Methylquercetin 3-O-g-D-
(*H: 500 MHz; 3C: 125 MHz) glucopyranoside in DMSO-ds
(*H: 400 MHz; 3C: 100 MHz)
(Lee et al., 2005)
dc oH (ppm), dc (ppm) | &H (ppm),
(ppm) | Multiplicity, J (Hz) Multiplicity, J (Hz)
2' 113.91 | 7.95(d, 2.10) 113.4 7.94 (d, 2.00)
3 147.34 | - 146.9 -
4 149.86 | - 149.4 -
5 115.66 | 6.91 (d, 8.50) 115.2 6.91 (d, 8.40)
6’ 122.44 | 7.48 (dd, 8.50, 2.10) 122.0 7.49 (dd, 8.40, 2.00)
1" 101.38 | 5.58 (d, 7.00) 100.8 5.57 (d, 7.40)
2" 76.88 3.03-3.23 (m) 74.3 Not report
3" 74.69 3.03-3.23 (m) 77.5 Not report
4" 70.34 3.03-3.23 (m) 69.8 Not report
5" 77.96 3.03-3.23 (m) 76.4 Not report
6" 61.29 3.03-3.23 (m) 60.6 Not report
3'-OCH3 | 56.11 3.84 (s) 55.7 3.83 (5)
5-OH - 12.60 (s) - 12.61 (s)
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[M — H — CeH1006] = 299 [M —H — CH20 — CsH100s] =285

Figure 4-10 The proposed fragmentation of SS6-1

SS6-2
Molecular formula SS6-2: C21H20011
ESI Mass (M-H) : 447.0938

The *H NMR spectrum of SS6-2 (500 MHz in DMSO-ds) was quite
similar pattern to *H-NMR of SS4-1 (as Table 4-16). Two doublet signals at 51 6.18
(1H, m) and 6.40 (1H, m) were determined as H-6 and H-8, respectively. The singlet
signal at on 12.60 also belongs to OH-5 of SS6-2. These indicated that SS6-2 also had
5,7-dihydroxy-substituted ring A of the flavonoid structure. The doublet signal with
two protons integration ratio (at 6+ 6.88) and doublet of doublet signal with two protons
integration ratio (at 6n 8.04) were assigned as four aromatic protons of ring B.

Moreover, the doublet signal with one proton integration ratio at 6n 5.45 (J = 7.5 Hz)
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was indicated as the anomeric proton of glucosyl unit. The signals (at dn 3.03-3.23 m))
belong to glucosyl hydrogen atoms.

The 3C NMR spectrum of SS6-2 (125 MHz in DMSO-ds) consisted of
nineteen carbon signals. These carbon signals also showed the characteristic of
flavonoid glycoside similar with SS6-1 (Table 4-16). The six oxygenated aromatic
carbons displayed at 6c 133.33, 156.50, 156.95, 160.42, 161.65 and 165.80. The carbon
signals at dc 99.48 and 94.31 were indicated as tertiary aromatic carbon of ring A, while
the signals at 6c 115.57 and 131.32 were assigned as tertiary aromatic carbon of
symmetric ring B. The two quaternary aromatic carbons were found at ¢ 104.07 and
121.38, while the carbonyl signal presented at 6c 177.69. These carbon signals (six
oxygenated aromatic carbon signals, six tertiary aromatic carbon signals, two
quaternary aromatic carbon signals and one carbonyl carbon signal) indicated to the
presence of flavonol aglycone unit. Moreover, the anomeric carbon signals at 6¢c 101.27
and five oxygenated carbons signals at 6c 61.03, 70.26, 74.80, 76.71 and 77.90 were
found. The structure was predicted as flavonol glycoside. The NMR signals of SS6-2
were confirmed the correlation by HMBC and COSY (Table 4-17 and Figure 4-11 to
4-12). The *H and *C spectra of SS6-2 were compared to chemical shifts from previous
report of kaempferol-3-O-glycoside in DMSO-ds (Moura et al., 2019) as showed in
Table 4-18. The HR-ESIMS data of SS6 was found [M-H] peak at m/z 447.0938
(Appendix 31) which indicated that the structure of SS6-2 (Figure 4-1) as kaempferol-

3-O-glycoside or astragalin.

Table 4-16 The comparison of 'H- and 3C-NMR spectral data between SS6-1 and SS6-2

Position SS6-1 in DMSO-ds SS6-2 in DMSO-ds
(*H: 500 MHz; 3C: 125 MHz) (*H: 500 MHz; *C: 125 MHz)
dc oH (ppm), éc (ppm) | 81 (ppm),
(ppm) Multiplicity, J (Hz) Multiplicity, J (Hz)
1 121.56 - 121.38 -
2' 113.91 7.95 (d, 2.10) 131.32 8.04 (dd, 8.50, 2.10)
3 14734 |- 115.57 6.88 (d, 8.50)
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Table 4-16 The comparison of *H- and C-NMR spectral data between SS6-1 and SS6-2

(continued)

Position SS6-1 in DMSO-ds SS6-2 in DMSO-ds
(*H : 500 MHz; *C: 125 MHz) (*H: 500 MHz; 13C: 125 MHz)

dc dH (ppm), dc (ppm) | &H (ppm),

(ppm) Multiplicity, J (Hz) Multiplicity, J (Hz)
4 149.86 - 160.42 -
5 115.66 6.91 (d, 8.50) 115.57 6.88 (d, 8.50)
6’ 122.44 7.48 (dd, 8.50, 2.10) 131.32 8.04 (dd, 8.50, 2.10)
3-OCHs3 |5.11 3.84 (s) - -

Table 4-17 The NMR spectral data of SS6-2

Position SS6-2 in DMSO-ds (*H: 500 MHz; *C: 125 MHz)
dc (ppm) | o+ (ppm), HMBC COSY
Multiplicity, J (Hz)
2 156.50 - H-2', HE' -
3 133.33 - - -
4 177.69 - - -
5 161.65 - 5-OH, H-6 -
6 99.48 6.18 (m) 5-OH, H-8 H-8
7 165.80 - H-8 -
8 94.31 6.40 (M) H-6 H-6
9 156.95 - H-8 -
10 104.07 - 5-OH, H-8, H-6 -
1 121.38 - H-3’, H-5 -
2' 131.32 8.04 (dd, 8.50, 2.10) | H-6 H-3’, H-5
3 115.57 6.88 (d, 8.50) H-2', HE'
4’ 160.42 - H-2’, HE6', H-3', H-% -
5 11557 | 6.88(d, 8.50) H-2', H6'
6’ 131.32 8.04 (dd, 8.50, 2.10) | H-2’ H-3', H-%
1 101.27 | 5.45(d, 7.50) - -
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Position SS6-2 in DMSO-ds (*H: 500 MHz; *C: 125 MHz)
oc (ppm) | on (ppm), HMBC COSsYy
Multiplicity, J (Hz)
2" 76.71 3.03-3.23 (m) - -
3" 74.80 3.03-3.23 (m) - -
4" 70.26 3.03-3.23 (m) - -
5" 77.90 3.03-3.23 (m) - -
6" 61.03 3.03-3.23 (m) - -
5-OH - 12.60 (5) C-5, C-6, C10 -

Figure 4-11 The main HMBC correlations of SS6-2




Figure 4-12 COSY correlations of SS6-2

Table 4-18 The comparison of *H- and 3C-NMR spectral data between SS6-2 and
kaempferol-3-O-glycoside
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Position SS6-2 in DMSO-ds Kaempferol 3-O-glycoside
(*H: 500 MHz; 13C: 125 MHz) in DMSO-ds
(*H: 400 MHz; 13C: 100 MHz)
(Moura et al., 2019)
dc oH (ppm), oc (ppm) | dH (ppm),
(ppm) Multiplicity, J (Hz) Multiplicity, J (Hz)
2 156.50 | - 156.5 -
3 13333 |- 133.3 -
4 177.69 - 177.5 -
5 161.65 |- 161.2 -
6 99.48 6.18 (m) 98.7 6.22 (d, 2 Hz)
7 165.80 |- 164.2 -
8 94.31 6.40 (m) 93.7 6.44 (d, 2 Hz)
9 156.95 |- 156.2 -
10 104.07 - 104.0 -
1 121.38 |- 120.9 -
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Table 4-18 The comparison of *H- and **C-NMR spectral data between SS6-2 and
kaempferol-3-O-glycoside (continued)

Position SS6-2 in DMSO-ds Kaempferol 3-O-glycoside
(*H: 500 MHz; 13C: 125 MHz) in DMSO-ds
(*H: 400 MHz; 3C: 100 MHz)
(Moura et al., 2019)

dc oH (ppm), oc (ppm) | 8K (ppm),

(ppm) Multiplicity, J (Hz) Multiplicity, J (Hz)
2' 131.32 | 8.04 (dd, 8.5, 2.1) 130.9 8.04 (d, 8.8 Hz)
3 11557 |6.88(d, 8.5) 115.2 6.89 (d, 8.8 Hz)
4 160.42 | - 160.0 -
5 11557 | 6.88 (d, 8.5 Hz) 115.2 6.89 (d, 8.8 Hz)
6’ 131.32 | 8.04(dd, 8.5, 2.1) 130.9 8.04 (d, 8.8 Hz)
1" 101.27 |5.45(d, 7.5) 100.8 5.47 (d, 7.3 Hz)
2" 76.71 3.03-3.23 (m) 74.3 3.18 (m)
3" 74.80 3.03-3.23 (m) 77.5 3.08 (m)
4" 70.26 3.03-3.23 (m) 69.9 3.08 (m)
5" 77.90 3.03-3.23 (m) 76.4 3.21 (m)
6" 61.03 3.03-3.23 (m) 60.9 3.32 (m) and 3.57 (m)
5-OH - 12.60 (s) - 12.65 (5)

4.2.2 The isolated compounds from N. racemosa stem
4.2.2.1 Structure determination of NR1
Molecular formula  : C10HgO4
NR1 (3.9 mg) was obtained as a yellow pale needles and dissolved in
chloroform. The UV spectrum in chloroform (Appendix 33) showed Amax at 341 nm.
The IR spectrum (Appendix 34) demonstrated maximum absorption band at 3460 cm?
(-OH), 1651 cm™ (C=0), 1218 cm (C-C), 772 cm™ (C=CH) and 669 cm™* (C=CH).
The 'H-NMR spectrum of NR1 (500 MHz in CDCls Appendix 35)
exhibited six proton signals with 61 3.94 (s), 6.17 (s), 6.25 (d, J = 9.5 Hz), 6.63 (s), 6.90
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(s), 7.58 (d, J = 9.5 Hz). The two doublet signals with one proton integration ratio and
J =9.5 Hz of coupling constant at on 6.25 and 7.58 were determined as olefinic protons
of H-3 and H-4, respectively. Two singlet signals with one proton integration ratio at
OH 6 6.63 and 6.90 belong to aromatic protons of H-6 and H-9, consequently. The
singlet signal with one proton integration ratio at 4 6.17 (OH-8) was assigned as the
signal of hydroxyl group. Moreover, singlet signals with three protons integration ratio
at on 3.94 (OCH3-7) were determined as signals of methoxyl proton.

The BC-NMR spectrum of NR1 (125 MHz in CDCls, Appendix 36)
showed ten carbon signals that were assigned as three oxygenated aromatic carbon
signals, two tertiary aromatic carbon signals, two olefinic methine signals, one
quaternary carbon signals, one carbonyl signal and one methoxyl signal. The chemical
shifts of three oxygenated aromatic carbon signals showed at 6c 143.96 (C-7),149.64
(C-8) and 150.23 (C-10). Two tertiary aromatic carbon signals were presented at dc
103.18 (C-9) and 107.44 (C-6), while two olefinic methine signals were found at 6¢c
113.42 (C-3) and 143.29 (C-4). The signal at 6c 111.48 (C-5) was indicated as
quaternary carbon. In addition, the carbon signals at dc 56.39 (OCHzs-7) and 161.43
(C-2) were assigned as one methoxy signal and cabonyl signal, respectively.

NMR spectral data of NR1 were showed in Table 4-19. The HMBC
were used to confirm the correlations of proton to carbon on NR1 structure (Figure 4-
13, Appendix 37). The NOESY experiment exhibited the correlation between the
methoxy proton of C-7 (OCHzs-7) and the proton of C-6 (H-6) which showed as Table
4-19, Figure 4-14 and Appendix 38. Therefore, NR1 (Figure 4-2) was indicated as 7-
hydroxy-6-methoxy-2H-benzopyran-2-one or scopoletin. The NMR data of NR1 were
compared with previous report (Siddiqui et al., 2007) as shown in Table 4-109.
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Table 4-19 The comparison of *H- and **C-NMR spectral data between NR1 and

scopoletin
Position NR1 in CDCls Scopoletin in CDCls
(*H: 500 MHz; 3C: 125 MHz) (*H: 400 MHz; 3C: 100 MHz)
(Siddiqui et al., 2007)
dc OH HMBC | NOESY oc oH HMBC
(ppm) | (Ppm), (ppm) | (ppm),
J (H2) J (Hz)
2 161.43 | - H-3, H-4 | - 1605 |- H-3
3 113.42 | 6.25 - - 1125 |6.26 H-4
(d; 9.5) (d; 9.4)
4 143.29 | 7.58 (d; | H-6 - 1420 | 7.58 H-3
9.5) (d; 9.4)
5 111.48 | - H-3,H-9 | - 110.5 - H-4, H-6
6 107.44 | 6.63 (s) | H-4 OCHas-7 | 1075 | 6.89(s)
7 143.96 | - H-9, - 1430 |- H-6,
OCHzs-7, OCHgsz-7
OH-8
8 149.64 | - H-6, - 1495 |- H-9
OH-8
9 103.18 | 6.90 (s) | OH-8 - 102.0 |6.82(s)
10 150.23 | - H-4, H-6 | - 1500 |- H-9
OCHas-7 | 56.39 | 3.94(s) - H-6 55.2 3.93 (s)
OH-8 - 6.17 (s) - - - -
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Figure 4-14 NOESY correlations of NR1

4.2.2.2 Structure determination of NR2
Molecular formula  : CoH100s

NR2 (1.9 mg) was obtained as an orange amorphous solid and dissolved
in methanol. The UV spectrum in methanol (Appendix 39) showed Amax at 289 nm.
The IR spectrum (Appendix 40) demonstrated bands at 3434 cm™ (-OH), 1640 cm™
(C=0), 1426 cm (C-0).

The *H-NMR spectrum of NR2 (500 MHz in DMSO-dgs, Appendix 41)
exhibited three singlet proton signals with 6w 3.78 (s), 7.19 (s), 9.07 (brs). First, the
singlet signal with six protons integration ratio at oy 6 3.78 was assigned as two
methoxyl proton signals of OCHs-3 and OCHz3-5. Second, the singlet signal with two
protons integration ratio at 61 7.19 was determined as aromatic protons of H-2 and H-
6. The last broad singlet signal with one proton integration ratio at dx 9.07 ppm belongs
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to the carboxylic proton, COOH-1. From 'H-NMR data, it indicated that the NR2
structure was the polysubstitued benzene. *H-NMR and *C-NMR data of NR2 in
DMSO-ds (Appendix 41 and Appendix 42) corresponding to previous report of
syringic acid (Phadungkit and Luanratana, 2006) as showed in Table 4-20. The HR-
ESIMS data of NR2 was found [M-H] peak at m/z 197.0456 (Appendix 43) which
indicated that the structure of NR2 (Figure 4-2) as 4-hydroxy-3,5-dimethoxybenzoic
acid or syringic acid.

Table 4-20 The comparison of *H-NMR spectral data between NR2 and syringic acid

Position NR2 in DMSO-ds Syringic acid in DMSO-de
(*H: 500 MHz; 13C: 125 MHz) (*H: 500 MHz; 13C: 125 MHz)
(Phadungkit and Luanratana, 2006)
oc (ppm) | 8+ (ppm), dc (ppm) 6H (ppm),

Multiplicity, Multiplicity,
J (Hz) J (Hz)

1 139.96 - 141.67 -

2 147.50 7.19 (s) 148.79 7.33(s)

3 107.03 - 108.24 -

4 121.67 - 121.87 -

6 147.50 7.19 (s) 148.79 7.33(s)

5 107.03 - 108.24 -

COOH-1 | 167.53 9.07 (br) 169.93 -

OCHs-3 |56.11 3.78 (s) 56.73 3.82(s)

OCHs-5 | 56.11 3.78 (s) 56.73 3.82 (s)

4.2.2.3 Structure determination of NR3
Molecular formula  : CeH1002

NR3 (1.4 mg) was obtained as a brown amorphous solid and dissolved
in chlorofrom. The UV spectrum in chlorofrom (Appendix 44) showed Amax at 290 nm.
The IR spectrum (Appendix 45) demonstrated bands at 2922 cm™ (-CHs), 1698-1595
cm? (C=C), 1457 cm* (-CHs), 1260-1220 cm™ (-OCHs), 1110 cm™ (-C-0), 874-800
cmt (=C-H).
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The *H-NMR spectrum of NR3 (500 MHz in CDCls, Appendix 46)
showed three singlet proton signals with on 1.20 (s), 3.80 (s), 5.80 (s). The first singlet
signal with six protons integration ratio at 61 1.20 belongs to two methyl proton signals
which were methyl of C-4 and methyl substitution on C-3 (CH3-3). The second singlet
signal with three protons integration ratio at 5+ 3.80 was determined as methoxy proton
signal which substituted at C-1 (OCHs-1). The third singlet signal with one proton
integration ratio at  5.80 ppm was identified as olefinic proton of C-2. *H-NMR data
of NR3 in CDCl3z were compared with previous report (Hagens et al., 1970) as Table
4-21.

The BC-NMR spectrum of NR3 (125 MHz in CDCls, Appendix 47)
showed six carbon signals (Table 4-21) that were determined as one quaternary carbon
signal (C-3), one olefinic methine signal (C-2), one cabonyl signal (C-1), one methoxyl
signal (OCHz-1) and two methyl signals (C-4 and CH3-3). The analysis of HMBC data
(Table 4-21, Figure 4-15 and Appendix 48) confirmed the structure of NR3 (Figure
4-2) as methyl 3-methyl-2-butenonoate.

Table 4-21 The comparison of NMR spectral data between NR3 and methyl 3-methyl-

2-butenonoate

Position NR3 in CDCls Methyl 3-methyl-2-
(*H: 500 MHz; 13C: 125 MHz) butenonoate in CCls4
(Hagens et al., 1970)
oc oH (ppm), HMBC oH (ppm),
(ppm) Multiplicity Multiplicity, J (Hz)
1 186.84 | - H-2 -
2 107.42 | 5.80(s) - 5.70 (septet; 1.5)
3 15730 |- H-2, OCHs-1 | -
4 29.69 1.20 (s) CHzs-3 2.15 (d; 1.5)
OCHs-1 | 56.48 3.80 (s) - 3.60 (s)
CHs-3 |29.35 1.20 (s) H-4 1.86 (d; 1.5)
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Figure 4-15 The main HMBC correlations of NR3

4.2.2.4 Structure determination of NR4
Molecular formula  : C1gH19NOg4

NR4 (1.8 mg) was obtained as a white amorphous solid and dissolved in
methanol. The UV spectrum in methanol (Appendix 49) showed Amax at 318 nm. The
IR spectrum (Appendix 50) demonstrated bands at 3434 cm™ (-OH), 1652 cm™(-C=0),
1542 cm™ (-NH) and 978 cm™® (-CH=CH).

The *H-NMR spectrum of NR4 (500 MHz in CDsOD, Appendix 51)
were found one methoxy proton signals as singlet at 64 3.87. The two trans protons (H-
2 and H-3) that conjugated to the carbonyl group were determined from the set of two
doublets at o4 6.39 and 7.42 (both J = 15.62 Hz), respectively. In addition, the two
doublet of doublet signals at 61 3.45 and 2.75 (both J = 7.08 and 7.56 Hz) were assigned
as methylene protons (H-1" and H-2") that conjugated to secondary amine and aromatic

parts, respectively. Other five proton signals at 61 6.72, 6.78, 7.01, 7.05 and 7.11 were

indicated as protons of two aromatic rings. One of these rings is para substituented
aromatic due to the same pattern of proton signals that are o1 6.72 (2H, dd; 9.27, 2.40)
and 7.05 (2H, dd; 9.27, 2.40). H-NMR data of NR4 in CDsOD were compared with
previous report (Jiang et al., 2017) as Table 4-22.

The BC-NMR spectrum of NR4 (125 MHz in CDs;OD, Appendix 52)
showed sixteen carbon signals that were indicated as eighteen carbons. The carbon
chemical shift at 6c 169.19 was assigned as the carbonyl carbon (C-1) while the carbon
at dc 56.42 was indicated as the methoxy cabon (OCHz-6). Two methylene carbon
signals of C-1' and C-2' showed at dc 42.53 and 35.81, respectively. Two olefinic
methine carbon signal were presented at dc, 118.79 (C-2) and 142.01 (C-3), while two
quaternary aromatic carbon signals were found at 6¢c 128.31 (C-4), 131.22 (C-3'). Three
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oxygenated aromatic carbons were observed at 6c 149.32 (C-6), 149.88 (C-7), 156.94
(C-6). The signals at 6c 111.63 (C-5), 116.42 (C-8), 123.22 (C-9) were assigned as
tertiary aromatic carbons of polysubstituted aromatic ring, while signals at 6c 130.72
(C-4 and C-8") and 116.28 (C-5" and C -7") were indicated as tertiary aromatic carbons
of para substituted aromatic ring.

Based on NMR data of NR4 was corresponding with the HR-ESIMS
data that showed [M+Na]* peak at m/z 336.1206 (Appendix 53) and the previous report
from Jiang and his colleagues (2017) (Table 4-22). The analysis of these data

confirmed the structure of NR4 (Figure 4-2) as trans-N-feruloyltyramine.

Table 4-22 The comparison of *H- and 3C-NMR spectral data between NR4 and trans-
N-feruloyltyramine in CDsOD

Position NR4 in CD3OD trans-N-feruloyltyramine
(*H: 500 MHz; 3C: 125 MHz) in CDsOD
(*H: 500 MHz; 13C: 125 MHz)
(Jiang et al., 2017)
dc (ppm) | 8H (ppm), dc (ppm) oH (ppm),
Multiplicity, Multiplicity,
J (Hz) J (Hz)
1 169.19 - 169.20 -
2 118.79 6.39 (d, 15.62) 118.78 6.40 (d,15.65)
3 142.01 7.42 (d, 15.62) 142.02 7.43 (d, 15.65)
4 128.31 - 128.29 -
5 111.63 7.11(d, 1.95) 111.61 7.11 (d, 1.85)
6 149.32 - 149.33 -
7 149.88 - 149.91 -
8 116.42 6.78 (d, 8.06) 116.50 6.80 (d, 8.15)
9 123.22 7.01 (dd, 1.95, 123.22 7.02 (dd, 8.20,
8.29) 1.90)
1 42.53 3.45 (dd, 7.08, 42.53 3.47 (t, 7.15)
7.56)
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Table 4-22 The comparison of *H- and **C-NMR spectral data between NR4 and trans-

N-feruloyltyramine in CD3OD (continued)

Position NR4 in DMSO-ds trans-N-feruloyltyramine
(*H: 500 MHz; 3C: 125 MHz) in CD30OD
(*H: 500 MHz; 3C: 125 MHz)
(Jiang et al., 2017)
dc (ppm) | 81 (ppm), dc (ppm) oH (ppm),

Multiplicity, Multiplicity,
J (H2) J (H2)

2' 35.81 2.75 (dd, 7.08, 35.81 2.76 (t, 7.25)
7.56)

3 131.33 - 131.33 -

4 130.72 7.05 (dd, 2.40, 130.73 7.05 (m)
9.27)

5 116.28 6.72 (dd, 2.40, 116.28 6.72 (m)
9.27)

6’ 156.94 - 156.94 -

7 116.28 6.72 (dd, 2.40, 116.28 6.72 (m)
9.27)

8’ 130.72 7.05 (dd, 2.40, 130.73 7.05 (m)
9.27)

OCH3-6 | 56.42 3.87 (s) 56.42 3.88 (s)

4.2.2.5 Structure determination of NR5

Molecular formula

: C17H17NOs3

NR5 (9.9 mg) was obtained as a white amorphous solid and dissolved in

methanol. The UV spectrum in methanol (Appendix 54) showed Amax at 295 nm. The

IR spectrum (Appendix 55) demonstrated maximum absorption band at 3434 cm™

(-OH), 1637 cm™}(-C=0), 1541 cm't (-NH) and 980 (-CH=CH-).

The *H-NMR spectrum of NR5 (500 MHz in CD3OD, Appendix 56 and
Table 4-23) was quite similar pattern to *H-NMR of NR4. The doublet signals at 5n
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6.38 and 7.44 were indicated as two trans protons of position 2 (H-2) and 3 (H-3),
respectively. The doublet of doublet signals at 6 3.45 and 2.75 were assigned as two
methylene protons of position 1’ (H-1") and 2’ (H-2’), consequently. Moreover, four
proton signals, 6n 6.70 (2H, dt; 8.5, 2.00), 6.78 (2H, dt; 8.5, 2.00), 7.05 (2H, dt; 8.5,
2.00) and 7.38 (2H, dt; 8.5, 2.00), were also assigned as protons on two para substituted
aromatic rings. *H-NMR data of NR5 was compared with previously reported data of
trans-N-coumaroyltyramine in CD3OD (Table 4-23).

The BC-NMR of NR5 (125 MHz in CDsOD, Appendix 57) showed
thirteen carbon signals that were indicated as seventeen carbons. The comparison of
13C-NMR data between NR5 and NR 4 was found the similar signals of one carbonyl
carbon (at d¢c 169.25 (C-1)), two methylene signals (at 6c 35.82 (C-2") and 42.53 (C-
1)), two olefinic methine carbon signals (at 6c 118.49 (C-2) and 141.76 (C-3)) and two
quaternary carbon signals (at 6c 127.77 (C-4) and 131.34 (C-3’)). Two oxygenated
aromatic carbons were observed at 6c 156.92 (C-6') and 160.50 (C-7). The four signals
(at ¢ 130.3 (C-5 and C-9), 116.72 (C-5" and C -7'), 116.28 (C-6 and C-8) and 130.72
(C-4' and C-8)) were assigned as eight tertiary aromatic carbons of two para
substituented rings. The difference in *C-NMR data between NR4 and NR5 were
indicated the difference amount of oxygenated aromatic carbons, tertiary aromatic
carbons and methoxy substitution. The structure of NR5 (Figure 4-2) was determined
as trans-N-coumaroyltyramine. *C-NMR data of NR5 in CDsOD were compared with
previous report as showed in Table 4-23 (Jiang et al., 2017). The HR-ESIMS data of
NR5 showed [M+Na]* peak at m/z 306.1101 (Appendix 58) which agreed with trans-

N-coumaroyltyramine mass.
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Table 4-23 The comparison of *H- and **C-NMR spectral data between NR5 and trans-

N-coumaroyltyramine in CD30D

Position NRS5 in CD3OD trans-N- coumaroyltyramine
(*H: 500 MHz; 3C: 125 MHz) in CD30OD
(*H: 500 MHz; 1*C: 125 MHz)
(Jiang et al., 2017)
dc (ppm) | &H (ppm) dc (ppm) oH (ppm)
1 169.25 - 169.2 -
2 118.49 6.38 (d, 15.86) 118.4 7.44 (d; 15.5)
3 141.76 7.44 (d, 15.86) 141.8 6.38 (d; 15.5)
4 127.77 - 127.7 -
5 130.53 7.38 (dt, 2.00, 8.50) | 130.5 7.41 (d; 8.4)
6 116.28 6.78 (dt, 2.00, 8.50) | 116.2 6.80 (d; 8.4)
7 160.50 - 160.5 -
8 116.28 6.78 (dt, 2.00, 8.50) | 116.2 6.80 (d; 8.4)
9 130.53 7.38 (dt, 2.00, 8.50) | 130.5 7.41 (d; 8.4)
1 42.53 3.45 (2H, dd, 7.07, 42.5 3.46 (t; 7.5)
7.57)
2' 35.82 2.75 (2H, dd, 7.08, [358 2.75 (t; 7.5)
7.56)
3 131.34 - 131.3 -
4 130.72 7.05 (dt, 2.00, 8.50) | 130.7 7.06 (d; 8.6)
5 116.72 6.70 (dt, 2.00, 8.50) | 116.7 6.73 (d; 8.6)
6’ 156.92 - 156.9 -
7' 116.72 6.70 (dt, 2.00, 8.50) | 116.7 6.73 (d; 8.6)
8 130.72 7.05 (dt, 2.00, 8.50) | 130.7 7.06 (d; 8.6)
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4.3 The biological activity on a-glucosidase inhibitory test

4.3.1 Mode of action of the extracts

The five selected extracts that showed the ICso of a-glucosidase
inhibition below 500 pg/ml were determined on mode of action (MoA). Three selected
extracts from S. stramonifolium inflorescence were SSEA (ICs0 =215.92 pg/ml), SSEO
(ICs0 = 221.67 pg/ml) and SSWT (ICso = 324.44 pg/ml), while two selected extracts
from N. racemosa stem were NREA (ICso = 191.44 pg/ml) and NREO (ICso = 39.65
ug/ml). The standard acarbose showed 1Cso = 241.40-245.95 ug/ml (Table 4-1 and
Table 4-2). The samples were evaluated their MoA by the double reciprocal
Lineweaver-Burk plot and were determined the inhibition constants (Ki) by secondary
plot.

From Lineweaver—Burk plots of SSWT (Figure 4-16) and NREA
(Figure 4-18), the values of both y-intercept and x-intercept were increased following
with the increasing of the extract concentration, while their slopes of the plots were
similar. This phenomenon indicated that SSWT and NREA were the uncompetitive
inhibitors. The uncompetitive manner is the inhibitor binding to the enzyme-substrates
(ES) complex that effect to maximal velocity (Vm) of the system. Moreover, the
inhibitor binding also effects to Michaelis constant (Km) because it changes substrate
and enzyme affinity. The values of both Vm and Km are decrease, when an
uncompetitive inhibitor concentrations of the system increase (Copeland, 2005). The
second plot of SSWT (Figure 4-17) and NREA (Figure 4-19) were presented the Ki’
values, inhibitor constant when inhibitor bound with ES, as 199.27 and 88.01 pg/ml,
respectively.

Lineweaver—Burk plots of SSEA (Figure 4-20), SSEO (Figure 4-21)
and NREO (Figure 4-22) presented the relation of the increasing of extract
concentration which effected to both intercept and slope. These plot manners indicated
that SSEA, SSEO and NREO were mixed type inhibitors. The mixed-type inhibition
was defined as the situation that two inhibitor molecules bind to different sites on the
enzyme (Copeland, 2005).

Lineweaver—Burk plots of acarbose standard (Figure 4-23) exhibited

the intercept value was constant but the slope and x-intercept values changed with
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different acarbose concentations. This situation of acarbose implied to competitive
inhibition manner. For competitive model, the inhibitor (I) competes with substrate to
bind exclusively to enzyme (E) for enzyme-inhibitor (ElI) forming. The high
concentration of inhibitor reduces ES complex forming, so the El complex forming
effects to Km value for substrate of the enzyme. However, the EI complex forming does
not alter Vm value of the system (Copeland, 2005; Waldrop, 2020). The secondary plot
of acarbose (Figure 4-24) showed the Ki value, the inhibition constant when inhibitor
bound with E, as 125.57 pg/ml. The summary inhibition kinetic information of the

selected extracts and acarbose were presented in Table 4-24.
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Figure 4-16 Lineweaver-Burk plot of S. stamonifolium water (SSWT) extract
(V = velocity; [S] = substrate concentration)
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Figure 4-17 The secondary plot of SSWT

(Vmax = maximum velocity)
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Figure 4-18 Lineweaver-Burk plot of N. racemosa ethyl acetate (NREA) extract

(V = velocity; [S] = substrate concentration)
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Figure 4-19 The secondary plot of NREA

(Vmax = maximum velocity)
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Figure 4-20 Lineweaver-Burk plot of S. stamonifolium ethyl acetate (SSEA) extract

(V = velocity; [S] = substrate concentration)
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Figure 4-21 Lineweaver-Burk plot of S. stamonifolium ethanol (SSEO) extract

(V = velocity; [S] = substrate concentration)
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Figure 4-22 Lineweaver-Burk plot of N. racemosa ethanol (NREO) extract

(V = velocity; [S] = substrate concentration)
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Figure 4-23 Lineweaver-Burk plot of acarbose
(V = velocity; [S] = substrate concentration)
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Figure 4-24 The secondary plot of acarbose
(Km = Michaelis constant; Vmax = maximum velocity)
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Table 4-24 Kinetic inhibition mode of S. stamonifolium inflorescence and N. racemosa

stem fractions to a-glucosidase enzyme

Source of extract Extracted Code Kinetic inhibition | Ki?or Ki’®
solvent name mode (ug/ml)
S. stamonifolium | Ethyl acetate | SSEA Mixed inhibition -
Ethanol SSEO Mixed inhibition -
Water SSWT Uncompetitive 199.27°
inhibition
N. racemosa Ethyl acetate | NREA Uncompetitive 88.01°
inhibition
Ethanol NREO Mixed inhibition -
Acarbose (Standard) Competitive 125.578
inhibition

& Inhibition constant when the inhibitor bound with free enzyme
b Inhibition constant when the inhibitor bound with enzyme-substrate complex

4.3.2 Combination test of the extracts

There have some evidences suggested that the combination of different
bioactive compounds might support the inhibitory effect over than those of individual
compound did (Wang et al., 2010; Jin et al., 2021). Moreover, some studies revealed
beneficial of the combination of acarbose standard with natural extract and compounds
(Akkarachiyasit et al., 2010; Adisakwattana et al., 2011; Sun et al., 2017). The current
study was designed to investigate the combined effects of acarbose and the natural
products. Since, the isolated compounds were less amount, there insufficient for further
study of the combination effect with standard drug, acarbose. S. stramonifolium the
crude extracts were selected for this study instead of isolated compounds. According
to the selected extract isolation, four extracts of S. stramonifolium and two extracts of
N. racemosa were also chosen for the combination study. The five different
concentrations of each extract covered their ICso were combined with the standard
acarbose at 250 pg/ml. The combination of acarbose and extract was non-constant

ratio. The plots of fraction affected (Fa) versus combination index (Cl) and the
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normalized isobolograms of combined between acarbose and extract were used for
investigation the combined effect on a-glucosidase.

The combination between acarbose 250 pg/ml and hexane extracts of S.
stramonifolium (SSHX) were shown the inhibition and CI as showed in Table 4-25.
The combined doses inhibited the a-glucosidase in range 47.08 - 53.68 % inhibition,
while the CI values showed over 0.90. According to Table 3-4, the combination of
acarbose and SSHX at 1000 and 2000 pg/ml were appointed as nearly additive effect
(0.9-1.10), while the combination of acarbose and SSHX at 250, 500 and 4000 pg/ml
had slight to moderate antagonism effect (1.10-1.45). The Fs-Cl plot (Figure 4-25)
showed the F. value of the combination nearly 0.5. This figured out that the
combinations were about 50 % inhibition. The normalized isobologram of combined
acarbose 250 pg/ml and SSHX were observed as Figure 4-26. The actual combination
points of acarbose and SSHX at 1000, 2000 and 4000 pg/ml were presented the ratio of
median effect dose between acarbose and combined drug (A) over 0.8, while were
showed the ratio of median effect dose between SSHX and combined drug (B) below
0.4. This imply that the inhibition may result from the standard acarbose more than
SSHX.

Table 4-25 The a-glucosidase inhibition and combination index (Cl) of acarbose and

SSHX
Name SSHX (pg/ml)
Concentration (pg/ml) 250 500 1000 2000 4000
% inhibition | 0.15 4.13 9.76 13.03 | 38.44
62.5 25.94 ]
Not determined
Acarbose 125 40.85
(Standard) 250 46.79 47.08 46.07 52.68 53.68 53.09
(1.24)* | (1.33)* | (0.98)* | (1.01)* | (1.21)*
500 65.12 _
Not determined
1000 74.36

* Combination index (CI) of acarbose 250 pg/ml combined with SSHX
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Figure 4-25 Fraction affected (Fz) versus combination index (CI) plot of acarbose
250 pg/ml and SSHX
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Figure 4-26 Isobolograms of acarbose 250 pg/ml and SSHX combination
(A = The ratio of median effect dose between acarbose and combined
drug; B = the ratio of median effect dose between SSHX and combined

drug)
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The combination between acarbose 250 ug/ml and ethyl acetate extracts
of S. stramonifolium (SSEA) were presented the inhibition and CI as showed in Table
4-26. The combined doses exhibited the increasing inhibition compared to the single
drug. The CI values of acarbose and SSEA at 125, 250, 500 and 1000 pg/ml were
indicated as moderate synergism effect (ClI 0.7-0.85), while the CI value of acarbose
and SSEA at 62.5 pug/ml was appointed as nearly additive effect (0.90-1.10). The Fa-Cl
plot (Figure 4-27) presented the F, value of the combination above 0.5. The normalized
isobologram of combined acarbose 250 pg/ml and SSEA were observed as Figure 4-
28. The increasing dose of SSEA resulted to the actual combination points changing.
When SSEA doses increased, the ratio values of median effect dose between SSEA and
combined drug (B) were increased. This was implied that the increasing concentrations
of SSEA resulted to the increasing ability of the acarbose to the a-glucosidase

inhibition.

Table 4-26 The a-glucosidase inhibition and combination index (Cl) of acarbose and

SSEA
Name SSEA (ug/ml)
Concentration (png/ml) 62.5 125 250 500 1000
% inhibition | 20.51 48.47 53.75 68.15 81.54
62.5 25.94
Not determined
Acarbose 125 40.85
(Standard) 250 46.79 54.09 | 63.68 | 70.01 | 79.09 | 86.10
(1.09)* | (0.83)* | (0.83)* | (0.77)* | (0.80)*
500 65.12 _
Not determined
1000 74.36

* Combination index (CI) of acarbose 250 pg/ml combined with SSEA
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Figure 4-27 Fraction affected (Fa) versus combination index (Cl) plot of acarbose
250 pg/ml and SSEA
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Figure 4-28 Isobolograms of acarbose 250 pg/ml and SSEA combination
(A = The ratio of median effect dose between acarbose and combined
drug; B = the ratio of median effect dose between SSEA and combined

drug)
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The result of combination between acarbose 250 pg/ml and ethanol
extract of S. stramonifolium (SSEO) were summarized in Table 4-27. All combined
inhibitions were better than single drug inhibition. The CI values of the combined drugs
showed lower than 1 indicated the synergistic effect of the combination. The interested
fraction was the combination of acarbose 250 ug/ml and SSEO 1000 pg/ml. It was the
strong synergism effect (Cl = 0.19; 82.46% > 46.79%), according to synergistic
description level (Table 3-4). The CI-F, plot (Figure 4-29) showed the F, value of the
combination above 0.5. The isobolograms of combined acarbose 250 pg/ml and SSEO
were presented as Figure 4-30. The plots of median effect ratio of acarbose 250 pg/ml
and SSEO were range from 62.5 to 250 pg/ml which showed the direct changing from
increasing of SSEO concentrations. On the other hand, the median effect ratio plots of
acarbose and SSEO 500 and 1000 pg/ml were decreased. This was implied that the
exhibited inhibition of combined acarbose with SSEO 500 and 1000 pg/ml were
resulted from synergism effect. This indicated that high concentrations of SSEO could

support the enzyme inhibition of acarbose.

Table 4-27 The a-glucosidase inhibition and combination index (Cl) of acarbose and

SSEO
Name SSEO (pg/ml)
Concentration (ng/ml) 62.5 125 250 500 1000
% inhibition | 29.03 | 39.69 | 48.31 | 66.99 | 76.59
62.5 25.94 _
Not determined
Acarbose 125 40.85
(Standard) 250 46.79 57.15 | 6194 | 65.75 | 77.89 | 82.46
(0.90)* | (0.85)* | (0.92)* | (0.63)* | (0.19)*
500 65.12
Not determined
1000 74.36

* Combination index (CI) of acarbose 250 pg/ml combined with SSEO
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Figure 4-29 Fraction affected (Fa) versus combination index (Cl) plot of acarbose

250 pg/ml and SSEO
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Figure 4-30 Isobolograms of acarbose 250 pg/ml and SSEO combination
(A = The ratio of median effect dose between acarbose and combined
drug; B = the ratio of median effect dose between SSEO and combined

drug)
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The combination between acarbose 250 pg/ml and water extract of S.
stramonifolium (SSWT) were summarized in Table 4-28. The inhibition of combined
drug showed higher than single drug inhibition. The CI values of SSWT 250 pg/ml and
500 pg/ml were 0.88 and 0.79, respectively. From CI values, they were consequently
categorized as slight synergism and moderate synergism. The CI values of SSWT 125
ug/ml and 1000 ug/ml were in the range of 0.90-1.10 which were indicated as nearly
additive. Besides of this, the CI value of SSWT 62.5 ng/ml was 1.23 which were
appointed as moderate antagonism. The CI-F, plot (Figure 4-31) showed four Fa values
above 0.5, while have only one Fa value below 0.5. The isobolograms of combined
acarbose 250 pg/ml and SSWT were observed as Figure 4-32. The plots of median
effect ratio were increased due to the increasing dose of SSWT. However, isobolograms
showed that at only two concentrations of SSWT, 250 and 500 pg/ml, showed
synergistic effect. This was implied that the concentration of SSWT which suitable
supported the a-glucosidase inhibition of the acarbose were in the range of 250 - 500

pg/ml.

Table 4-28 The a-glucosidase inhibition and combination index (CI) of acarbose and

SSWT
Name SSWT (pg/ml)
Concentration (ng/ml) 62.5 125 250 500 1000
% inhibition 3.31 22.18 | 39.97 | 6053 | 76.70
62.5 25.94 _
Not determined
Acarbose 125 40.85
(Standard) 250 46.79 4946 | 56.68 | 65.19 | 77.25 | 82.96
(1.23)* | (1.00)* | (0.88)* | (0.79)* | (1.06)*
500 65.12
Not determined
1000 74.36

* Combination index (CI) of acarbose 250 pg/ml combined with SSWT
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Figure 4-31 Fraction affected (Fa) versus combination index (Cl) plot of acarbose
250 pg/ml and SSWT
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Figure 4-32 Isobolograms of SSWT and acarbose combination
(A = The ratio of median effect dose between acarbose and combined
drug; B = the ratio of median effect dose between SSWT and combined

drug)
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The combination between acarbose 250 pg/ml and ethyl acetate extract
of N. racemosa (NREA) were presented the inhibition and CI as showed in Table 4-
29. All combined inhibitions were better than single drug inhibition with CI values
lower than 0.8. From the CI categorized (Table 3-4), the combination of NREA 125,
250 and 500 pg/ml were categorized into synergism (0.30-0.70), while the combination
of NREA 31.25 and 62.5 pug/ml were classified as moderate synergism (0.70-0.85). The
CI-Fa plot (Figure 4-33) presented the Fa value of the combination above 0.5. The
isobolograms of combined acarbose 250 pg/ml and NREA (Figure 4-34) were
observed that the increasing dose of NREA exhibited to increase the median effect ratio
plots. This was implied that the higher concentration of NREA supported the a-
glucosidase inhibition of the acarbose more than the lower concentration of NREA.

Table 4-29 The a-glucosidase inhibition and combination index (CI) of acarbose and

NREA
Name NREA (png/ml)
Concentration (pg/ml) 31.25 62.5 125 250 500
% inhibition | 19.15 | 31.40 | 48.81 | 66.57 | 80.18
62.5 23.84 _
Not determined
Acarbose 125 40.01
(Standard) 250 47.10 60.18 | 64.14 | 74.19 | 80.58 | 87.24
(0.74)* | (0.74)* | (0.60)* | (0.64)* | (0.68)*
500 64.96 _
Not determined
1000 73.18

* Combination index (CI) of acarbose 250 pg/ml combined with NREA
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Figure 4-33 Fraction affected (Fz) versus combination index (CI) plot of acarbose
250 pg/ml and NREA
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Figure 4-34 Isobolograms of NREA and acarbose combination
(A = The ratio of median effect dose between acarbose and combined
drug; B = the ratio of median effect dose between NREA and combined

drug)
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The result of combination between acarbose 250 pg/ml and ethanol
extract of N. racemosa (NREO) were summarized in Table 4-30. All combined
inhibitions were better than single drug inhibition. From the CI categorized (Table 3-
4), the CI value of NREO 125 pg/ml (CI = 0.79) and 62.5 pg/ml (CI = 0. 85) were
appointed to moderate synergism (Cl = 0.70-0.85); the CI values of NREO 250 pg/ml
(CI =0.93) and 31.25 pg/ml (CI = 0.94) were categorized into nearly additive (CI =
0.90-1.10); and the CI value of NREO 500 pg/ml (CI = 1.16) were indicated as slight
anatagonism. The CI-F, plot (Figure 4-35) showed the Fa value of the combination
above 0.5. The isobolograms of combined acarbose 250 pg/ml and NREO (Figure 4-
36) were observed that the varying dose of NREO exhibited to the median effect ratio.
This result was implied that the increasing inhibitions resulted from increasing NREO

concentrations because the acarbose concentration was fixed.

Table 4-30 The a-glucosidase inhibition and combination index (CI) of acarbose and

NREO
Name NREO (pg/ml)
Concentration (ug/ml) | 31.25 62.5 125 250 500
% inhibition | 33.47 | 51.25 | 70.35 | 83.64 | 90.78
62.5 23.84 _
Not determined
Acarbose 125 40.01
(Standard) 250 47.10 60.00 | 69.50 | 80.71 | 87.63 | 92.40
(0.94)* | (0.85)* | (0.79)* | (0.93)* | (1.16)*
500 64.96
Not determined
1000 73.18

* Combination index (CI) of acarbose 250 pg/ml combined with NREO
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Figure 4-35 Fraction affected (Fa) versus combination index (CI) plot of acarbose
250 pg/ml and NREO

> Acarbose 230 pg'ml + NEEOQ 300 pg'ml

1 [ Acarbose 250 pg'ml+ NREQ 250 ng'ml
Acarbose 250 pg'ml+ NREQ 123 ugml

% Acarboze 250 pugml+ NREQ 4235 pgml
- <» Acarbose 230 pg'ml + NREO 3123 pg/ml

0ar

Figure 4-36 Isobolograms of NREO and acarbose combination
(A = The ratio of median effect dose between acarbose and combined
drug; B = the ratio of median effect dose between NREO and combined

drug)
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4.3.3 a- Glucosidase inhibitory activity and mode of action of the isolated
compounds

Whole of the isolated compounds from S. stramonifolium inflorescence
and N. racemosa stem were investigated their a-glucosidase inhibitory activity as
shown in Table 4-31 to 4-32. Since, the chemical compounds were isolated with small
amount. So, they were insufficient amount for further determined the ICso values.
However, the isolated compounds were observed their binding mode of action on a-
glucosidase enzyme by the double reciprocal Lineweaver-Burk plot and were evaluated
the inhibition constant (Ki) by secondary plot.

The a- glucosidase inhibitory activities of six compounds from S.
stramonifolium inflorescence were presented into two concentration categories, at 400
and 200 pg/ml, as shown in Table 4-31. The isolated compounds from S.
stramonifolium (SS1-SS6) were flavonoids or flavonoid-glycoside.  Their a-
glucosidase inhibitory activities were less than acarbose standard as shown in Table 4-
31. To investigate the ICso of flavonoid compounds, kaempferol and astragalin
standards were purchased and tested. However, flavonoid compounds had limited
solubility then they were tested under restricted conditions (Tungjai et al., 2008). The
tested condition had not exceeded 5% DMSO as co-solvent. The ICso values of
kaempferol and astragalin standards were predicted from the tested exponential
equations as 585.63 pg/ml and 40.07 mg/ml, respectively, as shown Table 4-32. The
Lineweaver-Burk plot of kaempferol (Figure 4-37) and astragalin (Figure 4-38)
displayed mixed-type inhibition. The standard acarbose exhibited Lineweaver-Burk
plot manner as competitive inhibition (Figure 4-39) and showed secondary plot with
Ki values as 110.48 uM (Figure 4-40). As mention in topic 4.3.1, the competitive
inhibition is the manner that the inhibitor scramble for enzyme-inhibitor (EI) complex
forming. The mixed-type inhibition is the inhibitory manner that two inhibitors can
bind to different parts of the enzyme. In addition, the non-competitive inhibition
exhibits binding to both free enzyme (E) and enzyme-substrate (ES) complex with
equivalent or un-equivalent affinity (Copeland, 2005). Two previous reports were
determined the inhibitory activity of kaempferol on a-glucosidase in different manners,

mixed-type inhibitor and non-competitive inhibitor (Peng et al., 2016; Sohretoglu et
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al., 2018). Moreover, the literature reported that astragalin was a non-competitive

inhibitor to a-glucosidase (Jin et al., 2021).

Table 4-31 Inhibitory activity of the isolated compounds from S. stamonifolium

inflorescence on a-glucosidase

Compounds % Inhibition £ SD
Code Name at 400 pg/ml | at 200 pg/ml
SS1 3, 4,5, 7-tetramethyl ether of myricetin 12.78+4.89 -
SS2 | Combretol 8.51+3.79 -
SS3 Kaempferol 13.01+2.69 -
SS4 Kaempferol-7-O-f glucopyranoside 7.68+0.33 -
SS5 5-hydroxy-3, 7, 4', 5'-tetramethoxyflavone- - 0.84+0.21
3'-O-glucopyranoside
SS6 Mixture of Isorhamnetin-3-O- 1.99+5.42 -
glucopyranoside and Astragalin
(Kaempferol-3-O —glucopyranoside)
Acarbose (Positive control) 60.78+3.61 | 45.27+4.45

Table 4-32 a-Glucosidase inhibitory activity of the selected compounds

Compounds 1Cs0 Inhibition Ki?
(Hg/ml) type (UM)
Kaempferol 585.63 Mixed -
Astragalin 40,066.98 Mixed -
Acarbose (Positive control) 191.12 Competitive 110.48

& Inhibition constant
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@ Kaempferol 21.84 uM
A Kaempferol 10.92 uM
® No inhibitor
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Figure 4-37 Lineweaver-Burk plot of kaempferol

(V = velocity; [S] = substrate concentration)

m Astragalin 278.77 uM

@ Astragalin 139.38 uM
A Astragalin 69.69 uM
® No inhibitor
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Figure 4-38 Lineweaver-Burk plot of astragalin
(V = velocity; [S] = substrate concentration)
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Figure 4-39 Lineweaver-Burk plot of acarbose
(V = velocity; [S] = substrate concentration)

10

-200 0 200 400 600 800

-2 Acarbose (uM)

Figure 4-40 The secondary plot of acarbose
(Km = Michaelis constant; Vmax = maximum velocity)
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To determined a-glucosidase inhibition of isolated compounds from N.
racemosa stem, the ICso values were presented inhibitory ability of the compounds as
showed in Table 4-33. Three isolated compounds that were NR1 (ICsp = 110.97
pg/ml), NR4 (ICsp = 29.87 pg/ml) and NR5 (ICso = 0.92 pg/ml) showed stronger o-
glucosidase inhibition than the acarbose standard (ICsp = 272.72 ug/ml). For further
explore the inhibition types of these compound, the double-reciprocal plots were
displayed. The Lineweaver-Burk plot of NR1 (Figure 4-41) exhibited mixed-type
inhibition, while the plots of NR4 (Figure 4-42) and NR5 (Figure 4-44) displayed the
uncompetitive inhibition. The secondary plot with Ki’ values of NR4 (Figure 4-43)
and NR5 (Figure 4-45) were indicated as 51.81 and 1.99 uM, respectively. The
positive control, acarbose, showed the double reciprocal plot as the typical of
competitive inhibition (Figure 4-46) and the Ki values from the secondary plot as
264.46 uM (Figure 4-47). However, the previous study indicated that NR1 was
competitive inhibitor (Wu et al., 2009). Some literature reports suggested that NR4
and NR5 were uncompetitive inhibitor, while some study claimed that they were non-
competitive inhibitor (Liu et al., 2011; Song et al., 2016; Panidthananon et al., 2018).
The different kinetic analysis of the enzymatic inhibition may result from different
condition of the assays. Promyos and his colleagues (2017) also suggested that many
assay factors such as enzyme concentration, substrate concentration, buffer
concentration, reaction temperature, wavelength of absorbance, sensitivity of
spectrophotometer, reaction time and solvent may be caused of different binding
detection.
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Table 4-33 a-Glucosidase inhibitory activity of isolated compounds from N. racemosa

stem
Compounds ICso Inhibition KiP or Ki’®
Code Name (ug/ml) type (UM)
NR1 | Scopoletin 110.97 | Mixed -
NR2 | Syringic acid >500 | N.T2 -
NR3 | Methyl 3-methyl-2-butenonate | >500 | N.T.2 -
NR4 | trans-N-feruloyltyramine 29.87 Uncompetitive | 51.81°
NR5 | trans-N-coumaroyltyramine 0.92 Uncompetitive | 1.99¢
Acarbose (Positive control) 272.72 | Competitive 264.46"

& Not tested
b Inhibition constant when inhibitor bound with free enzyme
¢ Inhibition constant when inhibitor bound with enzyme-substrate complex

m NR1676.52 M
© NR1520.40 pM
A NR1364.28pM

® No inhibitor

Figure 4-41 Lineweaver-Burk plot of NR1

1/V(min/mM)

(V = velocity; [S] = substrate concentration)

8
1/[S] (mM-)
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Figure 4-42 Lineweaver-Burk plot of NR4

(V = velocity; [S] = substrate concentration)
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Figure 4-43 The secondary plot of NR4

(Vmax = maximum velocity)
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Figure 4-44 Lineweaver-Burk plot of NR5

(V = velocity; [S] = substrate concentration)
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Figure 4-45 The secondary plot of NR5

(Vmax = maximum velocity)
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Figure 4-46 Lineweaver-Burk plot of acarbose

(V = velocity; [S] = substrate concentration)
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Figure 4-47 The secondary plot of acarbose

(Km = Michaelis constant; Vmax = maximum velocity)
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4.3.4 Combination test of the selected compounds

In addition, the study was conducted to evaluate the combination effect
of acarbose with pure compounds, kaempferol and kaempferol-3-O-glucopyranoside
(astragalin), on inhibition of a-glucosidase. Due to the limited solubility of the
compounds, five different concentrations diluted from maximum solubility of each
compounds were combined with the standard acarbose at 250 pg/ml. The dose-effect
curves of non-constant ratio and the plots of fraction affected (Fa) versus combination
index (CI) between acarbose and compounds were used for investigate the combined
effect on a-glucosidase.

The a-glucosidase inhibition of combination between acarbose 250
ug/ml and and CI values were showed in Table 4-34. All combined inhibitions were
better than single kaempferol inhibition but less than the inhibition of acarbose at 250
ug/ml. The CI values showed over 1.21. Refer to the CI categorized in Table 3-4, the
CI values of kaempferol’s combination at 0.391-3.125 pg/ml were classified into
moderate antagonism (Cl = 1.20-1.45), while the combination of the compound at 6.250
ug/ml showed antagonism effect (Cl = 1.45-3.30). The Fa-Cl plot (Figure 4-48)
showed the Fa value of the combination of nearly 0.5. However, the results figured out

that the tested kaempferol decreased the inhibition of the standard acarbose.

Table 4-34 The a-glucosidase inhibition and combination index (Cl) of acarbose and

kaempferol
Name Kaempferol (pug/ml)
Concentration (ug/ml) | 0.391 | 0.781 | 1.563 | 3.125 | 6.250
% inhibition | 4.49 6.30 | 15.18 | 15.98 | 21.47
62.5 29.16 _
Not determined
Acarbose 125 41.23
(Standard) | 250 59.29 49.38 | 49.56 | 51.56 | 48.63 | 42.88
(1.36)* | (1.35)* | (1.21)* | (1.42)* | (1.93)*
500 67.66 _
Not determined
1000 75.90

* Combination index (CI) of acarbose 250 pg/ml combined with kaempferol
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Figure 4-48 Fraction affected (Fa) versus combination index (Cl) plot of acarbose

250 pg/ml and kaempferol

The result of a-glucosidase inhibition of combination between acarbose
250 pg/ml and standard astragalin (one composition of the mixture compound SS6) and
Cl values were shown in Table 4-35. The a-glucosidase was inhibited with the
combined doses in the range of 39.97 - 48.44 % inhibition. All combined inhibitions
were better than single astragalin inhibition, however they were less than the inhibition
of acarbose at 250 pg/ml. Interestingly, when the astragalin concentration of
combination increased, the percentage of inhibition decreased. This differed from the
single astragalin inhibition. The percentage of inhibition increased when the
concentration of the single astragalin increased. The results implied that astragalin may
overshadow the binding effect of acarbose to a-glucosidase. The CI values of the
combination showed above 1.00. According to Table 3-4, the combination of astragalin
at 7.813 pg/ml exhibited moderate antagonism effect (Cl = 1.20-1.45), while the
combination of the compound at 15.625-125 pg/ml were classified into antagonism (Cl
=1.45-3.30). The Fa-Cl plot (Figure 4-49) showed only two points of CI below 2 that
these Fa values were nearly 0.5.
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Table 4-35 The a-glucosidase inhibition and combination index (CI) of acarbose and

astragalin
Name Astragalin (ug/ml)
Concentration (ug/ml) 7.813 | 15.625 | 31.25 | 62.50 125
% inhibition | 1.72 6.92 1354 | 1391 | 17.27
62.5 31.26 _
Not determined
Acarbose 125 45.57
(Standard) 250 58.26 48.44 | 47.21 | 43.21 | 42.78 | 39.97
(1.40)* | (1.56)* | (2.19)* | (2.35)* | (3.13)*
500 63.25 _
Not determined
1000 64.11

* Combination index (CI) of acarbose 250 pg/ml combine with astragalin

Cl

05
Fa

Figure 4-49 Fraction affected (Fa) versus combination index (CI) plot of acarbose

250 pg/ml and astragalin
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4.4 Computer molecular docking of compounds

Due to the limitation solubility of some isolated compound and to obtain
more information about the a-glucosidase inhibition of the isolated compounds, the
computer docking experiment was used as a tool to provide the molecular
understanding of the interaction between isolated compounds and enzyme. The isolated
flavonoid compounds from S. stamonifolium inflorescence and the isolated aromatic
compounds from N. racemosa stem were separated docking. Two docking programs,
Autodock4 and Autodock Vina, were used to evaluate binding energies. Because of,
each applied docking program used a different calculation approach (Boittier et al.,
2020).

4.4.1 The docking of the isolated flavonoid compounds from S. stamonifolium
inflorescence

The seven compounds from S. stramonifolium inflorescence were
divided into three sub-groups that are myricetin derivatives (SS1, SS2 and SS5),
kaempferol derivatives (SS3, SS4 and SS6-2) and others (SS6-1). The grid box for
these compounds were set a size as 16 A x 16 A x 16 A. To validate the protocol, the
RMSD between the native and the redocked glucose was 0.936 A (Appendix 59). The
docking results (Figure 4-50) showed that all isolated flavonoid molecules laid on the
same site. They were blocking the substrate from entering the active site. Furthermore,
the molecular interactions (as hydrogen bond, Pi-cation, Pi-anion, Pi-Pi and
unfavorable interaction) between isolated flavonoid sub-groups and amino acid
residues in the active site of a-glucosidase were presented in Figure 4-51 to 4-53.
Noticeably, at least five amino acid residues such as TYR158, GLU277, ARG315,
ASP352, ARG442 were highly conserved in molecular interaction of seven flavonoids,
as shown in Table 4-36. GLU277 and ASP352 were defined as the catalytic domain
of a-glucosidase. TYR158 and ARG315 were indicated as the non-catalytic domain,
while ARG442 was reported as stabilizer domain of the enzyme (Yamamoto et al.,
2010; Phoopha et al., 2020). Besides this, some residues were distinctively conserved
in a specific sub-group. TYR72 was only conserved among the kaempferol derivatives
(SS4 and SS6-2), while PHE178, HIS280 and TYR316 were conserved among
myricetin derivatives (SS1, SS2 and SS5).
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Figure 4-50 3D Diagram of all isolated flavonoid molecules from S. stamonifolium

docked at the entrance of the active site of a-glucosidase
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Figure 4-51 Diagrams of molecular interactions of myricetin derivatives (SS1, SS2 and
SS5).
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Figure 4-52 Diagrams of molecular interactions of kaempferol derivatives (SS3, SS4
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Figure 4-53 Diagrams of molecular interactions of SS6-1.
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Table 4-36 Molecular interactions between the isolated compounds and amino acid

residues from a-glucosidase

Compounds
No | Residues Myricetin Kaemferol Other Consensus
derivatives derivatives
SS1 | SS2 | SS5 | SS3 | SS4 | SS6-2 | SS6-1

1 ASP69 - - - - - - 1
2 TYR72 - - - - v v - 2
3 HIS112 4 4 - - - - 3
4 | TYR158 | Vv v v v - v v 6
5 PHE159 - - v - - - 1
6 |PHE178 | v | v | v - - - - 3
7 ASP215 v - 4 - 4 - v 4
8 | VAL216 - - v - - - v 2
9 | GLU277 v = v v = v v 5
10 | GLN279 - - - - - v v 2
11 | HIS280 - v v - - - - 2
12 | PHE303 - - - - - v v 2
13 | THR306 - - v - - - - 1
14 | ASP307 - v - - - - - 1
15 | ARG315 | Vv v v v v v v 7
16 | TYR316 - v v - - - - 2
17 | TYR347 - - v - - - 2
18 | ASN350 - - v - - v 3
19 HI1S351 - - - - v - - 1
20 | ASP352 v v v v - v v 6
21 | GLN353 - - - - - 2
22 | GLU411 - - - - v - - 1
23 | ASN415 - - v - - - - 1
24 | ARG442 | Vv 4 v - v v 6
25 | ARG446 - - - - v - - 1
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Table 4-36 Molecular interactions between the isolated compounds and amino acid

residues from a-glucosidase (continued).

Compounds
_ Myricetin Kaemferol Other
No | Residues o o Consensus
derivatives derivatives
SS1 | SS2 | SS5 | SS3 | SS4 | SS6-2 | SS6-1
Total 8 9 16 5 8 11 10

Gray highlight indicated the conserved residues in all sub-groups, while bold indicated
the conserved residues in a particular sub-group.

The rescored binding energy from Autodock4.2.6 evaluated more
energetic parameter than Autodock Vina. The docking results as Table 4-37 showed a
contradiction in the obtained binding energies from two program. The contradictory
result of two program may occur from different calculations (such as scoring function
and searching algorithm) of each applied docking program (Boittier et al., 2020).
Therefore, the comparison of docking result and the experimental data was essential as
Table 4-38. The % inhibition of isolated myricetin derivatives (SS1 and SS2) at 400
ug/ml to a-glucosidase agreed with molecular docking results from Autodock Vina. It
disagreed with the result of binding energy from Autodock4.2.6. Unfortunately, a
glycosylated compound (SS5) isolation got less yield. The experimental of SS5 was
tested only % inhibition at 200 pg/ml to the enzyme. However, both of docking
programs agreed together that a glycosylated compound exhibited the looser binding
because it showed higher affinity energy than non-glycosylated compound (SS2). The
structure-activity relationships (SARs) on the flavonoid structure was mentioned from
the previous reports that the glycosylation at C-3 position of ring C decrease the
inhibitory activity to a-glucosidase (Proenca et al., 2017; Sohretoglu et. al., 2018;
Sohretoglu et al., 2020). Interestingly, the numerous higher energy levels fom Van der
Waals (vdW) and hydrogen bonding (Hbond) of SS5 as 51.35 Kcal/mol (showed in
Table 4-37) contributed to higher estimate binding energy which resulted to less
potency of enzyme inhibition.

The % inhibition of isolated kaempferol derivatives (SS3 and SS4) at
400 pg/ml to a-glucosidase agreed with molecular docking results from both


https://pubmed.ncbi.nlm.nih.gov/?term=%C5%9E%C3%B6hreto%C4%9Flu+D&cauthor_id=29778797
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%9E%C3%B6hreto%C4%9Flu+D&cauthor_id=29778797
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Autodock4.2.6 and Autodock Vina as Table 4-37. Due to SS6 is the mixture
compound, the docking results were valuable information for explanation of compound
interactions to the enzyme. SS4 and SS6-2 are glycosylated compounds which have
the similar aglycone part with SS3. Both of them are different each other from
glycosylated position. Similar trend with SS5, SS6-2 which have the glycosylation at
C-3 position demonstrated a greater of vdW and Hbond energies than SS3. In contrast,
SS4 which have the glycosylation at C-7 position exhibited a smaller of vdW and
Hbond energies than SS3. Moreover, SS6-1 which have the glycosylation at C-3
position of ring C and methoxy substitution at C-3' position of ring B showed a smaller
vdW and Hbond energies than SS6-2. The previous studies of flavonoids SAR reported
that O-glycosylation at C-3 and C-7 and O-methylation at C-3' of flavonoid structure
decreased the a-glucosidase inhibitory activity (Xiao et. al., 2015; Sohretoglu et al.,
2020; Proenca et al., 2021). Finally, desolvation and torsion-free energies were slightly
higher from the glycosylated compounds (SS4, SS5, SS6-1 and SS6-2). These mean

that substitutions on flavonoid structure affected their a-glucosidase interactions.


https://pubmed.ncbi.nlm.nih.gov/?term=%C5%9E%C3%B6hreto%C4%9Flu+D&cauthor_id=29778797

Table 4-37 Obtained binding energy of the isolated flavonoid compounds from Autodock 4.2.6 compared to Autodock Vina

Autodock
Autodock 4.2.6 ]
Vina
Total Estimate
Total
Compound Elec. Desol. Intermol. Tors. Free | Unbound's | Free Energy o
vdW+Hbond Internal o Affinity
Energy Energy Interact. Energy Energy of Binding
@ Energy (Kcal/mol)
(2) 3) Energy ) (6) (7) (Kcal/mol)
(4; 1+2+3) (4+5+6-7)
Myricetin derivatives
SS1 -7.49 0.06 5.53 -1.90 -2.05 2.09 0.00 -1.86 -6.6
SS2 -10.43 0.47 551 -4.46 -1.16 2.09 0.00 -3.53 -6.0
SS5 51.35 0.86 9.30 61.50 -1.60 3.88 0.00 63.78 0.0
Kaempferol derivatives
SS3 -7.99 0.26 4.22 -3.50 -1.01 1.49 0.00 -3.02 -5.9
SS4 -9.62 -0.10 7.91 -1.80 -2.77 3.28 0.00 -1.29 -4.6
SS6-2 47.06 0.29 7.62 54.97 -2.78 3.28 0.00 55.47 -4.2
Other
SS6-1 -12.98 0.23 8.34 -4.41 -2.07 3.58 0.00 -2.90 -6.3

vdW+Hbonding = Van der Waals + Hydrogen bonding, Elec. Energy = Electrostatic energy, Desol. Energy = Desolvation energy,

Total Intermol. Interact. Energy = Total Intermolecule Interaction energy, Tors. Free energy = Torsion free energy

cel
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Table 4-38 Molecular docking energy and inhibitory activity of the isolated flavonoid

compounds to a-glucosidase

Molecular docking
Autodock 4.2.6 Autodock Vina % Inhibition £
Compounds o o
Energy of binding Affinity SD at 400 pg/ml
(Kcal/mol) (Kcal/mol)
Myricetin derivatives
SS1 -1.86 -6.6 12.78+4.89
SS2 -3.53 -6.0 8.51+3.79
SS5 63.78 0.0 0.84+0.21*
Kaempferol derivatives
SS3 -3.02 -5.9 13.01+2.69
SS4 -1.29 -4.6 7.68+0.33
SS6-2 55.47 -4.2
1.9945.42
SS6-1 (other) -2.90 -6.3

*% Inhibition + SD at 200 pg/ml

4.4.2 The docking of the isolated aromatic compounds from N. racemosa stem
The four isolated aromatic compounds from N. racemosa that are NR1,
NR2, NR4 and NR5 were investigated the protein-ligand binding through in silico
docking study. The grid box for these compounds used a size of 17 A x 17 A x 17 A.
The RMSD between the native and the redocked glucose was 0.969 A (Appendix 60).
The docking results (Figure 4-54) showed that these compounds laid on the entrance
area of active site, while the glucose molecular was in the pocket. The present study
agreed with the previous reports which suggested that these compounds bond to the a-
glucosidase (Song et al., 2016; Mahomoodally et al., 2018; Mahnashi et al., 2022).
The docking result showed that NR1 bound at the entrance area of
enzyme active site (Figure 4-54B, yellow structure) and had the interaction with
Glucose 601 at pocket site (Table 4-39). The distances between NR1 and glucose601
was 3.41 A. This manner was consistent with the competitive inhibition that prevented
the substrate entrance to the enzyme active site. However, the docking experiment

focused only around interested area. The compound might bind to the enzyme more
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than one site because the kinetic prediction of NR1, as mention above, was the mixed-
type manner (Copeland, 2005). Moreover, the molecular docking presented that NR2
binding may prohibit the substrate entering the active site or prevented product leaving
(Figure 4-54B, pink structure). NR2 showed the interaction with TYR158, the amino
acid of non-catalytic domain, at distance 2.05 A and with glucose601 at distance 1.36,
3.14 and 4.21 A (Table 4-39).

Figure 4-54 Molecular docking between the a-glucosidase and the isolated compounds

of N. racemosa

A) The position of the best interaction between the a-glucosidase and the
isolated compounds from N. racemosa

B) The expanded picture at the active site of a-glucosidase. The dashed
circle in yellow color was the entrance gate to the active site. The red
arrow was used to emphasis the entrance gate. Red structure was
glucose. Yellow structure was NR1. Pink structure was NR2. Blue
structure was NR4. Orange structure was NR5.
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Table 4-39 Binding interaction of the isolated aromatic compounds from N. racemosa

and a-glucosidase (AG)

C?irgfr:gx- Number (s) of interaction Interaction sites Distances (A)
NR1-AG 1 Glucose601 341
NR2-AG 4 TYR158 2.05
Glucose601 1.36
3.14
4.21
NR4-AG 4 ARG315 4.60
ASN415 4.18
Glucose601 3.21
4.33
NR5-AG 4 ARG315 4.64
ASN415 4.28
Glucose601 2.88
4.14

NR4 and NR5 were the two tyramine-derived amides which docking
result presented in Figure 4-54 as blue and orange structure, respectively. They aligned
at the exit part of a-glucosidase which would prohibit the release of the product from
the enzyme. These finding agreed with the suggested mechanism of the uncompetitive
inhibitor manner which would rather prevent the product releasing than blocked the
substrate from entering the active site (Song et al., 2016). Both NR4 and NR5 presented
the interaction with ARG315, ASN415 and Glucose601. Their distances were also
showed as Table 4-39. Moreover, structural activity relationship (SAR) of NR4 and
NR5 were suggested that the hydroxyl group of A ring and o-f3 unsaturated carbonyl
group played an important role in the interaction between these compounds and a-
glucosidase (Song et al., 2016). The previous reports exhibited that methoxyl
substitution at position C-6 of ring A significantly effected to reduce the inhibitory
activity to a-glucosidase (Liu et al., 2011; Panidthananon et al., 2018). To describe the
effect of methoxyl substitution, the molecular docking evaluated the best poses of NR4
and NR5 as Figure 4-55A. The results indicated that the methoxyl substitution at C-6
could rotate ring A around 60 degree (Figure 4-55B) and turned o-f unsaturated

carbonyl group approximately 160 degree (Figure 4-55C). Even though the
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geometrical structures of both compounds were different, but these were less impact to
the distance between these compounds and the enzyme residues (Table 4-39). These

evidences have been used for explain why NR4 showed the less potency than NRS.

160 degree

Figure 4-55 The molecular docking of a-glucosidase with NR4 and NR5
A) The comparison between the docked conformations of NR4 (blue
structure) and NRS (orange structure) at the entrance gate of a-
glucosidase active site.
B) The docked conformation alteration of ring A.
C) The docked conformation alteration of a-f unsaturated carbonyl group.
The red dashed lines indicated the X and Y-axis, while the black

arrows indicated the changing of the position in the chemical structure.

The rescored binding energy from Autodock4.2.6 accorded with
Autodock Vina. NR2 which exhibited the least in vitro inhibitory activity showed the
highest binding energy from in silico study (Table 4-40). From the experimental study,
NR4 had less potent inhibitory activity than NR5. NR4 should be have the binding
predicted score over than NR5. In contrast, the molecular predicted results from both
docking programs were showing that NR4 had lower binding energy than NR5 (Table
4-40). Hence, each binding energy values had reconsidered as showed in Table 4-41.
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The desolvation and torsion free energies of NR4 were 2.60 and 2.39 Kcal/mol,
respectively, which higher than the values of NR5 (Table 4-41). These two parameters
were less favorable for enzyme inhibition. Therefore, they might be used to explain
why NR4 showed a lower activity than NRS.

Table 4-40 Molecular docking energy and inhibitory activity of the isolated aromatic

compounds from N. racemosa to a-glucosidase

Molecular docking
Compounds Autodock 4.2.6 Autodock Vina I1Cso
Energy of binding Affinity (nM)
(Kcal/mol) (Kcal/mol)
NR1 -4.62 -6.3 577.46
NR2 -1.07 -5.7 > 2,523.09
NR4 -5.42 -7.5 95.34
NR5 -5.15 -7.0 3.25




Table 4-41 Binding energy of the isolated aromatic compounds from N. racemosa

Autodock
Autodock 4.2.6 _
Vina
Estimate
Total
Total Free
Compound Elec. Desol. Intermol. Tors. Free | Unbound's .
vdW+Hbond Internal Energy of Affinity
Energy Energy Interact. Energy Energy o
1) Energy Binding | (Kcal/mol)
(2) ©) Energy (6) (7)
(5) (Kcal/mol)
(4; 1+2+3)
(4+5+6-7)
NR1 -6.34 0.01 1.80 -4.53 -0.69 0.60 0 -4.62 -6.3
NR2 -6.67 1.70 3.00 -1.98 -0.58 1.49 0 -1.07 -5.7
NR4 -9.27 0.30 2.60 -6.36 -1.45 2.39 0 -5.42 -7.5
NR5 -8.22 0.29 2.05 -5.88 -1.36 2.09 0 -5.15 -7.0

vdW+Hbonding = Van der Waals + Hydrogen bonding, Elec. Energy = Electrostatic energy, Desol. Energy = Desolvation energy,

Total Intermol. Interact. Energy = Total Intermolecule Interaction energy, Tors. Free energy = Torsion free energy

8T
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CHAPTER 5

CONCLUSION

This work has done on the phytochemical investigation of two selected
plants from order Solanales which were Solanum stramonifolium and Neuropeltis
racemosa. Based on preliminary a-glucosidase inhibitory screening, the methanol
extracts of S. stramonifolium inflorescence and N. racemosa stem exhibited higher
inhibitory activity than acarbose standard. Four solvents (lowest to highest polarity)
were sequential used for plant material extraction. All extractions were tested the
power of enzyme inhibition. The highest powerful on a-glucosidase inhibition of both
material extracts was the ethanol extract, while the second was the ethyl acetate extract.
By the bioactive guided fractionation, the ethanol and the ethyl acetate extracts of S.
stramonifolium and the ethanol extract of N. racemosa were selected to further chemical
investigation. The isolated compounds from the top two powerful extracts of S.
stramonifolium were less amount and they have not been reported on the chemical
compounds from S. stramonifolium inflorescence before.

The biological activities on a-glucosidase inhibition of the extracts were
evaluated as the percent of inhibition, the half-maximal inhibitory concentration (ICso),
the mode of action and the combination test with one concentration of standard acarbose
at 250 pg/ml. The SSEA and NREO extracts exhibited the highest inhibitory activity
among S. stramonifolium and N. racemosa extracts, respectively. The SSEA, SSEO
and NREO extracts showed mixed-type inhibition, while the SSWT and NREA extracts
presented uncompetitive inhibition. The combination index (CI) between the selected
extracts and acarbose standard implied that SSEA, SSEO, SSWT, NREA and NREO
extracts supported the ability of acarbose to a-glucosidase inhibition.

From the bioassay guided fractionation, ten compounds and one mixture
compound were isolated. Briefly, the extracts were separated by classical column
chromatographic techniques and the purified compounds were analyzed by
spectroscopic techniques such as UV-Vis, FTIR, HRMS, and NMR (*H-NMR, C-
NMR, HMQC, HMBC, NOESY). The obtained compounds from S. stramonifolium



140

were flavonoid derivatives as 3, 4, 5', 7-tetramethyl ether of myricetin (SS1), combretol
(SS2), kaempferol (SS3), kaempferol-7-O-B-glucopyranoside (SS4), 5-hydroxy-3, 7,
4', 5'-tetramethoxyflavone-3'-O-glucopyranoside (SS5), and the mixture (SS6) of
isorhamnetin-3-O-glucopyranoside (SS6-1) and kaempferol-3-O-glucopyranoside
(SS6-2). As literature survey, the flavonoid glycoside, SS5 has not been reported. SS5,
NMR data of flavonoid skeleton was compared with SS1, while the sugar substitution
at C-3' was compared with the previous reported data of 3'-O-B-D-(4"-O-
methylglucopyranosylo)-5, 7, 4', 5'-tetramethoxyflavone. Furthermore, the isolated
compounds from N. racemosa were scopoletin (NR1), syringic acid (NR2), methyl 3-
methyl-2-butenonoate  (NR3), trans-N-feruloyltyramine (NR4) and trans-N-
coumaroyltyramine (NRS).

SS1-SS6 were low-yield isolated. Their yields were only enough for the
percent of a-glucosidase inhibition test. All of them showed less activity than the
standard acarbose. So, the purchased kaempferol and astragalin standard were used as
the representatives to the mechanism of action analysis. Both of them exhibited mixed-
type inhibition, while the acarbose showed competitive inhibition. The CI values
indicated that kaempferol and astragalin decreased acarbose’s activity when they were
combined with standard acarbose.

NR1-NR5 were also estimated their potential of o-glucosidase
inhibition. The I1Cso of NR1 (110.97 pg/ml), NR4 (29.87 pug/ml) and NR5 (0.92 pg/ml)
exhibited stronger than acarbose (272.72 pg/ml), while NR2 and NR3 showed the lower
activity with 1Csp >500 pg/ml. So, NR1, NR4 and NR5 were chosen for mode of action
analysis. NR1 performed the mixed-type inhibition, while two tyramine-derived amides
(NR4 and NR5) presented uncompetitive inhibition.

The docking study was used to provide the better understanding about
the interaction between compounds and targeted protein. Seven flavonoid structures
including SS1, SS2, SS3, SS4, SS5, SS6-1 and SS6-2 from S. stramonifolium and four
aromatic compounds as NR1, NR2, NR4 and NR5 from N. racemosa were graphically
computed by molecular study. The docking study demonstrated that these compounds
may inhibit the reaction by blocking substrate entering to the active site or prevention
of the product releasing. Beside of the total energy, each binding energy values such as

Van der Wals, hydrogen bonding, desolvation and torsion free energies should be
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analyzed. These were useful for explaination of the docking results when compared
with the laboratory data.

Based on the results, these findings justify the values of Thai vegetable,
S. stramonifolium, and traditional Thai medicinal plant, N. racemosa. They can be the
resourses of lead antidiabetic compounds. This is the first report of S. stramonifolium
inflorescence and N. racemosa stem on the phytochemical investigation, in vitro a-
glucosidase inhibitory activity, the combination effect with acarbose standard and the
mode of action to a-glucosidase inhibition. Moreover, in silico study provided the
useful information for the obtained compounds. Additional studies such as in vivo

study should be investigated to verify the potential of isolated compounds.
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Appendix 28 3C NMR of SS6 (125 MHz in DMSO-ds)
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Appendix 32 Quasi-molecular ion fragments of HRESI-Mass spectrum of SS6-1
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Appendix 37 HMBC of NR1 (500 MHz in CDCls)
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Appendix 38 NOESY of NR1 (500 MHz in CDCls3)
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Appendix 41 *H NMR of NR2 (500 MHz in DMSO-ds)
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Appendix 51 H NMR of NR4 (500 MHz in CDsOD)
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Appendix 59 A) The overlay structures between the native glucose molecule (brown
color) and the redock glucose molecule (blue color) at the active site
of the a-glucosidase

B) The expanded picture of two ligands, the native glucose molecule
(brown color) and the redock glucose molecule (blue color), RMSD
=0.936 A.
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Appendix 60 A) The overlay structures between the native glucose molecule (brown
color) and the redock glucose molecule (blue color) at the active site
of the a-glucosidase

B) The expanded picture of two ligands, the native glucose molecule
(brown color) and the redock glucose molecule (blue color), RMSD
=0.969 A.
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