BIOASSAY-GUIDED ISOLATION AND IDENTIFICATION
OF BIOACTIVE COMPOUNDS FROM
LEONURUS JAPONICUS HOUTT.
EXTRACT

TRIRATH SUKTHAWEE

MASTER OF SCIENCE
IN
APPIED CHEMISTRY

SCHOOL OF SCIENCE
MAE FAH LUANG UNIVERSITY

2022
©COPYRIGHT BY MAE FAH LUANG UNIVERSITY



BIOASSAY-GUIDED ISOLATION AND IDENTIFICATION
OF BIOACTIVE COMPOUNDS FROM
LEONURUS JAPONICUS HOUTT.
EXTRACT

TRIRATH SUKTHAWEE

THIS THESIS IS APARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN
APPLIED CHEMISTRY

SCHOOL OF SCIENCE
MAE FAH LUANG UNIVERSITY

2022
©COPYRIGHT BY MAE FAH LUANG UNIVERSITY



BIOASSAY-GUIDED ISOLATION AND IDENTIFICATION
OF BIOACTIVE COMPOUNDS FROM
LEONURUS JAPONICUS HOUTT.
EXTRACT

TRIRATH SUKTHAWEE

THIS THESIS HAS BEEN APPROVED
TO BE A PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF MASTER OF SCIENCE
IN
APPLIED CHEMISTRY
2022

EXAMINATION COMMITTEE/LW\/

(Asst. Prof. Cholpisut Tantapakul, Ph. D.)

Thasakorn.

(Assoc. Prof. Surat La yokhieo, Ph.D.)
?

4

(Kanchana Watla-iad, Ph. D.)

©COPYRIGHT BY MAE FAH LUANG UNIVERSITY



ACKNOWLEDGEMENTS

| would like to sincerely thank my advisor, Dr. Tharakorn Maneerat, Assoc.
Prof. Dr. Surat Laphookhieo, and Asst. Prof. Dr. Rawiwan Charoensup for their
unwavering support of my master’s degree study and research. Their patience,
motivation, encouragement, support, and detailed knowledge were invaluable to me

throughout the entire research and thesis-writing process.

Additionally, I would like to thank Mae Fah Luang University for its support of
the scholarship. | wish to thank Prof. Dr. Lean-Teik NG for allowing me to work in his
laboratory for three months and for sharing his wealth of knowledge. Moreover, | would
like to thank Medicinal Plant Innovation Center (MPIC) and Technological Instruments
Center (STIC) of Mae Fah Luang University, for their support in the analysis and testing
of the samples, as well as all of his lab's staff for their countless hours of assistance and

support during my studies.

Finally, 1 would like to thank you from the bottom of my heart to my parents
for their financial support, never-ending love and inspiration, which gave my life
meaning and happiness. Moreover, | would like to thank our members in MPIC for their
support and cheer me up when I'm disappointed and sad. Together with those whose

names are not mentioned here for all their support throughout this research.

Trirath Sukthawee

(3)



Thesis Title Bioassay-Guided Isolation and Identification of Bioactive

Compounds from Leonurus japonicus Houtt. Extract

Author Trirath Sukthawee

Degree Master of Science (Applied Chemistry)
Advisor Tharakorn Maneerat, Ph. D.
Co-Advisor Assoc. Prof. Surat Laphookhieo, Ph. D.

Asst. Prof. Rawiwan Charoensup, Ph. D.

ABSTRACT

Leonurus japonicus (L. japonicus) is widely used in folk medicine to treat
diabetes, menstrual irregularities, and bronchitis. This study evaluated the o-
glucosidase inhibitory and anti-inflammatory activity of the crude extract, semipurified
fractions, and isolated compounds from the areal of L. japonicus, through bioassay-
guided testing. The crude extract was obtained with an ethanolic extract and then
partitioned with ethyl acetate. Bioassay-guided fractionation of an EtOAc-soluble
extract of arial of L. japonicas led to the isolation of six known compounds (T-1 to T-
6). Their structures were elucidated based on data analysis, including *H NMR data,
LC-QTOF-MS, ECD, UV, and FT-IR. Compounds T-1 to T-6 exhibited a-glucosidase
inhibitory and anti-inflammatory activity in range 1Cso values at 143.9 - 598.4 uM and
66.9 - 285.8 uM, respectively, when compared with the positive control.
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CHAPTER 1

INTRODUCTION

1.1 Overview of the Publication

Leonurus japonicus (L. japonicus) is widely used in folk medicine to
treat diabetes, menstrual irregularities, and bronchitis. This study evaluated the
a-glucosidase inhibitory and anti-inflammatory activity of the crude extract, semi-
purified fractions, and isolated compounds from the aerial parts of L. japonicus through
bioassay-guided isolation. The crude ethanolic extract was partitioned with ethyl
acetate. Bioassay-guided fractionation of an EtOAc-soluble extract led to the isolation
of six known compounds (1-6). Their structures were elucidated based on data analysis,
including *H NMR data, LC-QTOF-MS, ECD, UV, and FT-IR. Compounds 1-6
exhibited a-glucosidase inhibitory and anti-inflammatory activities in range 1Cso values
at 143.9 - 598.4 uM and 66.9 - 285.8 uM, respectively, when compared with the positive

control.

1.2 Botanical Description and Literature Reviews

1.2.1 Leonurus japonicus

Leonurus japonicus or Chinese Motherwort is an herbaceous plant belonging to
the Lamiaceae family. The character of the stem is an upright square along with fine
hair. The plant grows to a height of 30 to 120 cm and 5 mm in diameter. The flowers
are inflorescences, and the calyx shape is tubular-campanulate to long, 6-8 mm at the
ends of branches or leaf prongs.

Distribution: The L. japonicus is a native plant to several regions, including
Cambodia, Japan, Korea, Laos, Malaysia, Myanmar, Thailand, and Vietnam, as well as
in some countries of Africa, North America, and South America.



Phenological periods: July through October is the growing season, and June
through September is the blooming season. When it blooms, the plant will be died
(Shang et al., 2014).

1.2.2 Constituents from L. japonicus

L. japonicus is well known to be a rich source of alkaloids, diterpenes, flavones,
spirocyclic nortriterpenoids, phenylethanoid glycosides, and sesquiterpene glycosides
(Shang et al., 2014). The information from the SciFinder scholar database reveals
several types of compounds as presented in the plants of the Lamiaceae genus, as
summarized in Table 1.1.

Alkaloids, diterpenes, flavones, spirocyclic nortriterpenoids, phenylethanoid
glycosides, sesquiterpene glycosides, essential oils, and other chemicals are abundant
in the L. japonicus (Shang et al., 2014). For a long time ago, the aerial parts of L.
japonicus have been commonly used in Chinese herbal medicine for regulating
menstrual disturbance, dysmenorrhea, amenorrhea, blood stasis, and postpartum
bleeding, as well as activating blood circulation, diuretics, and dispelling edema. In
promoting blood circulation and removing blood stasis. L. japonicus shows
extraordinary clinical effects. According to literature reviews, L. japonicus has a
pharmacological impact on the uterine smooth muscle, antibacterial activity,
coagulant activity, cytotoxicity, angiogenic activity, and aggregative antiplatelet
activity (Miao et al., 2019).

Ri R: Rs Ru Ry Rz Rs R4
Prehispanolone(1) H H O O Hispanolone (2) H H H H
Preleoheterin (3) O O OH H Galeopsin (5) H H H OAc

Figure 1.1 Structure of compounds (1-5)



Leoheterin (4)

Figure 1.1 (continued)

In 1993, Hon et al. isolated five known diterpenes (1-5) from L. japonicus.
Compound 1 demonstrated cytoprotective properties against glutamate-induced
toxicity in rat cortical cells grown in primary culture (Table 1.1). Compound 2,
employing live macrophage (mo) triggered by LPS in an iNOS inhibitory test, revealed
a NO generation effect (Table 1.2). Furthermore, The anti-inflammatory effects of
compounds 4 and 5 were demonstrated by their ability to inhibit the proinflammatory
cytokines tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and monocyte
chemotactic protein-1 (MCP-1) (Table 1.3) and the cytotoxicity activity was
demonstrated against five human cell lines, including the mouse mononuclear
macrophage leukemia cell line, the human hepatoma cell line (HepG2), three lung
adenocarcinoma cell lines (NCI-H1975, PC9, and XLA-07), and RAW264.7 (Table
1.4) (Moon et al., 2010; Nieto-Mendoza et al., 2005; Xiao et al., 2017).

Table 1.1 Cytoprotective effects against glutamate-induced toxicity in primary cultured

rat cortical cells of compound 1

Cell viability®® (%)

Compound 0.1 puM 1pM 10 M
1 14.2+ 0.3 11.3+0.2 9.35+0.2
Control°® - 100 -
Glutamate-treated®? - 0 -
APV¢ 115+14 265+ 2.3 425+ 3.7

MK-80' 514+4.6 63.5+5.8 78.4+2.0




Table 1.1 (continued)

Cell viability®® (%)
0.1 uM 1uM 10 pM
CNQX* 23.5+£3.7 44835 53.2+4.6
Note ? Rat cortical cell cultures were incubated with test compounds for 1 hr. The

Compound

cultures were then exposed to 100 uM glutamate for 24 hr. After the incubation,
the cultures were assessed for the extent of neuronal damage.

b Cell viability was calculated as 100 x (LDH released from glutamate-treated-
LDH released from glutamate + test compound-treated) / (LDH released from
glutamate-treated-LDH released from control). The values shown are the mean
+ STD of three experiments (3-4 cultures per experiment). Results differ
significantly from the glutamate-treated: * p < 0.05, ** p < 0.01, *** p < 0.001.

¢ LDH released from control and glutamate-treated cultures were 11.7 + 1.3 and
47.9 + 4.0 units/mL, respectively.

d Glutamate-treated value differed significantly from the untreated control at p <
0.001.

¢ APV, DL-2-amino-5-phosphonovaleric acid, a competitive NMDA receptor
antagonist.

fMK-801, dizocilpine maleate, a noncompetitive NMDA receptor.

9 CNQX, 6-cyano-7-nitroquinoxaline-2,3-dione, non-NMDA receptor antagonist.

Table 1.2 NO production effect in the iNOS inhibitory test using live macrophage (mo)
activated by LPS compound 2

Compound Concentrations (nM)  Production of NO2 ~ (uM) = SEM
2 10 83.20+2.0"®
31 71.51+0.6"®
100 52.63+2.1"®
Aminoguanidin 10 97.82+4.2"®
31 80.01+9.4"@
100 66.16 + 3.5" @

Note " p < 0.05; (% Cellular viability)
2 Means 95-100% of the cells lived after the test



Table 1.3 Anti-inflammatory activity of compounds 4 and 5 on TNF-a, IL-6 and
MCP-1) production

ICso Values (UM)?
Compounds TNF-a IL-6 MCP-1
4 18.65 £ 0.43 > 40 > 40
) 17.01 £1.56 > 40 > 40
Dexamethasone (x10°%)° 1.17+£0.18 9.42 +0.75 2.91£0.23

Note ? Values of I1Cso are presented as mean + SD.

b Compound was used as a positive control.

Table 1.4 Cytotoxic activity of compounds 4 and 5

Compounds ICso Values (UM)?
H1975 XLA-07 PC9 HepG2
4 71.42 £5.37 67.08 + 3.50 > 80 >80
5 68.73 + 1.04 > 80 >80 > 80

Taxol (x10%)P 3.89 + 0.50 80.18 + 6.89 3.68+0.80 10.28+1.88
Note ? Values of I1Cso are presented as mean + SD.

b Compound was used as a positive control.

In 1994, Horstmann et al. discovered two new monoterpenoids (6-7) with six
known compounds (8-13) from L. japonicus. Compound 8 reported a wide range of
biological activities, including strong antifibrotic properties (on various fibrosis types)
by preventing the deposition of ECM (extracellular matrix) and lowering inflammatory
and oxidative stress through several molecular mechanisms (including TGF-B, ERS-
mediated apoptosis, MMPs/TIMPs, NF-kB, and JAK/STAT). Stachydrine exhibits
cardioprotective and vasoprotective characteristics due to its reduction of B-MHC,
excessive autophagy, SIRT1, eNOS uncoupling, and angiogenesis. In addition to its
effects on the uterus, it has anticancer and neuroprotective qualities. Effects of
compound 10 on antioxidative, anti-inflammatory, cancer-preventive, diabetes-
reversing, antibacterial, and neuroprotective processes have been established (Cheng et
al., 2020; Gullén et al., 2017).
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Figure 1.2 Structure of compounds (6-13)

In 1996, Morita et al. discovered three new cyclopeptides (14-16) from
the fruit of L. japonicus. Compounds 15 and 16 showed growth-inhibitory effects on
p-338 lymphocytic leukemia cells (ICso values of 6.0 and 3.7 pg/mL, respectively)
(Houshdar et al., 2021).
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&Compound 15 and 16 are isomers with R=0
Figure 1.3 Structure of compounds (14-16)

In 1997, Morita et al. discovered a new cyclopeptide (17) from fruits of

L. japonicus. Compound 17 demonstrated inhibition of cyclooxygenase activity.

ﬂﬁﬁﬁ

Cycloleonuripeptide D (17)

Figure 1.4 Structure of compound (17)

In 1998, Sugaya et al. discovered two new phenolic glycosides (18-19) and four
known compounds (20-23) from whole part of L. japonicus. Compounds 18-23 showed
more potent antioxidant properties than a-tocopherol and BHA. Compound 20 was
reported to be beneficial in reducing eosinophilic inflammation. Compound 21 has been

linked to several bioactivities, including antioxidant, anti-inflammatory,



hepatoprotective, allergic, antithrombotic, neuroprotective, osteogenic, anti-obesity,
antidiabetic, antimicrobial, antiprotozoal, anti-aging, anticholinesterase, and

antityrosinase (Rogerio et al., 2007; Grochowski et al., 2018).

HO
HOO&OWO OH
HO OMe
MeO OH HO()H e}
}Il{ooﬂoji;/ Ho. /Lo
HO OH  OMe OH

Leonuriside A (18) Leonuriside B (19)

OH /O OH
HOﬁo: ?
HO
OH _0

Leonuride (23)

R1 R2

Isoquercitrin (20) OH Glu
Tiliroside (21) H Glu (2°’-p-coum)

Isorhamnetin 3-O- OMe Rut

Rutinoside (22)

Figure 1.5 Structure of compounds (18-23)

In 2003, Yue et al. isolated two known compounds (24-25) from L. japonicus.
Compounds 25 demonstrated bio-activities such as antioxidative, anti-inflammation,
anti-apoptosis, and cardioprotective properties on cardiomyocytes damaged by hypoxia

and used pharmaceutically to treat uterine, neurological, and cardiovascular diseases.



MeO
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Figure 1.6 Structure of compounds (24-25)

In 2005, Giang et al. discovered eight new spiro-labdane diterpenoids (26-33)
along with four known compounds (34-37) from aerial parts of L. japonicus. Compound

26 showed cytotoxicity towards MCF-7 cells (Table 1.5) (Nguyen et al., 2021).

R3

Ry R Rs3 Rs
Leoheteronone A (26) H: ) OAc a-OMe
Leoheteronone B (27) H> @) H S-OH
15-Epileoheteronone B (28) H> @) H o-OH
Leopersin B (34) H> @) OAc £-OH
15-Epileopersin B (35) H> @) OAc o-OH
Leopersin C (36) @] S-OH, a-H H S-OH
15-Epileopersin C (37) @) S-OH, a-H H o-OH

Figure 1.7 Structure of compounds (26-37)
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R1 R,
Leoheteronone C (29) OAc a-OMe
Leoheteronone D (30) H S-OH
15-Epileoheteronone D (31) H a-OH
Leoheteronone E (32) OAc o-OH
15-Epileoheteronone E (33) OAc  «-OH

Figure 1.7 (continued)

Table 1.5 Cytotoxic activity against MCF-7 cells of compounds 26

Compounds 1Cs0 Values (UM)
MCF-7
26 197.0+£5.7
Camptothecin 0.014 = 0.002

In 2005, Giang et al. discovered five new labdane diterpenoids (38-42) and three
known compounds (43-45) from aerial parts of L. japonicus. Compounds 38, 39, and

43 showed a-glucosidase inhibitory activity (Table 1.6) (Nguyen et al., 2017).

Leoheteronins A (38) Leoheteronins B (39) Leoheteronins C (40)

Leoheteronins D (41)

Figure 1.8 Structure of compounds (38-45)
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N

Leoheteronins E (42) Hispanone (43)  Panolone (44) Genkwanin (45)

Figure 1.8 (continued)

Table 1.6 a-Glucosidase inhibitory activity of compounds 38, 39 and 43

Compounds I1Cs0 Values (UM)?
38 234.9
39 > 250.0
43 235.2
Acarhose” 2145+2.3

Note ? Values of I1Cso are presented as mean + SD.

b Compound was used as a positive control.

In 2006, Morita et al. discovered two new cyclic nonapeptides (46-47) from the

fruits of L japonicus. All compounds showed moderate vasorelaxant effects on rat aorta.
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OH
Cycloleonuripeptide E (46) Cycloleonuripeptide F (47)

Figure 1.9 Structure of compounds (46-47)

In 2006, Qu et al. isolated seven known compounds (48-54) from aerial
parts of L. japonicus. Compounds 48, 51, 52, 53, and 54 exhibited much higher
antioxidant capacity than the controls, a-tocopherol, and BHT (Table 1.7).
Compound 49-54 were reported bioactivities, including anti-microbial, anti-
inflammatory, anti-bacterial, anti-oxidant, anti-cancer, anti-diabetic, anti-hypertensive
properties, immunomodulatory, cardiovascular, anti-tumor and protection of the heart,
liver, and brain/CNS. (Kashyap et al., 2018; Bangar et al., 2022; Dabeek et al., 2019;
Taheri et al., 2020; Srinivasulu et al., 2018; Badhani et al., 2015).



R1
Luteolin (48) H
Apigenin (49) H

Kaempferol (50) OH
Quercetin (51) OH
Myricetin (52) OH

QrrrzxX

Rs
OH

OH
OH

OH

Syringic acid (53)

Table 1.7 Antioxidant activities of compounds 48-54

Figure 1.10 Structure of compounds (48-54)

13

HO
OH

HO
OH

Gallic acid (54)

Compounds I1Cso Values (pg/mL)?
48 12
49 57
50 39
51 16
52 13
53 11
54 9
a-tocopherol® 26
Acarbose® 30

Note 2 Values of ICsp are presented as mean.

b Compounds were used as a positive control.

In 2006, Romero-Gonzalez et al. isolated three known compounds (55-57) from

the leaves of L. japonicus. Compounds 55 and 57 showed cytoprotective effects against

glutamate-induced toxicity in primary cultured rat cortical cells (Table 1.8) (Moon et

al., 2010).
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Iso-preleoheterin (55) 13-Epi- preleoheterin (56) Leojaponin (57)

Figure 1.11 Structure of compounds (55-57)

Table 1.8 Cytoprotective effects against glutamate-induced toxicity in primary cultured

rat cortical cells of compounds 55 and 57

Cell viability®° (%)

Compounds 0.1 uM 1 uM 10 uM

55 46+0.8 7.2+05 13.2+0.4

57 10.3+0.4 28.3+0.4 68.9 + 0.4
Control® - 100 -
Glutamate-treated®d - 0 -

APVE 115+ 1.4 26.5+2.3 425+3.7

MK-801f 51.4+4.6 63.5+5.8 78420

CNQXJ? 23.5+3.7 448 +3.5 53.2+4.6

Note  Rat cortical cell cultures were incubated with test compounds for 1 hr. The
cultures were then exposed to 100 pM glutamate for 24 hr. After the incubation,
the cultures were assessed for the extent of neuronal damage.

b Cell viability was calculated as 100 x (LDH released from glutamate-treated-
LDH released from glutamate + test compound-treated) / (LDH released from
glutamate-treated-LDH released from control). The values shown are the mean
+ SD of three experiments (3-4 cultures per experiment). Results differ
significantly from the glutamate-treated: * p < 0.05, ** p < 0.01, *** p < 0.001.

¢ LDH released from control and glutamate-treated cultures were 11.7 + 1.3 and
47.9 + 4.0 units/mL, respectively.

d Glutamate-treated value differed significantly from the untreated control at p <

0.001.
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¢ APV, DL-2-amino-5-phosphonovaleric acid, a competitive NMDA receptor
antagonist.

TMK-801, dizocilpine maleate, a noncompetitive NMDA receptor.

9 APV, DL-2-amino-5-phosphonovaleric acid, a competitive NMDA receptor

antagonist.

In 2006, Cai et al. discovered new diterpenes (58) together with four known
compounds (59-62) from aerial parts of L. japonicus. Compound 58 demonstrated the
viability of cancer cells (human and mouse) and fibroblasts (Table 1.9) (Yue et al.,
2020).

“ OH

Heteronone B (58)

Rl Rz Rs R4 R5 RG
Wogonin (61) OH OH OMe H H H
5,7,3',4'5'-Pentamethoxy flavone (62) OMe OMe H OMe OMe OMe

Figure 1.12 Structure of compounds (58-62)
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Table 1.9 Effects of compound 58 on the cell viability of fibroblasts and cancer cells

Cell lines I1Cso0 Values (ug/mL)

Hs27 >500

MCF-7 97.5+£3.9

HT-29 2825+6.9

Panc-1 65.6 £ 2.4

HepG2 >500

DU145 128.8+3.3
A427 105.2 £ 3.7
LLC 140.5+ 3.8

In 2006, Cong et al. discovered a new compound (63) from aerial parts of

L. japonicus.

@)
OH O
O

OH

O (@)
AN
8 OH
AN

Heteronoside (63)

Figure 1.13 Structure of compound (63)

In 2009, Cong et al. isolated two known compounds (64-65) from the
L. japonicus. Compound 64 inhibited tumor necrosis factor-q, interleukin-6, and NO
production were all maximally at a rate of 32.31 + 2.8%, 41.31 + 3.1%, and 30.31 £
4.1%, respectively, by using 5 M hyperoside as a positive control (Kim et al., 2011).
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Hyperoside (64) Quercetin-3-O-robinoside (65)

Figure 1.14 Structure of compounds (64-65)

In 2010, Chang et al. isolated two new compounds (66-67) from

aerial parts of L. japonicus.

Quercetin-3-0-[(3-O-syringoyl-a-L-rhamnopyranosyl) -(1—6)-B-D-glucopyranoside] (66)

Figure 1.15 Structure of compounds (66-67)



18

(0] 0/
0
0
_0 HO%O
HO ol o~
0

1,6-O-Syringoyl-p-D-glucopyranose (67)
Figure 1.15 (continued)

In 2010, Seo et al. discovered a new diterpene (68) together with six known
compounds (69-74) from the aerial parts of L. japonicus. Compound 70 demonstrated
both antibacterial activity against Bacillus cereus (MIC = 0.5 pg/mL) and anti-oxidant
activity in the DPPH experiment (ICso = 6.3 X 10* umg/mL), respectively (Tables 1.10
and 1.11). Compound 71 was advantageous for diabetics at 20 uM. It showed a nearly
similar response to that of 10 nM of insulin on the level of adiponectin secretion. It
showed equal potential with 10 nM of insulin to increase the phosphorylation of insulin
receptor-f, in addition to their favorable impact on GLUT4 translocation. Compound
72 showed potent antiviral activity against HCMV and VZV with no discernible
cytotoxic side effects (Kumarasamy et al., 2006; Rao et al., 2011).

3a-Acetoxy-15-0O-methylleopersin C (68) Leosibirinone A (69)

Figure 1.16 Structure of compounds (68-74)



R1 Rz
Genkwanin (70) OH  OMe
Cosmosiin (71) OH OGlc

R1

Isoquercitrin (72) H
Nicotiflorin (73) Glc

R
Rha
Rha

19

Tiliroside (74)

Figure 1.16 (continued)

Table 1.10 Antioxidant activity of compound 70

Compound DPPH assay (ICsoin mg/mL)
70 6.3 x 10*
Quercetin 2.88 x 10
Table 1.11 Antibacterial activity of compound 70
. . MIC (ng/mL)
Bacterial strains Compound 70 Ciprofloxacin?
B. cereus 0.5 25x10°
C. freundii 25 2.5x10%
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Table 1.11 (continued)

) . MIC (ug/mL)
Bacterial strains Compound 70 Ciprofloxacin?
E. coli (penicillin resistant) 200 25x103
K. aerogenes 200 2.5x10*
M. luteaus 200 2.5x10*
P. aerugenosa 100 2.5x10°

Note 2 Positive control for antibacterial

In 2010, Jun et al. isolated two known compounds (75-76) from aerial parts of
L. japonicus. Compound 75 was a PTP1B enzyme model inhibitor of hypoglycemic

effects.

N Rl R2
: Kaempferol-7-O-a-L-rhamnoside (75) H Rha
R, Kaempferol-3-O-p-D-glucopyranoside-  Glc Rha

R, 7-O-a-L-Rhamnoside (76)

Figure 1.17 Structure of compounds (75-76)

In 2011, Huang et al. discovered a new diterpene (77) with three known
compounds (78-80) from aerial parts of L. japonicus. The ICsq values for compounds
77 and 78 were 16.1 and 18.4 uM, respectively, indicating moderate inhibitory action,
and the 1Csp values for compounds 78 and 79 were 11.6 and 12.9 pM, respectively,

demonstrating intense action in a dose-dependent manner.
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~
g

R Leopersin G (79) Leoheteronin A (80)
1
Leoheteronin F (77) 0]
Leoheteronin D (78) H>

Figure 1.18 Structure of compounds (77-80)

In 2012, Gong et. isolated six new labdane-type diterpenes (81-86) from

aerial parts of L. japonicus.

~ OH

(6)-15,16-Epoxy-15-ethoxy-6,13-dihydroxylabd-8-en-7-one (81)

Figure 1.19 Structure of compounds (81-86)
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R1 Ro

(3a,78,90,15p8)-3-(Acetyloxy)-9,13:15,16-diepoxy-15-ethoxy-7- OAc  p-OEt
hydroxylabdan-6-one) (82)
(3a,78,90,15p)-3-(Acetyloxy)-9«,13:15,16-diepoxy-15-ethoxy-7- OAc  «a-OEt
hydroxylabdan-6-one) (83)
(3a,78,90,15p5)-3-(Acetyloxy)-9,13:15,16-diepoxy-7-hydroxy-15- OAc a-
methoxylabdan-6-one) (84) OMe

(3a,75,9a,15p6)-9,13:15,16-Diepoxy-15-ethoxy--3,7dihydroxylabdan6-one) (85) OH S-OEt
(3a,76,90,150)-9,13:15,16-Diepoxy-15-ethoxy-3,7-dihydroxylabdan6-one) (86) OH a-OEt

Figure 1.19 (continued)

In 2012, Khan et al. isolated a known compound 15,16-epoxy-3a-
hydroxylabda-8,13(16),14-trien-7-one  (87) from aerial parts of L. japonicus.
Compound 87 inhibited the degradation of inhibitory kappa B (IxBa) and the nuclear
translocation of p50 and p65 in LPS-stimulated RAW 264.7 macrophages.

15,16-Epoxy-3a-hydroxylabda-8,13(16),14-trien-7-one (87)

Figure 1.20 Structure of compound (87)
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In 2012, Li et al. discovered two new phenylethanoid glycosides (88-89) and a
new sesquiterpene glycoside (90) with seven known compounds (91-97) from aerial
parts of L. japonicus. At a 1x10° M concentration, compounds 88, 89, and 92 showed
strong hepatoprotective efficacy against D-galactosamine-induced toxicity in HL-7702
cells (Table 1.12).

HO

HO
O&o o
OH OH
How o
(@]
OH
HO Q

OH

Leonoside E (88)

IR
T

OH

Leonoside F (89)

HO
0)
0o HO
0 HO X 0
- 0 O OH
0 = 0 OH \/\@
Ho@# on
HO
HO 0 HO OH
7a-(H)-Eudesmane-4,11 (12)-diene-3-one- Verbascoside (91)

2B-Hydroxy-13-p-D-glucopyranoside (90)

Figure 1.21 Structure of compounds (88-97)
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O

HO
x (6]

0
HO HOO/%/O
OH
o OH
HO
Ho on
OH
HOJQ?

OH

2-(3,4-Dihydroxyphenyl)-O-a-L-arabinopyranosy I- (1—2)-cistanoside E (93)

HO
0
HO&WO (O
HOW OH
HO

OH
a-L-Rhamnopyranosyl - (1—3)-6-O-4-D-glucopyranoside (92)

O HO
HO 0
(0)

> OO

HO

HO o

OH OH
et

OH

Lavandulifolioside (94)
5 OH

OH

HO 0

OH OH

Staphylionoside E (95)

Figure 1.21 (continued)
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nd

(0]
) HO OH
0O OH . ) o OH
OH z N,
(0] OH ” OH
OH (0)
Citroside A (96)

9-Hydroxy-megastigma4,7-dien-3
-one-9-0-glucopyranoside (97)

Figure 1.21 (continued)

Table 1.12 Hepatoprotective effects of compounds 88, 89, 91 and 93 against D-

galactosamine-induced toxicity in HL-7702 cells?

Compounds Cell survival (%)
Normal 100
Control 55
Bicyclol® 66
88 68
89 69
91 66
93 69
Note ? Results are expressed as mean + SD (n = 3; for normal and control, n = 6)
® Positive control substance
“p<0.05
“p<0.01
“*p<0.001

In 2012, Peng et al. discovered a new labdane diterpenoid (98) with seven

known compounds (99-103) from L. japonicus. In the APTT, PTT, and FIB assays,
compound 98 demonstrated in vitro coagulant activity.



(—)-3a-Acetoxy-64-hydroxy-15,16-
dinorlabd-8(9)-ene-13-yne-7-one (98)

HO P 6
o

(22E,24R)-5a,8a-Epidioxyergosta-
6,22-dien-34-o0l (100)
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o

(22E,24R)-5a,80a-Epidioxyergosta-
6,9(11),22-trien-34-ol (99)

OH

(22E)-Ergosta-6,9,22-triene-

3,50, 8ac-triol (101)

Figure 1.22 Structure of compounds (98-101)

In 2012, Fuchino et al. discovered two new labdane diterpenes (102-103) from

L. japonicus.

HO 7

“ OH

15,16-Epoxy-3a,6B,9a-trihydroxylabda-
13(16),14-dien-7-one (102)

15,16-Epoxy-6p,9a-dihydroxylabda-
13(16),14-dien-3,7-dione (103)

Figure 1.23 Structure of compounds (102-103)
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In 2013, Xiong et al. discovered two new sesquiterpenoids (104-105) with six
known compounds (106-111) from L. japonicus. Compound 106 significantly inhibited
the abnormal increase of platelet aggregation induced by ADP, while compounds 110
and 111 showed obvious antibacterial activity against several bacteria strains.

S H
—’,’/ )\\\“ 0

/0
HO OH
() - (15*,25*,3R*)-3-Ethoxycupar- (-) - (15*,45*,9S*)-1,9-Epoxybisabola-
5-ene-1,2-diol (104) 2,10-diene-4-ol (105)
- (0]
5 N
"R
(0]
(2S,5S)-2-Hydroxy-2,6,10,10-tetramethyl- R
1-oxaspiro-dec-6-en-8-one (106) 3-Oxo0-a-ionone (107) H
(+)-Dehydrovomifoliol (108) OH

(+)-3-Hydroxy-p-ionone (109) Arteannuin B (110) Chamigrenal (111)

Figure 1.24 Structure of compounds (104-111)

In 2013, Ye et al. discovered six new nortriterpenoids (112-117) with five
known compounds (118-122) from fruits of L. japonicus. Compound 117 demonstrated
the most potent cytotoxic activity, with 1Csg values less than 10 uM (Table 1.13).
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Rl RZ
Leonurusoleanolides E (112) H trans-feruloyl
Leonurusoleanolides F (113) H cis-feruloyl
Leonurusoleanolides G (114) H trans-p-coumaroyl
Leonurusoleanolides H (115) H cis-p-coumaroyl
Leonurusoleanolides | (116) H trans-caffeoyl
Leonurusoleanolides J (117) trans-caffeoyl H
Leonurusoleanolides A (118) trans-p-coumaroyl H
Leonurusoleanolides B (119) cis-p-coumaroyl H
Leonurusoleanolides C (120) trans-feruloyl H
Leonurusoleanolides D (121) cis-feruloyl H
Phlomistetraol B (122) H H

Figure 1.25 Structure of compounds (112-122)

Table 1.13 Cytotoxicity of compounds 116, 117 and 122

ICs0 (mean + SEM, pM)

Compounds  —p == g3 KE-97 Huh-7 Jurkut  MCF-7
116 >10 >10 97+07 97+57 43+01
117 75+13 30+03 19+05 39+09 46+008
118 >10 >10 >10 >10 85+0.3

Staurosporine  0.38+0.02 0.13+£0.01 0.23>0.07 0.14+0.02 052+0.1

In 2013, Zhou et al. discovered six new nortriterpenoids (123-128) from L.
japonicus. Antioxidant and anti-inflammatory effects of compound 126 have been
identified. Bioactivities for compound 128 include neuroprotection, anticarcinogenic,

and antioxidant activity (Kong et al., 2016; Arya et al., 2021).
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_C,,H
o~ "2t

HO / N\
R
4’-Hydroxy-2,3-dihydrocinnamic acid (I?;_m(;é%lsgiﬁn&lsg;s()lm) %MHe
tetracosy| ester (123) !
H (0]
R
OH
(+)-Sesamin (126) R
4-Hydroxybenzaldehyde (127) H
Vanillin (128) OMe

Figure 1.26 Structure of compounds (123-128)

In 2013, Deng et al. isolated four known compounds (129-132) from

L. japonicus.
R
Kaempferol-3-O-4-D-glucopyranoside (129) Glc
Kaempferol-3-O-p-D-galactopyranoside (130) Gal
Kaempferol-3-neohesperidoside (131) Glc -2~ Rha
Kaempferol-3-nechesperidoside (132) Glc & Rha

Figure 1.27 Structure of compounds (129-132)
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In 2013, Zhang et al. discovered five new flavanol glycosides (133-137) with
four known compounds (138-141) from aerial parts of L. japonicus. The triglyceride
accumulation in HepG2 cells driven by free fatty acid at 10 pM was prevented by
compounds 133, 134, 136, and 138. Their reported inhibitory rates ranged 61.4, 10.0,
44.3, and 4.3%. According to research, compound 140 showed antioxidative activity
and efficacy against diabetes, Alzheimer's, cancer, and cardiovascular disease. In
addition, compound 141 was found to protect ex vivo bone marrow cells from the cell
death and inflammatory response caused by the drug 5-fluorouracil (5-FU) by
inhibiting the TNF signaling cascade, where 111b was the most regulatory gene (Zhao
et al., 2008; Hong et al., 2021).

R,
OH
HO O O OH Rl RZ R3
| HO OH Leonurusides A (133) H  Syringoyl H
0 0 Leonurusides C (134) H H Syringoyl
OH O o) Leonurusides E (135) OH  Syringoyl H
HOW
Y OR,
R1 R, Rs
Leonurusides D (136) H  Syringoyl H
OH O Leonurusides B (137) H H Syringoyl
HOW 2""-Syringylrutin (138)  OH  Syringoyl H
R;0

Figure 1.28 Structure of compounds (133-141)
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Kaempferol-3-0O-(6"-O-cis-p-coumaroyl)- Ferulic acid (140)
pS-D-glucopyranoside (139)

OH
| O
O \/\@
HO How o~
Ho L,

Martynoside (141)
Figure 1.28 (continued)

In 2014, He et al. isolated eleven known compounds (142-151) from
L. japonicus. According to research, compound 142 was an anti-degranulation action
against the emergence of allergy disorders. Compound 146 reported has antiviral and

antitumor properties (Nugrahini et al., 2020; Patasz et al., 2015).
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o
| X o N OH
. B
| R N~ 'R,

Trigonelline (142) = R,
3-Hydroxypyridine (143) H H
3-Hydroxy-2-methylpyridine (144) H Me
5-Hydroxy-2-hydroxymethylpyridine (145) CH,0OH H

O
i HN R E
~ H O
N
NH, H 0~ “OH 0—
Alanine (146) R - R L-Pyroglutamate acid
Uracil (147) H Vanilin (149)  H thvl ester (151
5-Methyluracil (148) Me  N-lsobutyl-L-  Me methyl ester (151)
valine (150)

Figure 1.29 Structure of compounds (142-151)

In 2014, Deng et al. isolated three known compounds (152-154) from
L. japonicus. In vitro and in vivo studies on ischemic stroke, Alzheimer's disease,
Parkinson's disease, spinal cord injury, nociception, and depression demonstrated the

protective effects of compound 152 (Bettio et al., 2016).

o
</ | NH &
N N/)\NH N i
2
0 Ve LN -“\J\OH
OH OH
oy OH NH,
Guanosine (152) L-tryptophan (153) L-phenylalanine (154)

Figure 1.30 Structure of compounds (152-154)
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In 2014, Yang et al. isolated ten known compounds (155-164) from

L. japonicus. Compounds 159 and 160 significantly inhibited the abnormal increase

of platelet aggregation induced by ADP.

J)\ AN
0 ~o 0 X0
0.__0 o OH
S /

Imperatorin (158)

R,
~ \
0~ 0 0
R1
R1 R2
Bergapten (155) H OMe

Xanthotoxin (156) OMe H
Isopimpinellin (157) OMe OMe

S
~o 0" o
0
Murrayone (160)
S
~o 0 o

Osthol (162)

Isogosferal (159)

N
o 0" Yo
0}
R
R
Meransin hydrate (163) OH
Isomeranzim (164) H

Figure 1.31 Structure of compounds (155-164)
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In 2014, Qin et al. discovered two new compounds (165-166) with known

compound (167) from aerial parts of L. japonicus.

(0]
/
0=9N,..0
0]
PN
0] @)
16-Oxo-leoheteronone A (165)  15-Methoxyleoheteronin B (166) 8,9-Secohispanolone (167)

Figure 1.32 Structure of compounds (165-167)

In 2014, Ye et al. discovered four new steroidal glycosides (168-171)

from fruits of L. japonicus.

“ R
R
OH Leonuroside A (168) S-Et, a-H
Leonuroside B (169) CH;
Leonuroside C (170) S-Me, o-H
HO 0 )
O Leonuroside D (171) a-Et, f-H
OH NH
(0)

Figure 1.33 Structure of compounds (168-171)

In 2015, Xiong et al. discovered six new bis-spirolabdane diterpenoids (172-
177) with three known compounds (178-180) from aerial parts of L. japonicus.
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R1
(+)-(5S,7R,8R,9R,10S,13S,15R)-7-Hydroxy- H
15-ethoxy-9,13;15,16-diepoxylabdan-6-one (173)
(-)-(5S,7R,8R,9R,10S,13R,15R)-7-Hydroxy- H
15-ethoxy-9,13;15,16-diepoxylabdan-6-one (174)
(-)-(3R,5S,7R,8R,9R,10S,13S,15S)-3-Acetoxy- OAc
7-hydroxy-15-methoxy-9,13;15,16-diepoxylabdan-6-one (175)
(3¢,78,9a,150)-3-Acetyloxy-9,13:15,16-diepoxy- OAc
15-ethoxy-7-hydroxylabdan-6-one (178)
Leosibirone B (179) OAc
15-Epi-leosibirone B (180) OAc
R
R1
()-(3R,5S,7R,8R,9R,10S,13R,15R)-3-Acetoxy- OAc
7-hydroxy-15-ethoxy-9,13;15,16-diepoxylabdan-6-one (176)
(-)-(55,7R,8R,9R,10S,13S,15S)-7-Hydroxy-15-methoxy- H

9,13;15,16-diepoxylabdan-6-one (177)

Figure 1.34 Structure of compounds (172-180)

R
a-OEt

B-OMe
B-OMe
B-OFt

o-OH
S-OH

a-OEt

a-OEt
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In 2015, Rauwald et al. reported a known compound (181) from aerial parts of

L. japonicus.

Isoleosibirin (181)

Figure 1.35 Structure of compound 181

In 2015, Wu et al. discovered three new diterpenes (182-184) together with a
known compound (185) from L. japonicus.

Secoleojaponol (182) R
Methoxy Isecolabdane (183) OMe
seco-Labdane (184) OH

Figure 1.36 Structure of compound (182-185)
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6-Hydroxy-15,16-epoxy-labda- 8,13(16), 14-trien-7- one (185)

Figure 1.36 (continued)

In 2015, Xiong et al. isolated a known compound (186) from aerial parts of
L. japonicus. Compound 186 demonstrated significant vasorelaxant activity against

KCl-induced contraction of rat aorta, with the ECsp value of 2.32 uM.

Leonuketal (186)

Figure 1.37 Structure of compound (186)

In 2015, Zhou et al. discovered two new steroids (187-188) and sixteen known
compounds (189-204) from aerial parts of L. japonicus. Compounds 189, 190, and 195

demonstrated strong inhibitory effects against ADP-induced platelet aggregation.
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(¢}

(24S)-Stigmast-4,28-diene-24-ol-3-one (187)

(0]

Cyathis-terone (191)

R
(24R)-5a-Stigmast-3,6-dione (189) 0]
S-Sitosterone (190) Ha, A*
5a,8a-Epidioxy-23-methyl-(22E,24R)- Demethylincisterol Az (193)

ergosta-6,22-dien-34-ol (192)

Figure 1.38 Structure of compounds (187-204)



R1 R,
[-Sitosterol (194) H H
(24S)-Saringosterol (195) H OH, A%
(38,7a)-Stigmast-5-ene-3,7-diol (196) OH H
(38,7a)-7-Methoxystigmast-5-en-3-ol (197) OMe H
3p-Hydroxy-7a-ethoxy-244-ethylcholest-5-ene (198) OEt H

(-)-Nonadeca-5,6-dienoic
acid-methyl ester (199)
Methyl octadeca-5,6-
dienoate (200)

R

11 Arachidic acid (201) H
Heneicosanoic acid (202) H

10 Heptacosanoic acid (203) H
Methyl myristate (204) Me

Figure 1.38 (continued)
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In 2015, Zhong et al. discovered a new labdane diterpenoid (205) and two
new ionone derivatives (206-207) together with five known diterpenoids (208-
212) from aerial parts of L. japonicus.
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HO

Leojaponin D (205) Leojaponones B (207)

o

HO

/,,,

o T

OH

Leojaponin A (208) Leojaponin B (209) Leojaponin C (210)

OH

Leoheteronin D (211) Villenol (212)

Figure 1.39 Structure of compounds (205-212)

In 2016, Han-Kui et al. discovered two new terpenoids (213-214) together with

known terpenoids (215) from stems and leaves of L. japonicus.
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OH

“ oH “ OH

Leojaponic acid A (213) Leojaponic acid B (214) (-)-Loliolide (215)

Figure 1.40 Structure of compounds (213-215)

In 2017, Leem et al. discovered a new compound (216) together with a known

compound (217) from L. japonicus.

0
0" N” NH,
H
o
O\

10-Methoxy-leonurine (216) Hydroxygenkwanin (217)

Figure 1.41 Structure of compound (216-217)

In 2017, Peng et al. discovered three new diterpenes (218-220) with three
known compounds (221-223) from aerial parts of L. japonicus. Compounds 218 - 220

promoted the contraction of uterine smooth muscle strips isolated from normal rats.
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)J\O\\‘

OH

Leojapone A (218) Leojapone B (219)

- (0]
A A
“OH
O
S-Chamigrenic acid (221) Saniculamoid D (222) Leojapone D (223)

Figure 1.42 Structure of compound (218-223)

In 2017, Liu et al. discovered two new cyclopeptides (224-225) together with
ten known compounds (226-235) from aerial parts of L. japonicus.



o ;( «O#@

Cyclo-leonuripeptide G (224) Cyclo-leonuripeptide H (225)

| HO
OH OH
HO QA
R\
(0) OH
R 2. B R
Hapepunine 3-O-a-L- Glc-(1—»2)-Rha Yibeinoside A (228)  Glc-(1— 2)-Rha
Imperialine-34-D- Glc-(1» 2)-Glc

rhamnopyranosyl-(1—2)
-p-D-glucopyranoside (226)
Hapepunine 3-O-4- Glc-(1—»2)-Glc
cellobioside (227)

glucoside (229)

Figure 1.43 Structure of compounds (224-237)



44

OH
j !
X
HN = N
HO K/\ OH HO 7
T Ao LT
~
Y T ®
(0] (0) OH
R Juzirine (234)
N2, N5, N°- tri-p-(Z2Z2)- 77,72
Coumaroylspermidine (232)
N2, N5, N- tri-p- (EEZ)- 7E,7"’E
Coumaroylspermidine (233)
R1 Rz R3
Spinosyn (235) Glc 2-Glc Me H
Linarin (236) H Glc £ Rha Me
Apigenin-7-O-f-D- H Glc H

glucopyranoside (237)

Figure 1.43 (continued)

In 2017, Han-Kui et al. discovered three new labdane diterpenoids (238-
240) from stems and leaves of L. japonicus. Compared to huperzine A, compounds
238-240 have substantial inhibitory effects on acetylcholinesterase. However, low

inhibitory effects on a-glucosidase when compared to acarbose (Table 1.14).
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Leojaponicone A (238) Isoleojaponicone A (239) Methy-lisol-eojaponicone A (240)
Figure 1.44 Structure of compounds (238-240)

Table 1.14 Enzyme inhibitory activity of compounds 238 - 240

Compounds a-Glucosidase Acetylcholinesterase

238 22.7 65.3

239 26.9 70.9

240 34.5 52.9
Staurosporine 98.4 NA
Huperzine A NA 100

In 2018, Lai et al. discovered six new diterpenoids (241-246) together with nine
known compounds (247-255) from aerial parts of L. japonicus. Compounds 242 and
246 enhanced melanin production at 13.5 and 10.6 %. In contrast, compounds 241, 243,

and 244 inhibited melanin production at 10.4, 30.1, and 12.1 %, respectively.
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Leojaponicone G (241) Leojaponicone H (242) Leojaponicone | (243)

OH
OH
A
@)
N R .
Leojaponicone J (244) Leojaponicone K (245) p-OMe  (65,9R)-Vomifoliol (247)
Leojaponicone L (246) a-OMe

5, 6-Epoxy-3-hydroxy-7- (3S,5R,6S,7E,9R)-5,6-Epoxy-3,9- (7E,9%)-9-Hydroxy-
5,7- megastigmen-9-one (248) dihydroxy-7-megastigmene (249) megastigmadien-4-one (250)

Figure 1.45 Structure of compounds (241-255)
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~0 o~
R
Rl R2 . - - R
(-)-Pinoresinol (251) H H Syrlnglc_ acid (253) o OH
(-)-Syringaresinol (252) OMe OMe 3,4,5-Trimethoxybenzoic acid (254) OMe

Sitosterol-3-p-D-glucose (255)

Figure 1.45 (continued)

In 2018, Hu et al. discovered two new labdane diterpenoids (256-257)
from aerial parts of L. japonicus.
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NS

OH

Leojaponn E (256) Leojaponicone F (257)

Figure 1.46 Structure of compounds (256-257)

In 2019, Zhou al. discovered three new triterpenoids (258-260) together with
seventeen known compounds (261-277) from aerial parts of L. japonicus.

(235)-23-Methoxy-cycloarta-24-en-34-ol (258) 22a-Methoxy-20-tarax-astene-34-ol (259)

Figure 1.47 Structure of compounds (258-277)



R R,
2-Oleanene-3,21-diol (260) OH Me 12-en-33-Hydroxy-urs-11-one (262)
Ursolic acid (261) H COOH a-Amyrin (263)

49

H>
(6]

Zizyberenalic acid (266) 20S-173,29-Epoxy-28-norlupan-34-ol (267)

Figure 1.47 (continued)
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R
28-Norlup-20(29)-ene-34,17p-diol (268) OH
28-Norlup-20(29)-en-3p-hydroxy-174- COOH
Hydroperoxide (269)

Lupeol (270) Me
Betulin (271) CH:0OH
Betulinic acid (272) COOH

R1 R2
Messagenic acid C (273) COOH CHO
Dihydrobetulin (274) CH,OH Me

Cornusalterin J (276) Foliasalacin A4 (277)

Figure 1.47 (continued)

In 2019, Peng et al. discovered two new oleanane derivatives (278-279) together
with three known compounds (280-282) from fruits of L. japonicus.
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Rl RZ
Leonuronin A (278) trans-p- H
coumaroyl
Leonuronin B (279) H trans-
cafffeoyl

R: R> Rs 2a,3B,23-Trihydroxyoleana-11,13(18)-
Urjinolic acid (280) COOH OH CH,OH dien-28-oic-acid (282)
Leonuronin B (281) CHs H CHs

Figure 1.48 Structure of compounds (278-282)

1.3 Research Objective

This research aimed to extract, isolate, purify and identify the isolated
structures of chemical constituents from aerial parts of Leonurus japonicus by bioassay-

guided of a-glucosidase inhibitory and nitric oxide production inhibitory activities.



CHAPTER 2

BIOASSAY-GUIDED ISOLATION AND IDENTIFICATION
OF BIOACTIVE COMPOUNDS FROM
LEONURUS JAPONICUS HOUTT.
EXTRACT

2.1 Introduction

The Leonurus japonicus Houtt. is a native plant in Asia, Europe, and Africa. It
belongs to the Lamiaceae family and is known as Gun-Cha-Ted in Thailand. It is
categorized as an herbaceous plant. The L. japonicus grows annually and twice a year,
with a diameter of around 5 mm and ranges in height from 30 to 120 cm (Shang et al.,
2014). A fine filament that resembles hair is found covering the main stem. The petal
is white or reddish, and the flowering season lasts from June to September. The seed
has a broad triangular form, measures 6 to 8 mm long, and the color is brown. L.
japonicus was used extensively in Traditional Chinese Medicine (TCM) to treat blood
disorders and diseases affecting women. This plant has many naturally occurring
antioxidative, anticancer, cardioprotective, and neuroprotective properties.
Approximately 282 substances have been isolated and identified from L. japonicus as
of right now. Alkaloids, diterpenes, and flavones have been identified as major
constituents in L. japonicus (Miao et al., 2019). So, L. japonicus has been the subject
of numerous reviews over time, primarily concentrating on its chemical elements and
pharmacological properties. Furthermore, the EtOAc extract of L. japonicus
exhibited a-glucosidase and nitric oxide (NO) production activity with percent
inhibition at 85% and 200%, respectively. During a preliminary screening of the
biological activities of this plant, discovery urged an investigation of the chemical
constituents from this extract. Therefore, isolation, structural elucidation, a-glucosidase

inhibitory, and NO production inhibitor activities from L. japonicus are discussed.
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2.2 Materials and Methods

2.2.1 Instrument and Chemical

The UV and ECD spectra were recorded with a JASCO J-1500
spectrophotometer. FT-IR spectra were recorded on a Thermo Scientific Nicolet 1S50.
1H and 13C NMR spectra were obtained using Bruker AVANCE NEO, 500 MHz. LC-
QTOF-MS were recorded with Agilent 1290 infinity 11/G6545B QTOF/MS. Flash
column chromatography (FCC) was recorded with a Pure C-815 Flash (BUCHI, Japan).
High-Performance Liquid Chromatography (HPLC) was registered with Agilent 1260
Infinity 1. Column chromatography (CC) and quick column chromatography (QCC)
were performed on Merck silica gel 100 (0.063-0.200 mm), Merck silica gel 60 (40-63
mm), and Merck silica gel Cus, respectively. Thin layer chromatography (TLC)
aluminum sheets of silica gel 60 F254 (20x20 cm) layer thickness 0.2 mm, (Merck),
Germany, were used for analytical purposes. Organic solvents for extraction were
hexane, dichloromethane (DCM), acetone, ethyl acetate (EtOAc), methanol (MeOH),
ethanol (EtOH), and distilled water. Besides the normal phase silica gel, the reverse
phase silica gel and Sephadex were also employed to isolate crude extract. In the reverse
phase chromatography, distilled water and methanol were used as isolation solvents.
The Sephadex technique is separation based on the difference in the size or shape of
the interested analyte molecules using dichloromethane and methanol as the eluent.

2.2.2 Plant Material

The dried plants of L. japonicus Houtt. were received from Lanna herb, Chiang
Mai, Thailand, in July 2018. To estimate the reliability of species identification using
DNA barcoding regions. The sequence from ITS2 gene had 482 bp and was compared
in the NCBI database. The result showed 92% query coverage and 100%

identification of L. japonicus.

2.2.3 Extraction and Isolation

The aerial parts of L. japonicus Houtt. (1.20 kg) were soaked in EtOH at room
temperature for three days. The solvent was evaporated using a rotary evaporator under
reduced pressure. This extraction method was done in triplicate. The ethanolic extract
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(TALO0N 72.05 g) from plants of L. japonicus was partitioned with ethyl acetate (4x500
ml each) to obtain TALON EtOAc crude extract (42.97 g). The aqueous phase was
lyophilized and kept in the fridge for further studies. The ethyl acetate crude extract
(TALON EtOAc, 42.97 g) was subjected to quick column chromatography (QCC)
(silica gel 60, 20:80 acetone/hexane) to give ten fractions (TA10N 01A-01J). Fraction
TA10N 01H (696.6 mg) was subjected to flash column chromatography (FCC), using
gradient elution with acetone/hexane (10-30%) to give eight fractions (TA10N 40A-
40H). Fraction TA1ON 40C (211.4 mg) was further subjected to FCC (80:20
MeOH/water) to give five fractions (TALON 44A-44E). Fraction TA10N 44A (72.8
mg) was further subjected to Sephadex LH-20 (MeOH) to give five fractions (TA10N
47A-47E). Compound T-1 (0.8 mg) was obtained from fraction TA10N 47D. Fraction
TA10N 44D (30.8 mg) was further subjected to Sephadex LH-20 (MeOH) to give four
fractions (TALON 48A-48D). Compound T-2 (1.8 mg) was obtained from fraction
TA10N 48D. Fraction TA10N 48A.2 was precipitated from fraction TALON 48A to
afford compound T-3 (4.9 mg). Fraction TALON 40F (1.68 g) was further purified by
RP Cig column chromatography (60:40 MeOH/water, Rt 6.2 min) to give six fractions
(TAL10N 52A-52F). Fraction TAL1ON 52B (203.6 mg) was further purified by RP Cis
HPLC (50:50 MeOH/water, 1.5 mL/min) to afford compound T-4 (3.6 mg, R 16.8
min). Fraction TA10N 52A (200.8 mg) was further purified by CC (5:95 MeOH/DCM)
to give five fractions (TALON 59A-59E). Fraction TA10N 59D (45.70 mg) was further
purified by column chromatography (CC) (15:85 acetone/hexane) to give three
fractions (TA10N 65A-65C). Fraction TA10N 65B (10.2 mg) was further purified by
CC (30:70 EtOAc/Hexane) to afford compound T-5 (1.0 mg). Fractions TA10N 59E
(35.40 mg) was further purified by CC (10:90 MeOH/DCM) to give four fractions
(TAL10ON 67A-67D). Fraction TAL1ON 67A (18.1 mg) was further purified by CC (10:90
acetone/hexane) to give six fractions (TA10N 70A-70F). Fraction TAL10N 70F (3.3 mg)
was further subjected to RP C1g HPLC (80:20 MeOH/water, 1.5 mL/min) to afford
compound T-6 (1.2 mg, R¢8.1 min).

2.2.4 a-Glucosidase Inhibitory Assay
The enzyme a-glucosidase catalyzes the final step in the digestive process of

carbohydrates, and hence a-glucosidase inhibitors could retard the absorption of dietary



55

carbohydrates to suppress postprandial hyperglycemia. A potent a-glucosidase
inhibitor, acarbose, has been shown to effectively reduce the intestinal absorption of
sugars in humans. Briefly, the tested samples were dissolved in DMSO. After that, the
solutions were diluted with phosphate buffer (100 mM KH2POs, pH 6.9) to the
concentration of 10% DMSO. The 1.5 mM of the substrate, p-nitrophenyl a-D-
glucoside, was prepared by dissolving with phosphate buffer. Fifty microliters of tasted
sample were mixed with 100 pL of a-glucosidase enzyme solution then the mixture
was pre-incubated at 37°C for 10 min. The enzymatic reaction was started by applying
100 pL of 1.5 mM substrate into the mix and incubating at 37°C for 20 min. Then, the
response was terminated by adding 1 mL of 1 M NaxCOs. The absorption was
immediately measured at 405 nm by measuring the quantity of p-nitrophenol released
from the substrate. Acarbose was used as a positive control of a-glucosidase inhibitor
with an 1Csp value of 101.4 pg/mL (Thilagam et al., 2013; Suthiphasilp et al., 2020).

2.2.5 Nitric Oxide Production Inhibitory and Cell Viability Assays

The role of the free radical (NO) in inflammatory. So, inhibition of NO
production in LPS-stimulated RAW 264.7 cells is one of the possible ways to screen
various anti-inflammatory drugs. Briefly, RAW 264.7 cells were plated in 96-well
plates at a 5.0x10° cells / mL density and incubated at 37 °C and 5% CO, for 24 hours.
The culture supernatant of each well in the presence or absence of the compounds was
discarded and stimulated with 1 pg/mL LPS. After 24 hr. incubation at 37°C, 50 pL of
supernatant culture was incubated at room temperature for 10 min with 50 uL of a
Griess reagent. The absorbance with sodium nitrite standards was measured at 570 nm
against a calibration curve. Indomethacin was used as a positive control of NO
production inhibitor with an I1Cso value of 11.7 pg/mL. The MTT assay was carried out
in cell viability tests (Suthiphasilp et al., 2020; Joo et al., 2014).



CHAPTER 3
RESULTS AND DISCUSSION

3.1 Structural Elucidation
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Figure 3.1 Structure of compound T-1

Compound T-1 was isolated as white crystals (m.p. 181 °C). The molecular formula
of compound T-1 was C1sH140s; the HRMS data displayed a molecular ion at m/z [M+H]*
287.2769 (calculated [M+H]" C16H140s, 287.2791). The UV (MeOH) spectrum showed
two maxima absorbances at 358 and 287 nm. The FT-IR spectrum presented absorption
in the broadband at 3379 cm?, indicating O-H stretching (hydroxy group), the narrow
band at 2923 cm™, indicating aromatic rings, and the sharp band at 1639 cm™, indicating
C=0 stretching (ketone group). The *H NMR spectroscopic data of compound T-1
showed chelated hydroxy protons [ox 12.03 (1H, s, 5-OH)], a set of AA'BB' aromatic
protons [8n 7.33 (2H, d, J = 8.7 Hz, H-2' and H-6") and 6.88 (2H, d, J = 8.7 Hz, H-3'
and H-5"], meta-coupled aromatic protons [onx 6.08 (1H, d, J = 2.3 Hz, H-8) and 6.06
(1H, d, J = 2.3 Hz, H-6)], one oxy-methine proton [6H 5.35 (1H, dd, J = 3.0 and 13.0
Hz, H-2)] coupled with nonequivalent methylene protons [6n 3.08 (1H, dd, J = 13.0
and 17.1 Hz, H-3a) and 2.80 (1H, dd, J = 3.0 and 17.1 Hz, H-3b)], and one methoxy
group [on 3.81 (3H, s, 7-OCHs). The methoxy group was placed at C-7 due to the J
HMBC correlations of 7-OCHz (61 3.81) with C-7 (8¢ 164.46) (Table 3.1). The absolute
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configuration of the chiral center at position C-2 of compound T-1 was identified by
the specific rotation presented by levorotation ( [a2] -4.64°, ¢ = 0.0028, MeOH). The
ECD spectrum presented two maxima absorbance at 288 nm (Ae -5.6) and 330 nm (Ae
+1.16). The ECD data showed a 2-aryl substituent in the equatorial position and
exhibited a positive Cotton effect in the long-wavelength UV range (~330 nm, n—> n *
transition; cinnamoyl system) and a negative effect at ~280-290 nm (m — n*
transition; benzoyl system), which corresponded to the absolute S-configuration.
Consequently, the structure of compound T-1 was demonstrated to be (S)-sakuranetin,
confirmed by a comparison of spectroscopic data with those reported in the literature
reviews (Grecco et al., 2014; Takemoto et al., 2008; Yamashita et al., 2016; Bosabalidis
et al., 1998). Detailed assignments of *H, 3C, COSY, and HMIBC NMR spectral data

are shown in Table 3.1.

Figure 3.2 HMBC structure of compound T-1

Table 3.1 'H NMR (500 MHz), 3C NMR (500 MHz), COSY, and HMBC Spectral
Data of compound T-1 in CDCl3

Positions 6H. oc COsY HMBC
(mult., J in Hz) (*H— H) (*H—1C)
2 5.35 (dd, 3.0, 13.0) 78.9 H-3a, H-3b C-2', C-6'
3 3.08 (dd, 13.0, 17.1) 43.0 H-2, H-3b C-2,C-8a
2.80 (dd, 3.0, 17.1) H-2, H-3a C8a
4 - 195.0 - -
4a - 103.0 -

5 - 1629 - C-4a, C-6, C-7
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Table 3.1 (continued)

Positions 6H. oc COSY HMBC
(mult., J in Hz) (*H—> H) (*H—13C)

6 6.06 (d, 2.3) 95.2 - C-4a, C-8

7 - 164.46 - -

8 6.08 (d, 2.3) 9425 - C-4a, C-5

8a - 196.0 - -

2 7.33(d, 8.7) 1279 H-3 C-2, C-4'

3 6.88 (d, 8.7) 115.7 H-2' C-4', C-5'

4' - 156.0 - -

5 6.88 (d, 8.7) 115.7 H-6' Cc-4', C-3

6 7.33(d, 8.7) 1279 H-5 C-2, C-4'

7-OCH; 3.81(s) 553 - C-7

5-0H  12.0(s) - - -

Figure 3.3 Structure of compound T-2

Compound T-2 was isolated as white crystals (m.p. 318 °C). The molecular
formula of compound T-2 was C16H120s; the HRMS data displayed a molecular ion at
m/z [M+H]" 285.0642 (calculated [M+H]* C16H120s, 285.0762). The UV (MeOH)
spectrum showed three maxima absorbances at 267, 303 (sh), and 335 nm. The FT-IR
spectrum presented absorption in the broadband at 3371 cm™, indicating O-H stretching
(hydroxy group), the narrow band at 2919 cm?, indicating aromatic rings, and the sharp
band at 1588 cm™, indicating C=0 stretching (ketone group). The *H and *C NMR
spectroscopic data of compound T-2 were similar to those of compound T-1; however,
the main differences were that the *H NMR spectrum of compound T-2 showed one
methine proton at 61 6.54 (1H, s, H-3) and one methoxy group at o4 3.58 (3H, 7-OCHy).
The HMBC showed correlations between the methine proton (6 6.54) with C-2 (6c
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163.86), C-4a (dc 104.37), and C-1' (6¢c 120.47). In addition, the methoxy group (dH
3.58) also showed 3J HMBC correlation with C-7 (5c 164.84), respectively. The
spectral data of compound T-2 was demonstrated to be genkwanin, confirmed by a
comparison with those reported in the literature reviews (Ray et al., 2014; Yang et al.,
2013). Detailed assignments of 'H, 3C, COSY, and HMBC NMR spectral data are

shown in Table 3.2.

OH
oo A
-
S
OH O
Figure 3.4 HMBC structure of compound T-2

Table 3.2 'H NMR (500 MHz), *C NMR (500 MHz), COSY, and HMBC Spectral
data of compound T-2 in DMSO

Position OH oc YOBY HMBC
(mult., J in Hz) (*H —'H) (*H — 3C)

2 - 163.86 - -

3 6.54 (s) 103.90 - C-2, C-4a, C-1'

4 - 181.80 - -

4a - 104.37 - -

5 - 157.2 - -

6 6.09 (d, 2.3) 97.53 - C-4a, C-7, C-8, C-8a

7 - 164.84 - -

8 6.50 (d, 2.3) 92.45 - C-3,C-5, C-6, C-7

2' 7.67 (d, 8.9) 129.07 C-3' C-2,C-4, C-6'

3 6.66 (d, 8.9) 116.40 C-2' C-1', C-4', C-5'

4 - 161.00 - -

5' 6.66 (d, 8.9) 116.40 C-6' C1', C-3', Cc-4'

6' 7.67 (d, 8.9) 129.07 C-5' C-2,C-2', C-4

-OCHjs 3.58 (s) 55.53 - C-7

-OH 12.64 (s) - - -
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Figure 3.5 Structure of compound T-3

Compound T-3 was isolated as a yellow viscous oil. The molecular formula of
compound T-3 was C13H1803; the HRMS data displayed a molecular ion at m/z [M+H]*
223.1329 (calculated [M+H]" C13H1803, 223.1256). The UV (MeOH) spectrum showed
maxima absorbance at 233 nm. The FT-IR spectrum presented absorption in the broad
band at 3430 cm™, indicating O-H stretching (hydroxy group), the narrow band at 2924
cm?, indicating aromatic rings, and the sharp band at 1662 cm?, indicating C=0
stretching (conjugated ketone). The *H NMR spectroscopic data of compound 3 showed
trans olefinic protons at 6y 6.86 (1H, d, J = 15.6 Hz, H-8), and 6.49 (1H, d, J = 15.6
Hz, H-7), one olefinic proton of trisubstituted alkene [6n 5.96 (1H, s, H-4)],
nonequivalent methylene protons [on 2.53 (1H, d, J = 17.2 Hz, H-2a), and 2.36 (1H, d,
J =17.2 Hz, H-2b)], together with four methyl groups [6n 2.31 (3H, s, H-10), 1.89 (3H,
s, H-11), 1.11 (3H, s, H-12), and 1.03 (3H, s, H-13)]. The locations of four methyl
groups were supported by HMBC correlations (Table 3.3); from H-10 (61 2.31) to C-9
(8¢ 197.41), from H-11 (on 1.89) to C-4 (8¢ 127.93), C-5 (dc 41.25), and C-6 (5¢ 79.36),
and from H-12 (64 1.11) and H-13 (61 1.03) to C-1 (3¢ 197.02), C-2 (¢ 49.71), and C-
6 (6c 79.36) (Table 2.3). The absolute configuration at C-6 of compound T-3 was
identified by the specific rotation presented by levorotation ( [3°] -1.81, ¢ = 0.022,

MeOH). The ECD spectrum presented maxima absorbance at 247 nm (Ae +22.7). The
ECD data showed that position 6 exhibited a positive Cotton effect in the long-

wavelength UV range (~250 nm, t— 7™ transition; enone system), which corresponded

to the absolute S-configuration. Consequently, the structure of compound T-3 was
demonstrated to be (6S)-dehydrovomifoliol, confirmed by a comparison of

spectroscopic data with those reported in the literature reviews (Aishan et al., 2010;
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Circular Dichroism and Magnetic Circular Dichroism Spectroscopy for Organic
Chemists, 2011; Gangadhar et al., 2020). Detailed assignments of 'H, 3C, COSY, and
HMBC NMR spectral data are shown in Table 3.3.

Figure 3.6 HMBC structure of compound T-3

Table 3.3 *H NMR (500 MHz), *C NMR (500 MHz), COSY, and HMBC Spectral

data of compound T-3 in CDCl3

Position oH oc COsYy HMBC
(mult., J in Hz) (*H —'H) (*H—13C)

1 - 197.02 - -

2 2.53(d, 17.2) 4971 H-11 C-1,C-3,C-6, C-12
2.36 (d, 17.2) H-11 C-1,C-3,C-4,C-6,C-12

3 - 160.3 -

4 5.96 (s) 127.93 - C-2,C-6,C-11

5 - 41.25 - -

6 - 79.36 - -

7 6.49 (d, 15.6) 14491 H-8 C-6,C-9

8 6.86 (d, 15.6) 130.37 H-7 C-6,C-9

9 - 197.41 - -

10 2.31(s) 28.42 - C-9

11 1.89 (s) 18.68 H-2a, H-2b C-4,C-5,C-6

12 1.11 () 23.19 - C-1,C-2,C-3,C-6,C-13

13 1.03 (s) 2462 - C-1,C-2,C-3,C-6,C-12

Figure 3.7 Structure of compound T-4
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Compound T-4 was isolated as a yellow viscous oil. The molecular formula of
compound T-4 was C11H1603; the HRMS data displayed a molecular ion at m/z [M+H]*
197.1169 (calculated [M+H]" C11H1603, 197.2364). The UV (MeOH) spectrum showed
maxima absorbance at 206 nm. The FT-IR spectrum presented absorption in the broad
band at 3360 cm™, indicating O-H stretching (hydroxy group), the narrow band at 2924
cm, and the sharp band at 1726 cm™ indicating C=0 stretching (carbomethoxy group).
The *H NMR spectroscopic data of compound T-4 showed one olefinic proton of
trisubstituted alkene [on 5.70 (1H, s, H-3)], oxygenated methine proton [on 4.34 (1H,
m, H-6)], two sets of nonequivalent methylene protons [6H 2.46 (1H, dd, J = 14.1, and
4.0 Hz, H-7,), and 1.80 (1H, dd, J = 14.1, and 4.0, H-7), and &4 1.98 (1H, dt, J = 14.1
and 2.7 Hz, H-5,), and 1.52 (1H, dt, J = 14.1 and 2.7 Hz, H-5)], together with three
methoxy groups [6H 1.79 (3H, s, H-9), 1.47 (3H, s, H-10), and 1.28 (3H, s, H-8)]. The
locations of three methyl groups was supported by HMBC correlations (Table 2.4);
from H-8 (81 1.28) to C-3a (8¢ 182.47), C-4 (d¢ 35.60), and C-7 (6¢c 47.16), and from
H-9 (6w 1.79) and H-10 (61 1.47) to C-3a (dc 182.47), C-4 (dc 35.60), and C-5 (6¢
47.79) (Table 3.3). The specific rotation of compound T-4 presented the levorotation
([aZ®] -3.57, ¢ = 0.0028, MeOH). The ECD spectrum presented two Cotton effects at

227 nm (4e -54.8) and 257 (4 +5.8). A negative Cotton effect at ~230 nm (n—n*
transition; acyl system) and positive Cotton effect at 260-270 nm (n—7* transition; C-
C to C=C) established the 6R,7aS configuration. Consequently, the structure of
compound T-4 was demonstrated to be (—)-loliolide, confirmed by a comparison of
spectroscopic data with those reported in the literature reviews (Bich et al., 2014; Chang
et al., 2009). Detailed assignments of H, *C, COSY, and HMIBC NMR spectral data

are shown in Table 3.4.

Figure 3.8 HMBC structure of compound T-4
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Table 3.4 'H NMR (500 MHz), 13C NMR (500 MHz), COSY, and HMBC Spectral
data of compound T-4 in CDCl;

Position OH dc COsyY HMBC
(mult., Jin Hz) (*H—>H) (*H— 13C)
2 - 171.20 - -
3 5.70 (s) 113.86 - C-2, C-3a, C-4, C-7a
3a - 182.47 - -
4 - 3560 - -
5 1.98 (dd, 2.70,14.10) 47.79 H-5b C-3a, C-6, C-7
152 (dd, 2.70,14.10) " H-5a C-4, C-8, C-10
6 4.34 (m) 66.22 - C-4,C-7a
2.46 (d, 4.00) H-7b C-5
! 1.80 (d, 4.00) S 7, C-7a
7a - 86.45 - -
8 1.28 (s) 30.60 - C-3a, C-4, C-7
C-3a, C-4, C-5, C-6, C-7,
9 1.79 (s) 26.72 - C-7a, C-10
C-3a, C-4, C-5, C-6, C-7,
10 1.47 (s) 26— Co Co

Figure 3.9 Structure of compound T-5

Compound T-5 was isolated as a brown viscous oil. The molecular formula of
compound T-5 was CgHgO4; the HRMS data displayed a molecular ion at m/z [M-H]
167.0648 (calculated [M+H] CgHgO4, 167.0359). The UV (MeOH) spectrum showed
two maxima absorbances at 292 and 259 nm. The FT-IR spectrum presented absorption
in the broad band at 3479 cm, indicating O-H stretching (hydroxy group), the narrow
band at 2924 cm-1, indicating O-H stretching (carboxylic group), the medium band at
1680 cm, indicating C=0 stretch (carboxylic group), indicating aromatic rings, the
narrow band at 1376 and 910 cm™, indicating O-H bending (hydroxy group), and the
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narrow band at 1273 cm™ indicating C—O stretch (carboxylic group). Compound T-5
was also a phenol derivative based on *H NMR spectroscopic data, which showed a set
of ABX aromatic protons [0 7.72 (1H, dd, J = 8.3 and 2.0 Hz, H-5), 7.58 (1H, d, J =
2.0 Hz, H-2), and 6.97 (1H, d, J = 8.3 Hz, H-6)], together with one methoxy group [oH
3.97 (3H, s, -OCHa)]. The methoxy group was placed at C-8 due to the ] HMBC
correlations of 8-OCHz (6n 3.97) to C-4 (6c 146.03) (Table 3.5), confirmed by
comparison of spectroscopic data with those reported in the literature (Gonzalez-Bar6
et al., 2008; Maria et al., 2013). Compound T-5 was thus identified as vanillic acid.
Detailed assignments of 'H, $3C, COSY, and HMBC NMR spectral data are shown in
Table 3.5.

OH

HO

Figure 3.10 HMBC structure of compound T-5

Table 3.5 *H NMR (500 MHz), *C NMR (500 MHz), COSY, and HMBC Spectral
data of compound T-5 in CDCls

Position SH. oc COS% HMBC
(mult., J in Hz) (*H—>1H) (*H —QC)

1 - 125.27 - -

2 7.58 (d, 2.00) 112.26 - C-1,C-3

3 - 150.92 - -

4 - 146.03 - -

5 7.72 (dd, 8.30,2.00) 120.81 H-6 C-2,C-3

6 6.97 (dd, 8.30) 11445  H-5 C-5, C-4

-COOH - 168.69 -

-OCH;  3.97(s) 56.17 - C-4
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Figure 3.11 Structure of compound T-6

Compound T-6 was isolated as a yellow viscous oil. The molecular formula of
compound T-6 was C13H2003; the HRMS data displayed a molecular ion at m/z [M-H]
223.6024 (calculated [M+H]- C13H2003, 223.1412). The UV (MeOH) spectrum showed
maxima absorbance at 235 nm. The FT-IR spectrum presented absorption in the broad
band at 3417 cm™, indicating O-H stretching (hydroxy group), the narrow band at 2924
cm?, indicating aromatic rings, and the narrow band at 1655 cm™, indicating C=C
stretching (alkene-cis). The *H and 3C NMR spectroscopic data of compound 6 were
similar to those of compound T-3. The main difference was that the *H NMR spectrum
of compound T-6 revealed one oxygenated methine proton at 6 5.91 (1H,t,J =14
Hz, H-9). The HMBC data showedcorrelations between the oxygenated methine proton
(o1 5.91) with C-7 (6¢c 129.05) and C-11 (¢ 18.89) (Table 3.6). The absolute
configuration at C-6 and C-9 of compound T-6 was identified by the specific rotation
presented by dextrorotation ( [a2°] +7.17, ¢ = 0.0053, MeOH). The ECD spectrum

presented maxima absorbance at 242 nm (Ae +94.8) and 321 nm (Ae -9.36). The ECD
data showed that position 6 exhibited a positive Cotton effect in the long-wavelength
UV range (=250 nm, m — 1 * transition; enone system), and position 9 exhibited a
negative Cotton effect in the long-wavelength UV range (~320 nm, n— n * transition;
conjugated carbonyl system), which corresponded to the absolute 6S-configuration, and
9R-configuration. Consequently, the structure of compound T-6 was demonstrated to
be (6S, 9R)-vomifoliol, confirmed by a comparison of spectroscopic data with those
reported in the literature reviews (Yamano et al., 2005; Grayer et al., 2008; Snatzke et
al., 1979; Proenca et al., 2017). Detailed assignments of *H, **C, COSY, and HMBC
NMR spectral data are shown in Table 3.6.
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Figure 3.12 HMBC structure of compound T-6

Table 3.6 'H NMR (500 MHz), 3C NMR (500 MHz), COSY, and HMBC Spectral
data of compound T-6 in CDCl3

Position o dc LOSY HMBC
(mult., Jin Hz) (*H —H) (*H—13C)

1 - 197.49 - -

2 245(d,17.2)  49.75 H-2a C-1, C-5, C-6, C-12
2.25 (d, 17.2) H-2b C-1,C-4,C-5,C-6,C-12

3 - 162.08 - -

4 5.91 (t, 1.40) 126.98 - C-2,C-7

5 - 41.24 - -

6 - 79.02 - -

7 5.79 (d, 15.6) 129.05 H-8 C-6, C-8, C-9

8 5.86 (d, 15.6) 135.81 H-7 C-6, C-7,C-9

9 4.41 (m) 67.87  H-10 C-7

10 1.30 (d, 3.60) 24.06 H-9 C-7,C-9

11 1.90 (s) 1889 - C-3,C-4,C-6

12 1.08 (s) 2295 - C-2, C-5, C-6, C-10

13 1.01 (s) 2420 - C-1, C-2, C-5, C-6, C-10

3.2 Biological Activities

3.2.1 a-Glucosidase and Nitric Oxide Production Inhibitory Activity-

guided Fractionation of the Extract of L. japonicus

a-Glucosidase and nitric oxide (NO) production inhibitory activity of the
EtOAc-soluble and its different polar fractions of L. japonicus were summarized in
Table 3.1. Fractions E, F, and H, exhibited stronger a-glucosidase and NO production

inhibitory activities than EtOAc-soluble and positive control, as showed in Table 3.7.
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Table 3.7 a-Glucosidase inhibitory and NO production inhibitory activites of

a-Glucosidase inhibitory

NO production inhibitory

Fractions Percentage ICs0 Values Percentage ICs0 Values
inhibition (%o) (ng/mL) inhibition (%o) (ng/mL)
Crude 85.9+0.1 722+19 87.8+21 20.7+2.2
A Inactive® - 69.2 + 0.6 64.0 +4.0
B Inactive® - 78.1+1.3 51.2+34
C Inactive® - 785+ 2.0 39.8+4.6
D Inactive® - 825+1.8 49.4+29
E 98.9+0.1 494+15 52.2+1.9 29.0+3.2
F 96.7 £ 0.9 728+1.0 76.8+1.9 59.8 +3.8
G Inactive® - Inactived -
H 99.7+0.6 27.9+0.1 55.9+4.2 34.3+35
I Inactive® - Inactived -
J Inactive® - 74.0+0.6 54.4+5.2
Acarbose? - 120.3+0.5 - -

Indomethacin® - - - -
Note 2 Positive control (anti-diabetic drug).

b Positive control (anti-inflammatory drug).
¢ Inactive at >200 pM.

d Fractions lead to cell death.

3.2.2 a-Glucosidase and NO Production Inhibitory of Isolated Compounds

from L. japonicus

Compounds T-1 to T-6 were tested for a-glucosidase and NO production
inhibitory activity (Table 3.2). Many flavonoid compounds have antidiabetic
properties, according to in vitro studies (Sohretoglu et al., 2018). Compound T-1
showed stronger against a-glucosidase inhibitory activity than other compounds and
positive control. Compound T-1 exhibited effective a-glucosidase inhibitory activity,
with an ICsp value of 143.9 uM, and compound T-2 showed a lower activity with an
ICso value of 367.5 uM. The main flavonoids subclasses as flavones, flavonols,
flavanones, and isoflavones, are the numerous members that have been proved to be

effective a-glucosidase inhibitors in many studies (Kumar et al., 2011; Proenca et
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al., 2017; Sohretoglu et al., 2018). The results agreed with the previously reported
that flavanone showed stronger a-glucosidase inhibitory activity than flavone skeleton.
The above data shows that the main components responsible for the a-glucosidase
inhibitory activities of L. japonicus were flavonoid derivatives.

However, compounds T-2 and T-3 showed the strongest NO production
inhibitory activity with ICso values of 66.9 and 70.6 uM, respectively. According to in
vitro studies, flavonoid and terpenoid derivatives that have been proved to be against
NO production in LPS-activated macrophages (Matsuda et al., 2003; Morikawa et al.,
2017). These data demonstrated with the previously reported that the flavone and
terpenoid derivatives were the main components responsible for the NO production

inhibitory activity of L. japonicus.

Table 3.8 a-Glucosidase and NO production inhibitory activity of compounds

isolated from L. japonicus

a-Glucosidase inhibitory NO production inhibitory
Compounds Percentage ICso Values Percentage ICso Values
inhibition (%) (uM) inhibition (%) (uM)
T-1 100.0+1.3 143.9 £ 0.6 779+2.2 2148 + 3.3
T-2 89.5+0.1 367.5+0.6 846+1.2 66.9 + 3.7
T-3 73.9+04 4085+1.9 79.5+5.6 70.6 £ 3.8
T-4 89.8+0.1 4347+1.1 746 +4.2 1875+ 3.7
T-5 99.8+0.1 598.4 + 0.6 73.6+£0.9 285.8+2.5
T-6 99.3+0.3 192.2+0.5 Inactive® Inactive®
Acarbose? - 157.1+0.1 - -
Indomethacin® - - - 32.7+39

Note 2 Positive control (anti-diabetic drug).
b Positive control (anti-inflammatory drug).

¢ Fractions lead to cell death.



CHAPTER 4

CONCLUSION

In conclusion, the bioassay-guided chemical investigation of L. japonicus led to
the isolation and identification of six known compounds including of two flavonoid
derivatives (T-1 and T-2), two sesquiterpene derivatives (T-3 and T-6), one benzofuran
derivative (T-4), and phenol derivative (T-5) (Figure 4.1).

_0O (O NN 0]
) N
"'OH
OH O OH O O
(S)-Sakuranetin (T-1) Genkwanin (T-2) (6S5)-Dehydrovomifoliol (T-3)
(-)-Loliolide (T-4) Vamlhc acid (T-5) (6S, 9R)-Vomifoliol (T-6)

Figure 4.1 Structure of compounds (T-1 to T-6)

During our ongoing research project on bioactive natural products from the aerial
parts of L. japonicus, an EtOAc-soluble partition of the EtOH extract of the aerial of L.
japonicus displayed o-glucosidase and NO production inhibitory activities. This
prompted us to perform detailed bioassay-guided isolation from this plant, which led to
the isolation of six known compounds. (S)-sakuranetin (T-1) showed the highest efficacy
in inhibiting a-glucosidase enzyme with ICsg values of 143.9 uM. However, genkwanin

(T-2) and (6S)-dehydrovomifoliol (T-3) also showed moderate anti-inflammatory with
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ICso values of 66.9 and 70.6 uM, respectively. These findings support that L. japonicus

are a good source of bioactive compounds.
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NMR SPECTRUM OF COMPOUNDS FROM L. JAPONICUS
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Figure A1 'H NMR Spectrum of Compound T-1 in CDCls (500 MHZ)
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Figure A2 **C NMR Spectrum of Compound T-1 in CDCls (500 MHZ)
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Figure A3 COSY NMR Spectrum of Compound T-1 in CDCl3
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Figure A5 HMBC NMR Spectrum of Compound 1 in CDCls
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Figure A10 HMBC NMR Spectrum of Compound T-2 in DMSO
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Figure A11 *H NMR Spectrum of Compound T-3 in CDCl3z (500 MHZ)
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Figure A14 HSQC NMR Spectrum of Compound T-3 in CDCls
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Figure A15 HMBC NMR Spectrum of Compound T-3 in CDCls
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Figure A16 *H NMR Spectrum of Compound T-4 in CDCl3z (500 MHZ)

Figure A17 3C NMR Spectrum of Compound T-4 in CDCl3 (500 MHZ)
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Figure A19 HSQC NMR Spectrum of Compound T-4 in CDCls
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Figure A20 HMBC NMR Spectrum of Compound T-4 in CDCls
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Figure A21 *H NMR Spectrum of Compound T-5 in CDCl3z (500 MHZ)
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Figure A22 3C NMR Spectrum of Compound T-5 in CDCl3 (500 MHZ)
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Figure A23 COSY NMR Spectrum of Compound T-5 in CDCls



Figure A24 HSQC NMR Spectrum of Compound T-5 in CDCls
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Figure A25 HMBC NMR Spectrum of Compound T-5 in CDCl3
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Figure A26 *H NMR Spectrum of Compound T-6 in CDCl3 (500 MHZ)

Figure A27 3C NMR Spectrum of Compound T-6 in CDCl3 (500 MHZ)
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Figure A29 HSQC NMR Spectrum of Compound T-6 in CDCl3
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APPENDIX B

ELECTRONIC CIRCULAR DICHROISM SPECTRUM OF
COMPOUNDS FROM L. JAPONICUS
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Figure B1 ECD Spectrum of Compound T-1 in MeOH
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Figure B2 ECD Spectrum of Compound T-3 in MeOH
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Figure B3 ECD Spectrum of Compound T-4 in MeOH
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