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Phikud Navakot has been recognized as a part of Yahom Navakot for the
treatment of circulatory disorder. The present study aimed to evaluate the effects of
the ethanol and water extracts of crude drugs in Phikud Navakot on proliferation and
migration of human umbilical vein endothelial ECV304 cells. Quality control
parameters of nine crude drugs were examined according to Thai Herbal
Pharmacopoeia before extraction with either 50% ethanol or water. Treatment of the
cells with the ethanol extract of Kot Chulalumpa (Artemisia pallens, APES) for 24 h
significantly increased cell proliferation using MTT reduction assay. Among nine
herbal extracts, APES exhibited the highest activity. An in vitro scratch assay showed
that treatment with APES for 6 h under serum-free condition significantly promoted
endothelial wound closure in a concentration-dependent manner via enhancing cell
migration. Furthermore, DCFH-DA assay revealed that APES significantly decreased
intracellular reactive oxygen species level via activating the activity of superoxide
dismutase (SOD) but not glutathione peroxidase and catalase. APES significantly
stimulated both cyclooxygenase (COX) -1 and COX-2 activities without affecting
intracellular nitric oxide level using 2,3-diaminonaphthalene assay. High performance
liquid chromatography profile revealed the presence of flavonoids such as apigenin,
eriodictyol, luteolin, quercetin and rutin, which might be used as chemical markers for
identification of APES. Thus, the ethanol extract of A. pallens enhanced endothelial
cell proliferation and migration via activating the activities of SOD and COX in a
nitric oxide-independent pathway, leading to its potential role in angiogenesis for the
treatment of circulatory disorder of Phikud Navakot.
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CHAPTER |

INTRODUCTION

According to the Ministry of Public Health of Thailand, vascular and circulatory
disorders play the major role in the top five causes of death in 2008 such as
atherosclerosis, hypertension and stroke. The main pathogenesis of the diseases was
involved in endothelial dysfunction. Endothelial cells lining in inner vascular wall
play a major role in the regulation of vascular tone. The loss of integrity of the inner
vascular wall would cause endothelial dysfunction due to oxidative stress, imbalance
nitric oxide production or inflammation (Huang et al., 2010). The inflammatory
process was associated to pre-atherosclerosis (Libby et al., 2002). Nowadays, the cost
of drugs used in treatment of circulatory disorders was relatively high. According to
the 10™ National Economic and Social Development Plan of Thailand (2550-2554),
herbal medicines have been promoted for primary health care. According to Thai
traditional knowledge, many herbal medicines have been issued in the List of Herbal
Medicinal Products A.D. 2011. Phikud Navakot has been recognized as part of
Yahom Navakot and Yahom Tepachit for the treatment of circulatory disorder
(Chavalittumrong et al., 2010). However, the lack of scientific evidences to support
the use of herbal medicines is still the major concern. Not only efficacy, safety but
also quality of herbal medicines is essential to be carried out. Since one of the factors
involved in efficacy and safety of herbal medicine is the quality of raw material
(Liang et al., 2004). Therefore, the aim of this study was to determine quality control
of nine crude drugs in Phikud Navakot followed by evaluation of the selected crude

drug on cell proliferation and migration of human endothelial cells.

Conceptual framework

Quality control of nine crude drugs in Phikud Navakot was performed
according to Thai Herbal Pharmacopoeia. Each crude drug was extracted with either
50% ethanol or water and was subjected to proliferative study in endothelial cells. The
extract with the highest potency was selected to determine cell migration in a model



of wounded endothelial cells. The extract may affect the levels of ROS and nitric
oxide (NO) including cyclooxygenase (COX) activity in endothelial cells (Figure 1).

Objectives

1. To study the effect of the selected extract from nine crude drugs in Phikud
Navakot on cell proliferation and migration in human umbilical vein
endothelial ECV 304 cells.

2. To analyze preliminary chemical profile of the selected bioactive extract.

Scope of study

Quality control of nine crude drugs in Phikud Navakot was performed and
their extracts were screened for the proliferative effect on endothelial cells. The
selected extract with the highest proliferative potency was subjected to cell migration
study. Intracellular ROS affected by the extract was determined under normal
condition and wounded endothelial cells. The function of antioxidant enzymes i.e.
superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) was
measured. Intracellular NO level and COX activity influenced by the extract was also
determined. The preliminary chemical profile of the bioactive extract was compared

with standard flavonoids.

Experimental design

To obtain reproducible results, the assessment of quality control of nine crude
drugs in Phikud Navakot was performed according to Thai Herbal Pharmacopoeia
including foreign matter, loss on drying, total ash, acid-insoluble ash, ethanol-soluble
extractive and water-soluble extractive. The crude drugs which hit acceptance criteria
were further extracted with 50% ethanol or water, solvents normally used in Thai
traditional medicine. The effect of the extracts on endothelial cell proliferation were
investigated by using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay. The one which exhibited the highest proliferative effect was selected
for further studies. Cell migration was determined using an in vitro scratch assay.
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Figure 1. Conceptual framework of the present study.



Measurement of intracellular ROS level was determined using 2°,7’-
dichlorodihydrofluorescein diacetate (DCFH-DA) assay. Measurement of the
antioxidant enzyme activities such as SOD, GPx and CAT were determined using
commercial assay kits. Intracellular NO level affected by the extract was determined
using 2,3-diaminonaphthalene (DAN) assay. COX activity was determined using a
commercial assay kit. The preliminary chemical profile of the bioactive herbal extract
was performed using high performance liquid chromatography (HPLC) as compared

with standard flavonoids (Figure 2).

Contribution of the study

1. The information about endothelial cell proliferation and migration of the
crude drugs in Phikud Navakot might provide a scientific data to support the
application of Phikud Navakot for the treatment of circulatory disorder.

2. The information about the preliminary chemical profile of the herbal extract
in Phikud Navakot might provide fingerprint comparison in order to obtain

reproducible bioactive extract.
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Figure 2. Experimental design of the present study.




CHAPTER I

LITERATURE REVIEW

Crude drugs in Phikud Navakot and biological activities

Phikud Navakot, has been recognized as part of Thai traditional recipes in
Yahom Navakot, is composed of nine crude drugs in an equal proportion as shown in
Table 1.

Kot Soa is the root of Angelica dahurica (AD). Furanocoumarins were
considered as its major component. Imperatorin exhibited inhibitory effect on
concanavalin A-induced hepatitis in mice (Okamoto et al., 2001). Imperatorin
inhibited (COX-2) (Ban et al., 2003) via arachidonate metabolism (Abad et al., 2001).

Kot Kamao is the rhizome of Atractylodes lancea (AL). Polyacetylenes from n-
hexane extract of A. lancea inhibited 5-lipoxygenase (5-LOX) and cyclooxygenases-1
(COX-1) (Resch et al., 2001), leading to a decrease in phosphoinositide breakdown
and inhibition of thromboxane A2 (TXAZ2) (Park et al., 2003).

Kot Chulalumpa is the aerial part of Artemisia pallens (AP). Phytochemical
investigation of acetone extract showed the presence of pallensin, 4-epipallensin,
santonin, valgarin and 4-epivalgarin (Ruikar et al., 2011), sesquiterpene lactones
(Catalan et al., 1990), germacranolide (Rojatkarar et al., 1996; Pujar et al., 2000) and
furano-sesquiterpenes (Misra et al., 1991). Santonin from AP analyzed by high
performance thin layer chromatography (HPTLC) (Ruikar et al., 2010), artemisinin
analyzed by LC/MS were quantitatively measured. The amount of artemisinin was
0.1031% w/w in AP (Suresh et al., 2011). Phenolic and flavonoid content of AP in the
methanol extract were found.

The methanol extract exhibited radical scavenging activities against DPPH and
nitric oxide, giving ECsp values of 292.7 and 204.61 pg/mL (Ruikar et al., 2011). The
acetone extract of AP indicated potent anti-inflammatory activity (Ruikar et al.,
2011). Hot-water extract of A. princeps leaf at the concentration of 5 pg/mL
significantly stimulated endothelial cell proliferation via activation of basic fibroblast
growth factor (Kaji et al., 1990). Several biological activities of Artemisia species

were summarized in Table 2.



Table 1. Nine crude drugs in Phikud Navakot and plant part used.

Crude drug Scientific name Abbreviation  Family Part used

Kot Soa Angelica dahurica (Fisch.) Benth. & Hook.f. AD Apiaceae root

Kot Kamao Atractylodes lancea (Thunb.) DC. AL Asteraceae rhizome

Kot Chulalumpa  Artemisia pallens Walls ex DC. AP Asteraceae aerial part

Kot Chiang Angelica sinensis (Oliv.) Diels AS Apiaceae root

Kot Huabua Ligusticum chuanxiong Hort. LC Apiaceae rhizome

Kot Jatamansi Nardostachys jatamansi (D. Don) DC. NJ Valerianaceae root and rhizome
Kot Kanprao Picrorhiza kurroa Royle ex Benth. PK Scrophulariaceae rhizome

Kot Kradook Saussurea costus (Falc.) Lipsch. SC Asteraceae root

Kot Pungpla Terminalia chebula Retz. TC Combretaceae gall




Table 2. Biological activities in Artemisia species

Artemisia Part used/ Constituents Biological activity References
species extraction
solvent
A. annua aerial part/ quercetin, kaempferol, caffeic or ferulic antioxidant Carvalho et al.,
methanol conjugates and gallic acid (0.74+0.004, 2011
0.74+0.005, 52.49+1.046 and 70.96+1.054
ug g * of dry matter)
aerial part/ essential oil antibacterial, Cavar et al.,
dichloromethane antifungal and 2012
antioxidant
leaf/water - anti-inflammatory Melillo de
Magalhaes et
al., 2012
A. arborescens aerial part/ kaempferol, caffeic or ferulic conjugates and antioxidant Carvalho et al.,
methanol gallic acid (4.68+0.045, 1275.71+0.788 and 2011
266.46+0.136 pgg * of dry matter)
A. argentea aerial part/ 3,5-O-dicaffeoylquinic acid and 5-O- antioxidant Gouveia and
alcohol caffeoylquinic acid (300 mg/100 g dried Castilho, 2011

plant)



Table 2. (continued)

Artemisia Part used/ Constituents Biological activity References
species extraction
solvent
A. argyi leaf/ artemilinin A and isoartemisolide NO inhibitory Wang et al.,
95% ethanol guaianolide-derived 2013
A. campestris aerial part/ antioxidant Saoudi et al.,
water 2010
leaf/ water antioxidant Sefietal., 2012
A. capillaris aerial part/ antifibrotic Wang et al.,
water 2012
A. copa aerial part/ anti-inflammatory Mino et al.,
water 2004
aerial part/ vasorelaxing and Gorzalczany et
water hypotensive effects  al., 2013
A. fukudo leaf a-thujone (48.28%), B-thujone (12.69%), anti-inflammatory Yoon et al.,
camphor (6.95%) and caryophyllene (6.01%) 2010
A. herba-alba aerial part 1,8cineole (18.4%), B-thujone (14.1%), antimicrobial Mighri et al.,
camphor (10.8%) and a-thujone (10.7%) 2010



Table 2. (continued)

Artemisia Part used/ Constituents Biological activity References
species extraction
solvent
A. iwayomogi aerial part/ - antifibrotic Wang et al.,
water 2012
A. ludoviciana aerial part/ quercetin, kaempferol, caffeic or ferulic antioxidant Carvalho et al.,
methanol conjugates and gallic acid (7.63+0.123, 2011
1.80+0.123, 798.65+13.056 and
496.32+8.777 pg g * of dry matter)
A. oleandica aerial part/ quercetin, kaempferol, caffeic or ferulic antioxidant Carvalho et al.,
methanol conjugates and gallic acid (4.68+0.145, 2011
47.56+0.345, 730.42+0.034 and
265.39+0.097 pg g * of dry matter)
A. princeps trunk/ - anti-inflammatory Chang et al.,
methanol 2009
aerial part/ eupatilin and jaceosidin anti-inflammatory Min et al.,
80% ethanol 2009

0T



Table 2. (continued)

Artemisia Part used/ Constituents Biological activity References
species extraction
solvent
aerial part/ kaempferol, caffeic or ferulic conjugates and antioxidant Carvalho et al.,
methanol gallic acid (31.60£1.440, 1308.96+22.344 2011
and 334.23+10.555 pg g * of dry matter)
A. scoparia leaf/ water essential oil antioxidant Singh et al.,
2010
A. sphaerocephala  seed/ polysaccharide antioxidant Wang et al.,
water 2010
A. stelleriana aerial part/ quercetin, caffeic or ferulic conjugates and antioxidant Carvalho et al.,
methanol gallic acid (1.25+0.133, 562.95+12.334 and 2011
38.45+0.233 pg g * of dry matter)
A. sylvatica aerial part/ arteminolide B anti-inflammatory Jinetal., 2004
methanol
A. vestita aerial part/ cirsilineol, apigenin and 6-methoxytricin anti-inflammatory Yin et al., 2008
ethanol

17
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Kot Chiang is the root of Angelica sinensis (AS). The crude extract of A.
sinensis significantly promoted epithelial cell migration via an increase in epidermal
growth factor (EGF) mRNA expression (Ye et al., 2001). The crude extract of A.
sinensis stimulated proliferation and migration of human endothelial cells via S-phase
cell cycle and enhancing vascular endothelial growth factor (VEGF) mRNA
expression (Lam et al., 2008). The extract of A. sinensis stimulated on murine bone
marrow mononuclear cells in serum-free culture medium via MAPK pathway
(Xiaoping et al., 2006).

Kot Huabua is the rhizome of Ligusticum chuanxiong (LC). HPLC-UV
analysis of L. chuanxiong ethanol extract showed the presence of ferulic acid (Yan et
al., 2005), which exhibited angiogenic activity both in vitro and in vivo via
stimulation of VEGF, platelet-derived growth factor (PDGF) and hypoxia inducible
factor 1-alpha (HIF-10) pathways (Lin et al., 2010).

Kot Jatamansi is the root and rhizome of Nardostachys jatamansi (NJ). The
aqueous root extract of N. jatamansi significantly increased SOD, GSH and CAT
activities in catalepsy-induced rat brain (Rasheed et al., 2010).

Kot Kanprao is the rhizome of Picrorhiza kurroa (PK). The methanolic extract
of P. kurroa exhibited antioxidant and a protective effect on DNA cleavage analyzed
by comet assay (Russo et al., 2001). Additionally, apocynin isolated from P. kurroa
root inhibited ROS generation (van den Worm et al., 2001) and possessed anti-
inflammatory property by inhibiting the formation of TXA2 and arachidonic acid-
induced aggregation of platelets (Engels et al., 1992).

Kot Kradook is the root of Saussurea costus (SC). The ethanol extract of S.
costus exhibited antioxidant activity, probably as a result of the presence of
chlorogenic acid (Pandey et al., 2005). Dehydrocostus lactone inhibited the
production of NO in lipopolysaccharide (LPS) activated RAW 264.7 cells (Lee et al.,
1999). Cynaropicrin isolated from the extract of S. costus inhibited tumor necrosis
factor-alpha (TNF-a) release from LPS-stimulated murine macrophage cells (Cho et
al., 2000). Costunolide exhibited inhibitory effects of interleukin-1p (1L-1B) in LPS-
stimulated RAW 264.7 cells (Kang et al., 2004).
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Kot Pungpla is the gall of Terminalia chebula (TC). The aqueous extract of
ripe fruit of T. chebula exhibited antioxidant activity using ferric-reducing antioxidant
power assay (Lee et al., 2005) including DPPH assay (Klika et al., 2004), probably as
a result of the presence of chebulinic acid. Chebulic acid found in T. chebula
protected endothelial cells against advanced glycation end products (AGESs)-induced
endothelial cell dysfunction (Lee et al., 2010). Chebulagic acid showed potent
inhibition of COX-2 and 5-LOX, the key enzymes involved in inflammation and

carcinogenesis and anti-proliferative activity in cancer cell lines (Reddy et al., 2009).

Quiality control of crude drugs

World Health Organization (WHO) guidelines for the assessment of herbal
medicines should be consulted when assessment for crude drugs (World Health
Organization, 1998). Thai Herbal Pharmacopoeia (1995) prescribes quality control of
crude drugs such as foreign matter, raw materials should be entirely free from visible
signs of contamination and deterioration by soil, stones, sand, dust, insects and other
animal contamination. The ash remaining following ignition of raw materials is
determined by the different methods which total ash and acid-insoluble ash measured
the total amount of material remaining after ignition such as sand and soil. Loss on
drying determines both water and volatile matter, which an excess of water in raw
materials will encourage microbial growth, the presence. This extractable method
determines the amount of active constituents extracted with solvents from a given
amount of raw materials (Singh et al., 2012). Additionally, thin layer chromatography
(TLC) and HPLC were used to identify chemical components of crude drugs.

Role of antioxidant enzyme, nitric oxide and cyclooxygenase in endothelial cell
function

The endothelial cell is a single cell layer lining the vascular wall and plays an
important role in vascular homeostasis, the regulation of blood pressure and blood
flow by releasing vasodilators such as NO and prostacyclin, as well as
vasoconstrictors, including endothelin (Kitamoto and Egashira, 2004). Cell injury,
cell death impairs or prevents conduct of these activities leading to the alterations in
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endothelial cell function (Pober et al., 2009; Sitia et al., 2010). Endothelial
dysfunction is likely to result from endothelial cell injury including infection,
hyperglycemia, obesity, diabetes mellitus and oxidative stress (Abraham et al., 2007).
Specifically, endothelial dysfunction is associated with reduced NO production,
anticoagulant properties, platelet aggregation, increased expression of adhesion
molecules, cytokines and ROS production from endothelium (Al-Isa et al., 2010).
Increased production of the superoxide anion can lead to decrease tissue
bioavailability of NO via several enzymes that involved in generating ROS such as
NADH/NADPH oxidase, xanthine oxidase (Turrens, 2003). The ROS are eliminated
by antioxidant defense systems of cells including SOD which catalyzes superoxide
anions to oxygen and hydrogen peroxide. In mammalial cells, there are 2 isoforms of
CuzZn-SOD or SOD1 is present in the cytosol and Mn-SOD or SOD?2 is present in the
mitochondria. Subsequently, GPx and CAT catalyze hydrogen peroxide to oxygen
and water (Powers and Jackson, 2008). The imbalance between the production of
ROS and limited antioxidant defense of cells induced to oxidative stress. Thereby, the
excess ROS can damage cellular lipids, proteins or DNA inhibiting normal cell
function (Valko et al., 2007).

The endothelial dysfunction is associated with a decrease in NO bioavailability,
(Witting et al., 2007). NO is synthesized by nitric oxide synthase (NOS), convert L-
arginine into L-citrulline. The endothelial NOS (eNOS) constitutively synthesizes NO
in endothelial cells in response to an increase in intracellular calcium levels, while
inducible NOS (iNOS) is not able to respond to changes in calcium level in the cell.
As a result the production of NO by iNOS lasts much longer than by eNOS and tends
to produce much higher concentrations of intracellular NO (Guzik et al., 2003;
Ignarro et al., 2002). NO production can be induced through the up-regulation of
INOS, by factors involved in inflammation, including interleukins, interferon-gamma,
TNF-alpha and LPS (Guzik et al., 2003).

Angiogenesis is essential for wound repair. COX catalyzes the conversion of
arachidonic acid to prostaglandins and thromboxane. There are 2 isoforms of COX-1
IS constitutively expressed in most tissues, such as vascular endothelial cells and is

involved in maintenance of cellular homeostasis, whereas the expression of COX-2 is
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inducible and present very low level under normal conditions (Marnett, 2000).
Previous study revealed that mechanically wound endothelial cell monolayer
stimulated COX-2 expression resulting in rapid wound closure. Meanwhile,
prostaglandin (PG) E2, a COX product, enhanced endothelial cell migragion to cover

wounded area depending on COX-2 activity and expression (Jiang et al., 2004).



CHAPTER IlI

MATERIALS AND METHODS

Equipments
Autoclave (HA-300 MD, Hirayama, Japan)
Biosafety laminar flow hood class Il (International Scientific, BV-2225,
Thailand)
Centrifuge (Allegra X-12 R, Beckman, Germany; EBA 12, Hettich
Zentrifugen, Germany)
Cig column (250 mm x 4.6 mm, 5 pm of particle size) with packed guard
column (00G-4041-EO, Phenomenex, California, USA)
CO; incubator (3121, Forma Scientific Inc, Massachusetts, USA)
Hemocytometer (Bright-line, Hausser Scientific, Pennsylvania, USA)
High performance liquid chromatography (HPLC) coupled with
photodiode array (PDA) detector (Shimadzu LC-20A, Kyoto, Japan)
Hot air oven (Memmert, Germany)
Microplate reader (Perkin Elmer, Victor 3, Massachusetts, USA)
Moisture and ash analyzer (Computrac MAX 5000XL, USA)
Phase-contrast inverted microscope (CK30, Olympus, Tokyo, Japan)
Rotary evaporator (RE120, Buchi, Flawil, Switzerland)
Sieve number 40 (Retsch, Haan, Germany)
Thin Layer Chromatography (TLC) plate (Merck, Darmstadt, Germany)
TLC Scanner (CAMAG, 027.6481, Muttenz, Switzerland)
Ultrasonic sonicator (Transsonic, Elma, Germany; Sonics Vibra Cell,
Connecticut, USA)
Water bath (Memmert, Germany)

Reagents
Acetic acid (64-19-7, Lab-Scan Analytical Science, Gliwice, Poland)
Acetonitrile (75-05-8, Lab-Scan Analytical Science, Gliwice, Poland)
Apigenin (10798, Sigma, St. Louis, USA)
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Catalase activity assay kit (K773-100, BioVision, California, USA)
Cyclooxygenase activity assay kit (760151, Cayman Chemical, Michigan,
USA)

2,3-Diaminonaphthalene (DAN) (88461, Sigma, St. Louis, USA)
2',7'-Dichlorodihydrofluorescein diacetate (DCFH-DA) (D6883, Sigma,
St. Louis, USA)

Dimethyl sulfoxide (DMSO) (60153, Merck, Darmstadt, Germany)
3-(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
(M2128, Sigma, St. Louis, USA)

Eriodictyol (89061, Sigma, St. Louis, USA)

Ethanol (H50T05, Mallinckrodt Chemical, Hazelwood, USA)
Ethylenediaminetetraacetic acid (EDTA) (180, Univar, Sydney, Australia)
Fetal bovine serum (FBS) (CH30160.02, Hyclone, Utah, USA)
Glutathione peroxidase activity assay kit (K762-100, BioVision,
California, USA)

Hoechst 33342 (14533, Sigma, St. Louis, USA)

Hydrochloric acid (AR 1107, Lab-Scan Analytical Science, Gliwice,
Poland)

Hydrogen peroxide (H,0,) (H/1750/17, Fisher Scientific, California, USA)
Luteolin (L9283, Sigma, St. Louis, USA)

Medium 199 (31100-027, Gibco BRL Life Technologies, New York,
USA)

B-Mercaptoethanol (B-ME) (444203, Merck, Darmstadt, Germany)
Penicillin-streptomycin (15140, Gibco BRL Life Technologies, New York,
USA)

Phenylmethanesulfonyl fluoride (PMSF) (P7626, Sigma, St. Louis, USA)
Propidium iodide (P4170, Sigma, St. Louis, USA)

Quercetin (Q0125, Sigma, St. Louis, USA)

Rutin (R5143, Sigma, St. Louis, USA)

Superoxide dismutase activity assay kit (K335-100, BioVision, California,
USA)

Trypsin from porcine pancreas (T4799, Sigma, St. Louis, USA)
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Tris (hydroxymethyl)-methylamine (77-86-1, Fisher Scientific, California,
USA)
Triton X-100 (93420, Fluka, St. Gallen, Switzerland)

Methods
Plant material

Roots of AD, AS, SC, rhizomes of AL, LC, PK, roots and rhizomes of NJ,
aerial parts of AP and galls from TC were purchased from Thai herbal drugstores,
Bangkok in October 2009, and identified by Dr. Sanya Hokputsa of the
Phytochemical Research Group, Research and Development Institute, Government
Pharmaceutical Organization, Thailand. The aerial parts of Artemisia pallens was
identified by Associate Professor Dr. Uthai Sotanaphun of Department of
Pharmacognosy, Faculty of Pharmaceutical Sciences, Silpakorn University, Thailand.
Voucher specimens have been deposited in the herbarium of the Phytochemical
Research Group, Research and Development Institute, Government Pharmaceutical
Organization, Thailand.

Quality control of crude drugs according to Thai Herbal Pharmacopoeia

Quality control parameters, including foreign matter, loss on drying, total ash,
acid-insoluble ash, ethanol-soluble extractive and water-soluble extractive were
examined according to the Thai Herbal Pharmacopoeia (Thai Pharmacopoeia
Committee, 1995). All determination was studied repeatedly by 4 experiments and
each experiment was performed in duplicate.

Determination of foreign matter

About 100 grams of each crude drug was spread as a thin layer. The foreign
matter was detected by inspecting with unaided eyes and separated. The percentage of
foreign matter was weighed and calculated with reference to the air-dried crude drug.

Determination of loss on drying

Two grams of each crude drug was accurately taken in a tarred glass-stoppered
and dried at 105°C until constant weight. The percentage of loss on drying was

calculated with reference to the air-dried crude drug.
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Determination of total ash

Two grams of each crude drug was accurately taken in a tarred crucible and
incinerated by gradually increasing the temperature, not exceeding 450°C until free
from carbon. Cooled and weighed, repeated for constant value. The percentage of
total ash was calculated with reference to the air-dried herbal crude.

Determination of acid-insoluble ash

Ash obtained from the total ash was boiled with 25 mL of hydrochloric acid for
5 minutes. The insoluble matter was collected on an ashless filter paper, washed with
hot water until the filtrate was neutral, and ignited at about 500°C, then calculated the
percentage of acid insoluble ash with reference to the air-dried herbal crude.

Determination of ethanol-soluble extractive

Five grams of each crude drug was macerated with 100 mL of 95% ethanol in a
closed flask for 24 h, shaken frequently during the first 6 h and then allowed to stand
for 18 h. The filtrate (20 mL) was evaporated to dryness under reduced pressure in a
tarred, flat-bottomed, shallow dish and it was further dried at 105°C to constant
weight. The percentage of ethanol-soluble extractive was calculated with reference to
the air-dried crude drug.

Determination of water-soluble extractive

Accurately weighed about 5 grams of each crude drug was macerated with 100
mL of distilled water in a closed flask for 24 h, shaken frequently during the first 6 h
and then allowed to stand for 18 h. The filtrate (20 mL) was evaporated to dryness
under reduced pressure in a tarred, flat-bottomed, shallow dish and it was further
dried at 105°C to constant weight. The percentage of water-soluble extractive was
calculated with reference to the air-dried herbal crude drug.

TLC fingerprint analysis

Accurately weighed about one gram of each crude drug and authentic plant were
extracted with 10 mL methanol using reflux apparatus for 30 minutes. The filtrate (20
ML) was sprayed to a lane on TLC plate. The TLC plate was developed in a chamber
containing toluene, ethyl acetate and acetic acid (75:25:5) as the mobile phase for AD,
AS and LC; hexane and ethyl acetate (58:42) as the mobile phase for AL; hexane and
Acetone (56:44) as the mobile phase for AP; hexane, ethyl acetate and acetic acid

(70:30:1) as the mobile phase for NJ and TC; chloroform, ethyl acetate, methanol and



20

ammonia (50:30:20:1) as the mobile phase for PK; dichloromethane, ethyl acetate,
methanol and ammonia (60:20:20:2) as the mobile phase for SC. The developed
distance was 10 cm, removed the plate from the chamber and allowed to dry. The
dried TLC was then sprayed with an anisaldehyde — sulfuric acid reagent and heated
in oven for 10 min for TLC plate of AP. Detection of the chromatogram under UV
254 and 365 nm recorded and photograph.

Preparation of the extracts

The crude drugs were grinded to powder and sieved through No. 40. The
powder was extracted with 50% ethanol or water (1 gram of dried powder per 20 mL
of 50% ethanol or water) using reflux apparatus for 6 h. The extracts were filtered
through Whatman No.1 filter paper. Each extract was evaporated to dryness under
reduced pressure by using a rotary evaporator at 40°C and either spray dried or freeze
dried. The extracts were stored in capped vials and placed into a desiccator at room
temperature until used.

Preparation of a stock solution of the extract for bioassay.

The extracts were dissolved in DMSO to prepare a stock solution at a
concentration of 200 mg/mL and were subsequently diluted with complete medium.
After appropriate dilutions, the final concentration of DMSO was kept at 0.5% DMSO
(VIv).

Preparation of a stock solution of the extract for HPLC analysis.

The extract and standard flavonoids were dissolved in methanol as stock
solutions at concentrations of 1 mg/mL and 20 mg/mL, respectively. The stock
solution of the extract was further diluted with methanol to make working solutions at
the final concentration of 10 mg/mL while the stock solutions of the standard
flavonoids were diluted to the final concentrations of 0.1, 0.2, 0.5, 1, 2 and 5 pg/mL.
After dilution, the working solutions were filtered through the 0.45 pm membrane

filter into the vial before HPLC analysis.

Cell culture
Human umbilical cord endothelial ECV304 cells obtained from Cell Lines

Service (Germany) were cultured in M199 medium containing 10% FBS and 1%
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penicillin-streptomycin and maintained at 37°C in a humidified 5% CO, incubator.
The cells were subcultured every 3-4 days using 1 mM EDTA and 0.25% trypsin for

trypsinization.

Determination of cell viability using MTT reduction assay

Cell viability was determined by MTT assay as previously described
(Carmichael et al., 1987). The cells were seeded into a 96-well plate at a density of 1
x 10° cells/mL and incubated for 24 h. The cells were treated with the extract at the
concentrations of 0.001, 0.01, 0.1, 1, 10 and 100 pg/mL in medium with or without
FBS for 24 h. The medium was replaced by 0.4 mg/mL MTT in medium. After 4 h
incubation, the MTT solution was replaced by 100% DMSO to dissolve purple
formazan crystal. The optical density (OD) was measured with a microplate reader
using a wavelength of 570 nm. The percentage of cell viability was calculated by the
following equation: (ODsample/ ODcontror) X 100, where ODsample IS the absorbance of the

treated cells and OD¢ontror iS the absorbance of the untreated control.

Determination of cell migration using in vitro scratch assay

Cell migration was determined by an in vitro scratch assay (Liang et al., 2007)
with a slight modification. The cells were seeded into a 24-well plate at 2 x 10°
cells/mL and incubated for 24 h until confluence. The cell monolayer was scraped in a
straight line to create wound with a p200 pipette tip and washed twice with PBS. The
cells were treated with the extract at various concentrations in the presence or absence
of FBS for 6, 12 and 24 h. The scratch wounded area was measured using a phase
contrast microscope and then analyzed by using Image J 1.41 software (NIH,
Bethesda, MD, USA). The percentage of wound closure was calculated by the
following equation: [(Ao — A/ Ao] x 100, where Aq is the area of wound after
scratching at 0 h and Ay is the area of wound at 6, 12 and 24 h.

Determination of intracellular ROS using DCFH-DA assay
Intracellular ROS was determined by DCFH-DA assay as previously described
(Wang and Joseph, 1999). The cells were seeded into a 96-well plate at a density of 1

x 10° cells/mL and incubated for 24 h. The cells were treated with the extract at
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various concentrations of 12.5, 25, 50, 100 and 200 pg/mL in medium for 24 h. The
medium was removed and washed twice with cold-PBS and incubated with 5 pM
DCFH-DA for 30 min. After 30 min incubation, the DCFH-DA solution was removed
and the treated cells were washed twice with cold-PBS. The fluorescence intensity of
DCF was quantified at 485 nm excitation and 535 nm emission. The percentage of
DCF fluorescence was calculated by the following equation: (Fsample/Fcontror) X 100,
where Fsampe 1S the florescence intensity of the treated cells and Feonwol IS the
florescence intensity of control.

The level of intracellular ROS at the scratch wounded area was also
determined by co-staining with fluorescence dyes (Bal-Price and Brown, 2001; Li et
al., 2009; Saha et al., 2009) with a slight modification. The cells were scraped in a
straight line to create wound with a p200 pipette tip and washed twice with PBS. The
cells were treated with the extract at various concentrations in the presence of FBS for
6 h. The wounded area was washed with PBS and incubated with 5 uM of DCFH-DA
at 37°C for 30 min. The cells were washed with PBS and further incubated with 10
pg/mL of Hoechst 33342 and 10 pg/mL of propidium iodide (PI) at 37°C for 5 min.

The images was visualized using an inverted fluorescence microscope.

Determination of SOD activity

The SOD activity was performed using an assay kit according to the
manufacturer's instruction as previously described (Mapanga et al., 2012). The
commercially SOD assay kit utilizes 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, monosodium salt (WST-1), which produces a water-
soluble formazan dye upon reduction with a superoxide anion. The rate of WST-1
reduction with a superoxide anion related to xanthine oxidase (XO) activity, and was
inhibited by SOD. The cells were seeded into a 100 mm dish at a density of 2 x 10°
cells/mL and incubated for 24 h. The cells were treated with the extract at various
concentrations of 25, 50 and 100 pg/mL in culture medium for 6 h. The medium was
removed and washed twice with cold-PBS. The cells were collected by scraping and
centrifuged at 1,500 x g for 10 min. The cells were lysed in 0.1 M Tris-HCI, pH 7.4
containing 0.5% Triton X-100, 5 mM B-ME, 0.1 mg/mL PMSF and sonicated for 3 x

1s by an ultrasonic sonicator. Thereafter, cell lysates were centrifuged at 14,000 x g
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for 5 min and discarded the cell debris. The supernatant was collected and protein
concentrations were determined by Bradford assay (Bearden, 1978). The inhibition
activity of SOD was measured with a microplate reader using a wavelength of 450
nm. SOD activity was calculated according to the following formula: % inhibition =
[(Abtank — Asample)/Abiank] X 100, where Ayjank IS the absorbance of blank and Asampie 1S
the absorbance of sample.

Determination of GPx activity

The GPx activity was performed using an assay kit according to the
manufacturer's instruction as previously described (Patten et al., 2013). The GPx
enzyme reaction was indirectly assessed following the decrease of NADPH. GPx
catalyzes the reduction of cumene hydroperoxide while oxidizing reduced glutathione
(GSH) to an oxidized glutathione (GSSG). The generated GSSG is reduced to GSH
with consumption of NADPH into NADP" by glutathione reductase (GR). The
decrease of NADPH is proportional to the activity of GPx. The cells were seeded to a
100 mm dish at a density of 2 x 10° cells/mL and incubated for 24 h. The cells were
treated with the extract at various concentrations of 25, 50 and 100 pg/mL in culture
medium for 6 h. The medium was removed and the cells were washed twice with
cold-PBS. The cells were collected by scraping and centrifuged at 1,500 x g for 10
min. The cells were lysed in cold assay buffer and sonicated for 3 x 1s by an
ultrasonic sonicator. Thereafter, cell lysates were centrifuged at 10,000 x g for 15 min
and discarded the cell debris. The supernatant was collected and protein
concentrations were determined by Bradford assay. The absorbance was measured
with a microplate reader using a wavelength of 340 nm. GPx activity was calculated
by the following formula: GPx activity = [B / (T2-T1) x V] x sample dilution, where
B is the NADPH amount that was decreased between T1 (time of first reading) and
T2 (time of second reading) and V is the sample volume added into the reaction well.

Determination of CAT activity
The CAT activity was performed using an assay kit according to the
manufacturer's instruction as previously described (Patten et al., 2013). The CAT

enzyme reacts with H,O, to produce water and oxygen. Unconverted H,O, reacts with
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the OxiRed probe, which can be detected at 570 nm. The cells were seeded to a 100
mm dish at a density of 2 x 10° cells/mL and incubated for 24 h. The cells were
treated with the extract at various concentrations of 25, 50 and 100 pug/mL in culture
medium for 6 h. The medium was removed and washed twice with cold-PBS. The
cells were collected by scraping and centrifuged at 1,500 x g for 10 min. The cells
were lysed in cold assay buffer and sonicated for 3 x 1s by an ultrasonic sonicator.
Thereafter, cell lysates were centrifuged at 10,000 x g for 15 min and discarded the
cell debris. The supernatant was collected and protein concentrations were determined
by Bradford assay. The absorbance was measured with a microplate reader using a
wavelength of 570 nm. CAT activity was calculated by the following formula: CAT
activity = [B / (30 x V)] x sample dilution, where B is the decomposed H,0, amount

from H,0, standard curve and V is the sample volume added into the reaction well.

Determination of intracellular NO level

Intracellular NO was determined by DAN assay as previously described (Si et
al., 1997). NO level was determined by the assay of nitrite (NO5), a relatively stable
metabolite of NO. The NO; is reacted with DAN into 2,3-diaminonaphthotriazole, a
fluorescent product. The fluorescent intensity is proportional to the NO level, which
can be detected with an excitation wavelength of 365 nm and an emission wavelength
of 450 nm. The cells were seeded to a 96-well plate at a density of 1 x 10° cells/mL
and incubated for 24 h. The cells were treated with the extract at various
concentrations of 12.5, 25, 50, 100 and 200 pg/mL in medium for 0.5, 1, 2 and 6 h.
The medium was removed and washed twice with cold-PBS and incubated with 0.05
mg/mL DAN for 10 min. Then 0.28 M NaOH was added and incubated for 10 min.
The fluorescence intensity was monitored by an excitation wavelength of 365 nm and
an emission wavelength of 450 nm. The percentage of NO was calculated by the
following equation: (Nsample/Ncontror) X 100, where Ngampie 1S the NO2™ amount from
NO;" standard curve of the treated cells and Ncontrol IS the NO, amount from NO;

standard curve of control.
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Determination of cyclooxygenase activity

The COX activity was performed using an assay kit according to the
manufacturer's instruction as previously described (Guo et al., 2006). The peroxidase
activity is assayed calorimetrically by monitoring the appearance of oxidized
N,N,N’,N’-tetramethyl-p-phenylenediamine (TMPD). The COX-1 activity was
assayed by using of COX-2 specific inhibitor (DuP-697), while the COX-2 activity
was determined with using of COX-1 specific inhibitor (SC-560), which can be
detected at a wavelength of 590 nm. The cells were seeded to a 100 mm dish at a
density of 2 x 10° cells/mL and incubated for 24 h. The cells were treated with the
extract at various concentrations of 25, 50 and 100 pg/mL in medium for 6 h. The
medium was removed and washed twice with cold-PBS. The cells were collected by
scraping and centrifuged at 1,000 x g for 10 min. The cell pellets were lysed in 0.1 M
Tris-HCI, pH 7.8 containing 1 mM EDTA and sonicated for 3 x 1s by an ultrasonic
sonicator. Thereafter, cell lysates were centrifuged at 10,000 x g for 15 min and
discarded the cell debris. The supernatant was collected and protein concentrations
were determined by Bradford assay. The enzyme reaction was directly assessed the
peroxidase activity of cyclooxygenase. COX activity was calculated according to the
following formula: COX activity = (((AAsg/5 min)/0.00826) x (0.21/0.04))/2, where
A\ Asg is the absorbance of sample (subtract the background value)

HPLC fingerprint analysis

Chemical profile of the bioactive extract was performed using HPLC system
consisting of a binary pump, an autosampler and a column oven and PDA detector.
APES was dissolved in methanol as a stock solution (20 mg/mL) and filtered through
a 0.45 um membrane filter before injection (20 uL) to a Cig column. Column
temperature was set at 25°C. The mobile phase was acetonitrile (solvent A) and 1%
acetic acid in water (solvent B) using a gradient elution of 0% A at 0 - 5 min, 0 - 40%
A at 5 - 35 min, 40 - 80% A at 35 - 45 min, 80% A at 45 - 50 min,80 - 0% A at 50 -
55 min and 0% A at 55 - 60 min. The flow rate was 1.0 mL/min. Detection was
provided by variable wavelengths at 254, 270 and 350 nm for monitoring apigenin,

eriodictyol, luteolin, quercetin and rutin.
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Statistical analysis

Each experiment was performed at least three independent experiments and
each performed in triplicate. Results were expressed as mean + SEM. Data were
analyzed by one-way analysis of variance (ANOVA) with LSD post hoc test for

statistical difference. The p value < 0.05 were considered statistically significant.



CHAPTER IV

RESULTS AND DISCUSSION

Quiality control of crude drug according to Thai Herbal Pharmacopoeia

Nine crude drugs which are called Phikud Navakot were shown in Figure 3.
Kot Soa, the root of AD, was conical, externally greyish-brown or yellowish-brown
with longitudinal wrinkles. Texture was white and scattered of brown oil in bark,
aromatic pungent and bitter (Bauer and Xiao, 2011). Kot Kamao, the rhizome of AL
was nodular-cylindrical, somewhat curved greyish-brown with wrinkled. Texture was
yellowish-white or greyish-white and scattered of orange-yellow oil cavities, weakly
aromatic and bitter (Bauer and Xiao, 2011). Kot Chulalumpa from aerial part of AP,
which was a small shrub. The leaf was alternate pinnasect and dark green leaves. The
leaves were covered with white silky hairs gives the foliage a grey or white
appearance. The flowers were racemose panicles bear numerous small yellow flower
heads (Suresh et al., 2011). Kot Chiang, the root of AS, was cylindrical, externally
yellowish-brown to brown with longitudinally wrinkled and transversely lenticillate.
The texture was flexible yellowish-white or yellowish-brown, strongly aromatic or
sweet pungent and slightly bitter (Bauer and Xiao, 2011). Kot Huabua, the rhizome of
LC was irregular knotty and fist-like masses yellowish-brown. Texture was yellowish-
white or greyish-yellow and scattered with yellowish-brown oil cavities, strongly
aromatic and slightly bitter (Bauer and Xiao, 2011). Kot Jatamansi, the root and
rhizome of NJ was dark grey color and densely covered with reddish brown silky
fibers and typical smell (Singh et al., 2009; Arya et al., 2012). Kot Kanprao, the
rhizome of PK was thin, cylindrical, straight or slightly arched, externally greyish-
brown with longitudinal wrinkles, dotted scars and characteristic odour and very bitter
(Arya et al., 2012; Maharashtra et al., 2012). Kot Kradook, the root of SC was
slightly arched, externally brown with longitudinal wrinkles and central pith, which is
hollow (Arya et al., 2012). Kot Pungpla, the gall of TC was produced by the plant
against insect bite with accompanying microorganism infection and same with fish

belly, called 'Pung pla’ in Thai (Manosroi et al., 2010).
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Kot Soa Kot Kamao Kot Chulalumpa

Kot Chiang Kot Jatamansi

Kot Kanprao Kot Kradook Kot Pungpla

Figure 3. Macroscopic evaluation of nine crude drugs in Phikud Navakot.
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The quality control parameters of crude drugs including foreign matter, loss on
drying, total ash, acid insoluble ash, ethanol-soluble extractive and water-soluble
extractive of each nine crude drugs (Table 3). The results were well correlated with
those of the authenthic samples, generous gifts from Associate Professor Noppamas
Soonthornchareonnon, Faculty of Pharmacy, Mahidol University. The parameters are
useful for setting standards for crude drugs. Assessment of these parameters in crude
drugs plays an important role in detecting adulteration and poor quality of the crude
drugs. The criterion is that the foreign matter and acid-insoluble ash for controlling
the quality of crude drugs should not be more than 2 % w/w (Thai Pharmacopoeia
Committee, 1995).

The results are advantageous for the use as a reference crude drug for
preparing of the extraction with consistent quality and developing herbal medicine

and keep information of extracts with reproducible quality.

Preparation of the extracts

All crude drugs obtaining the criteria of Thai Herbal Pharmacopoeia were then
subjected to extraction using either 50% ethanol or water at the ratio of 1:20 using a
reflux apparatus. The lowest yield was from NJEF and NJWF (Table 4). Previous
study revealed that dried roots and rhizomes of N. jatamansi contained 0.5-2%
essential oil and 66% sesquiterpenes, jatamansone, jatamol A and B, jatamansic acid
and nardostachone (Jadhav et al., 2009; Parekh et al., 2009). Steam-distillation
yielded 1.9% of a pale yellow essential oil (Chauhan et al., 2005), which was
resemble to our result with 1.43 and 1.71% yield of the ethanolic and water extract of
NJ, respectively.

Meanwhile, the highest yield was from TCES, which was 60.00%. From
previous reports, T. chebula was rich in 33% hydrolysable tannins containing gallic
acid, chebulic acid, tannic acid, chebulagic acid and chebulinic acid and flavonoids
like luteolin, rutins and quercetin (Juang et al., 2004; Manosroi et al., 2010; Prakash
et al., 2012). The water extract of T. chebula using HPLC revealed the presence of
gallic acid (8.38% w/w) (Kumar et al., 2010). Thus, the highest yield of TCES might
be due to solvent used for the extraction. Ethanol was found to be the best solvent for

the extraction of chebulinic acid (Prakash et al., 2012).
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Table 3. Specification and quality control parameters of nine crude drugs in Phikud

Navakot.
_ Acid- Ethanol-  Water-
Foreign Losson  Total
) insoluble  soluble soluble
Crude drug matter  drying ash ] _
ash extractive extractive
(%ow/iw)  (Yw/w) (Yow/w)
%ow/w)  (%wiw)  (%w/w)
Kot Soa 0.35 10.37 2.81 0.50 4.18 16.20
Kot Kamao 0.45 8.60 6.45 0.34 12.21 36.85
Kot Chulalumpa 0.30 9.91 5.88 0.15 7.09 26.53
Kot Chiang 0.30 11.83 7.10 1.29 19.35 47.99
Kot Huabua 0.20 11.24 6.41 1.27 17.01 31.53
Kot Jatamansi 0.70 8.17 5.18 0.32 2.43 17.21
Kot Kanprao 0.75 10.67 2.83 0.62 27.95 42.06
Kot Kradook 0.28 11.66 4.74 0.58 9.40 28.54

Kot Pungpla 0.10 12.73 3.11 0.39 43.57 55.13
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Table 4. Extract codes and yields of the extracts from nine crude drugs in Phikud
Navakot. Codes were assigned as follow: first and second letters are scientific name
of plant crude drug; third letter is solvent used for the extraction - either ethanol (E) or

water (W); fourth letter is spray-drying (S) or freeze-drying (F).

Extract code (% yield)

Crude drug Scientific name
Ethanol Water

Kot Soa Angelica dahurica ADES (2.44) ADWS (17.78)
Kot Kamao Atractylodes lancea ALES (12.00) ALWEF (7.69)

Kot Chulalumpa Artemisia pallens APES (5.00) APWS (5.66)

Kot Chiang Angelica sinensis ASES (3.75) ASWS (4.70)

Kot Huabua Ligusticum chuanxiong LCES (3.75) LCWS (8.00)

Kot Jatamansi ~ Nardostachys jatamansi NJEF (1.43) NJWF (1.71)

Kot Kanprao Picrorhiza kurroa PKES (8.00) PKWS (12.33)
Kot Kradook Saussurea costus SCES (18.44) SCWEF (6.19)

Kot Pungpla

Terminalia chebula

TCES (60.00)

TCWS (41.60)
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Effect of the extract on proliferation and toxicity of ECV304 cells

To determine nontoxic concentration of the extract, viability of ECV304 cells
was measured by MTT assay. The result showed that the TCES, TCWS and NJEF at
the concentrations ranging from 0.001 to 100 pg/mL exhibited significant
cytotoxicity. Cell proliferation was observed in the ethanolic extracts but not the
water extracts (Figure 4A). Meanwhile, the water extracts tended to be more toxic
(Figure 4B).

Our result was resemble to a previous report, showing that tannins such as
tannic, ellagic acid and gallic acid at the concentrations ranging from 15 to 240 uM
decreased cell viability in Chinese hamster cells after 1 h incubation. Our results
indicated that TCES and TCWS was cytotoxic due to tannins as the main components
in T. chebula (Labieniec and Gabryelak, 2003).

Among the extracts, APES at the concentrations of 0.01, 0.1, 1, 10 and 100
pg/mL in the presence of FBS for 24 h exposure significantly increased proliferation
in a concentration-dependent manner, showing the percentage of viability at 110.58 +
2.32, 113,57 £ 1.45, 112.45 £ 1.17, 115.64 + 1.70 and 107.87 + 2.467%, respectively
(Figure 5A). Meanwhile, LCES only at the concentrations of 10 and 100 pg/ml
significantly increased the percentage of viable cells, which were 107.96 + 3.77 and
105.22 + 3.93%, respectively (Figure 5B).

Previous study revealed that hot-water extract of Artemisia princeps leaf at the
concentration of 5 pg/mL significantly stimulated endothelial cell proliferation (Kaji
et al., 1990) via activation of basic fibroblast growth factor (Kaji et al., 1990). The
cell proliferation of LCES could be partly due to the presence of ferulic acid, which
also exhibited angiogenic activity both in vitro and in vivo via stimulation of VEGF,
PDGF and HIF-1a pathways (Lin et al., 2010).

This study was the first report showing that APES (0.01 pg/mL) significantly
exhibited endothelial cell proliferation, which might result in a tendency of
angiogenesis or endothelial wound repair. Furthermore, cell proliferation of APES
was more potent than of LCES. We therefore selected APES for further study in cell

migration experiment.
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Figure 4. Effect of the extracts on viability of ECV304 cells using MTT reduction
assay. The cells was treated with the (A) ethanol or (B) water extracts at the
concentrations of 0.001, 0.01, 0.1, 1, 10 and 100 pg/mL and further incubated for 24
h. The cell viability was determined by MTT assay. *p < 0.05 compared to the

untreated control. The results were expressed as mean + S.E.M. (N =3, each

performed in triplicate).



34

(A)
1201 % & e
* = X 4
- r _u
T
Z
:'E 1004
«
>
)
&) 80+
X
60 ] L] L] I I I
control 0.01 0.1 1 10 100
APES (pg/mL)
(B)
120+ %
* -
& I T T L
= 1001
«
>
)
&) 80+
X
60 T T ]

L L L
control 0.01 0.1 1 10 100
LCES (pg/mL)

Figure 5. Effect of APES and LCES on cell proliferation. The cells were treated with
either (A) APES or (B) LCES at the indicated concentrations for 24 h. The viable
cells were assessed using MTT assay. *p < 0.05 compared to the untreated control.

The results were expressed as mean £ S.E.M. (N =3, each performed in triplicate).
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Effect of APES on cell migration

To determine the effect of APES on cell migration, an in vitro scratch assay
was performed in ECV304 cells. In the presence of FBS, APES at the concentrations
of 12.5, 25, 50, 100 and 200 pg/mL for 6, 12 and 24 h did not show significant cell
migration, when compared with control (Figure 6). Under serum-free condition to
minimize cell proliferation (Yarrow et al., 2004), APES at the concentrations of 25,
50 and 100 pg/mL for 6 h significantly enhanced cell migration in a concentration-
dependent manner (Figure 7), exhibiting the percentage of wound closure of 28.62 +
1.92,27.41 +1.69 and 26.74 * 3.34%, respectively (Figure 8).

According to a previous report, Artemisia anomala, A. diffusa, A. herba-alba
and A. tripartita were used for curing infectious wounds. A. spicigera induced more
rapid healing of wounds (Martinez et al., 2012).

Both migration and proliferation are often induced during development,
angiogenesis and regeneration (Sadanandam et al., 2010). To ascertain whether APES
promoted cell migration through proliferation, cell viability affected by APES in both
serum free and serum containing media was compared. The result demonstrated that
treatment of cells with APES in the media supplement with FBS significantly
increased viability in concentration- and time-dependent manner (Figure 9A) while
under serum free condition, cell proliferation affected by APES was not observed
(Figure 9B). The cells surrounded the wounded area were found to respond by an
immediate migration actively within 6 h, while the unaffected cells began to
proliferate (Ruszymah et al., 2012). The result suggested that APES induced wound
closure through promoting cell migration at the scratch area in addition to an increase
in proliferation of normal endothelial cells. Our results demonstrated the ability of
APES to migrate in a concentration-dependent manner without affecting viability or
proliferation (Figure 10).

Previous study revealed that the level of COX-2 expression increased with the
number of lines drawn through the culture in wounding endothelial cell monolayers
(Jiang et al., 2004). PGE2 showed to be more important in the early stages of wound
healing (Talwar et al., 1996) and involved in proliferation of 3T6 fibroblast cells and
promotion of collagen synthesis during wound healing (Sanchez et al., 2001).
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Figure 6. Effect of APES on cell migration in the presence of FBS. Cells was
wounded at a p200 pipette tip and incubated with APES for 6, 12 and 24 h. Results
were represented as (A) phase contrast microscopy of cells migrating into the denuded
area of the scratch wound; 10 x magnification. (B) The percentage of wound closure

were expressed as mean = S.E.M. (N =3, each performed in triplicate).
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Figure 7. Effect of APES on cell migration in the absence of FBS. The cells were
scratched vertically with p200 pipette tips. A phase contrast microscopy of the cells
migrating into the denuded area of the scratch wound; 10x magnification. The

migration was quantified by the Image J software.
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Figure 8. Concentration-dependent studies of APES on cell in the absence of FBS. A
confluent monolayer was scratched and then incubated with APES at the
concentrations of 12.5, 25, 50, 100 and 200 pg/mL for 6, 12 and 24 h in the absence
of FBS. Results were represented as the percentage of wound closure were expressed
as mean £ S.E.M. (N =3, each performed in triplicate). * p< 0.05 compared to the

untreated control.
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Figure 9. Concentration- and time-dependent studies of APES on cell proliferation.
The cells were treated with APES at the concentrations of 12.5, 25, 50, 100 and 200
pg/mL for 6, 12 and 24 h exposure in the (A) presence and (B) absence of FBS.
Viable cells were determined by MTT assay. Results were expressed as mean +

S.E.M. (N =3, each performed in triplicate). * p< 0.05 compared to the untreated

control.
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Figure 10. Comparison between cell migration and viability affected by APES in
absence of FBS. Treatment with APES at the concentrations of 25, 50 and 100 pg/mL
for 6 h, cell migration and viability were determined by in vitro scratch and MTT
assays. *p < 0.05 compared to the untreated control. Results were expressed as mean

+ S.E.M. (N =3, each performed in triplicate).
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Effect of APES on intracellular ROS level

Oxidative stress reduces both proliferation and migration of cells at wounded
edge by affecting the delay rate of wound repair (Schafer and Werner, 2008). Our
preliminary result by staining with DCFH-DA dye showed that ROS was observed
around the wounded area in the untreated control (Figure 11). However, APES did not
affect ROS level or cell death as measured by triple staining with DCFH-DA, Hoechst
33342 and PI. We therefore determined the effect of APES on intracellular ROS level
under normal cell condition using DCFH-DA assay. Treatment of unwounded cells
with APES at the concentrations of 25, 50, 100 and 200 pg/mL for 6 h significantly
decreased ROS in a concentration-dependent manner, exhibiting the percentage of
DCF fluorescence of 91.54 + 1.71, 86.61 + 0.49, 74.96 *+ 3.39 and 54.54 + 2.53%,
respectively (Figure 12A).

Previous study revealed that the 4',5-dihydroxy-3',6,7-trimethoxyflavone from
Artemisia asiatica decreased ROS levels in amyloid protein-induced oxidative stress
of PC12 cells (Heo et al., 2001). Additionally, the methanolic extract of the aerial part
of AP was found to scavenge radicals of DPPH and NO, exhibiting ECs, values of
292.7 and 204.61 pg/mL, respectively (Ruikar et al., 2011). Hence, a decrease in ROS
level was probably due to the presence of phenolic and flavonoid contents.
Phytochemical study of the aerial part of AP were found to be phenolic compounds
like gallic acid, chlorogenic acid, ferulic acid while flavonoids were kaempferol,
quercetin and rutin (Niranjan et al., 2009).

Thus, APES induced cell migration through a reduction of oxidative stress
(Figure 12B) leading to endothelial wound repair. We further elucidated whether a
decrease in ROS might be due to the activation of antioxidant enzyme activity such as
SOD, GPx and CAT.
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Figure 11. Representative triple-stained microscopic images of endothelial cells with
or without APES. The cells were treated with APES (25, 50 and 100 pg/mL) for 6 h
in the serum-free medium after wounding. The cells were stained with DCFH-DA (5
puM) at 37°C for 30 min, then washed with PBS and further incubated with Hoechst
33342 (10 pg/ml) and PI (10 pg/ml) at 37°C for 5 min. Photopraghs were taken
around wounded edge at 0 h under inverted microscope (10 x magnification). The
wounded area was monitored for repopulation of the void and photographed at 6 h

postwounding.
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Figure 12. (A) Concentration- dependent effects of APES-reduced intracellular ROS.
After 6 h incubation with APES, the cells were incubated with 5 pM DCFH-DA in
PBS for 30 min. The fluorescence intensity was monitored at 485 nm excitation and
535 nm emission. (B) Comparison between cell migration and reduction of ROS by
APES. *p < 0.05 compared to the untreated control. Results were expressed as mean

+ S.E.M. (N =3, each performed in triplicate).
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Effect of APES on antioxidant enzyme activity

To verify whether APES could affect antioxidant enzyme function in ECV304
cells, activities of SOD, GPx and CAT were investigated. APES at the concentration
of 25 ug/mL significantly enhanced SOD activity after incubation for 6 h, when
compared to control (Figure 13). Meanwhile, treatment of the cells with the APES at
the concentrations of 25, 50 and 100 pg/mL for 6 h did not change enzyme activities
of GPx (Figure 14) and CAT (Figure 15).

The result suggested that the increase of SOD would increase antioxidant
activity, the first line of defense against oxidative stress in our body (Rasheed et al.,
2010). Free radical scavenging activity of phenolic and flavonoid contents might play
a role in the ability of the APES to combat intracellular ROS level as previously
reported (Ruikar et al., 2011). The methanolic extract of AP exhibited radical
scavenging activities against DPPH (ECsp 292.7 pg/mL) due to the presence of
phenolic compoundsl, with ECs, value of 150.33+£1.5 pg/mL (Suresh et al., 2011).

SOD is a primary and important antioxidant enzyme capable of rapidly
reacting with superoxide anion and lowering cellular superoxide radicals. Our
unpublished result of cell-free system demonstrated that APES scavenged superoxide
radical, exhibiting an ECsy value of 75.29 + 4.65 pug/mL, which might be due to the
activation of SOD activity at cellular level. Our finding of APES attenuated
intracellular ROS (Figure 12) may thus be attributed to its enhancing superoxide
radical scavenging and SOD activities (Figure 13).

Effect of APES on intracellular nitric oxide level

Endothelial cells were shown to release NO, possessing antiplatelet
aggregation and vasorelaxation (Widlansky et al., 2003). We also investigated the
effect of APES on intracellular NO level using DAN method (Si et al., 1997; Hensley
et al., 2003). Analysis of a calibration curve of nitrite standard exhibited no difference
on intracellular NO level affected by APES at various antioxidant concentrations and

incubation times as compared to untreated control (Figure 16).
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Figure 13. Effect of APES on SOD activity. The cells were treated with APES at the
concentrations of 25, 50 and 100 pg/mL for 6 h. SOD activity was performed
according of commercially SOD assay kit. Results were expressed as mean £ S.E.M.
(N =3, each performed in triplicate). Significant difference at *p < 0.05 compared to

the untreated control.
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Figure 14. Effect of APES on GPx activity. The cells were treated with APES at the
concentrations of 25, 50 and 100 pg/mL for 6 h. (A) Calibration curve of NADPH at
the concentrations of 20, 40, 60, 80 and 100 nmol. (B) GPx activity induced by APES.
GPx activity was performed according of commercially GPx assay kit. Results were

expressed as mean £ S.E.M. (N =3, each performed in triplicate).
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Figure 15. Effect of APES on CAT activity. The cells were treated with APES at the
concentrations of 25, 50 and 100 pug/mL for 6 h. (A) Calibration curve of H,O at the
concentrations of 2, 4, 6, 8 and 10 nmol. (B) CAT activity induced by APES. The
cells were treated with APES at the indicated concentrations for 6 h. Results were

expressed as mean + S.E.M. (N =3, each performed in triplicate.
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Figure 16. Effect of APES on intracellular NO level in ECV304 cells. The cells were
treated with APES at the concentrations of 12.5, 25, 50, 100 and 200 ug/mL for 0.5,
1, 2 and 6 h. (A) Calibration curve of nitrite at the concentrations of 0.125, 0.25, 0.5,
1 and 2 uM. (B) Intracellular NO level induced by APES. Results were expressed as

mean £ S.E.M. (N =3, each performed in triplicate).
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Earlier reports showed that chronic treatment of dietary quercetin, also found
in the methanolic extract of AP (Niranjan et al., 2009), enhanced vascular eNOS
activity leading to an increase in intracellular NO in spontaneously hypertensive rats
(Sanchez et al., 2006). However, our result revealed that APES did not affect
intracellular NO level.

Effect of APES on COX activity

COX-2, a predominant isoform in human cerebral microvessels, is a major
contributor to the regulation of cerebral circulation under physiological and
pathophysiological conditions (Yakubu et al., 2005). We therefore investigated the
effect of APES on COX activity in endothelial cells. APES at the concentration of
100 ug/mL for 6 h significantly activated total COX activity (Figure 17A), which was
4-fold less potent than that enhanced SOD activity (Figure 13) To determine which
COX played a role in this activation, specific inhibitors of COX-1 (SC-560) and
COX-2 (DuP-697) were then used. The result showed that activation of both COX-1
and COX-2 activities were significantly observed in APES-treated cells (Figure 17B).

Previous study revealed that the COX-2 has a critical role in angiogenesis,
while the production of PGE2 also underlies the angiogenic effects of vascular
endothelial cell growth factor and basic fibroblast growth factor (Jiang et al., 2004).
Earlier reports showed that several antioxidant bioflavonoids like quercetin served as
a physiological cofactor for the stimulation of COX-1 and COX-2 mediated
conversion of arachidonic acid to prostaglandins and thromboxanes (Bai et al., 2008).
Moreover, the acetone extract of AP indicated potent anti-inflammatory activity in 12-
O-tetradecanoy! phorhol-13-acetate induced ear edema in mice (Ruikar et al., 2011).

Taken all together, APES significantly enhanced human endothelial cell
proliferation and migration due to the stimulation of COX-1 and COX-2 activities
(Table 5). Additionally, APES also modulated intracellular ROS level due to an
increase in SOD activity.
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Figure 17. Effect of APES on COX activity. (A) The cells were treated with APES at
the indicated concentration for 6 h. (B) The cell lysates were calorimetrically assayed
for COX activity using an assay kit in the absence or presence of either COX-1
specific inhibitor (SC-560) or COX-2 specific inhibitor (DuP-697). Results were
expressed as mean + S.E.M. (N =3, each performed in triplicate). *p < 0.05 compared

to the untreated control.



Table 5. Summary of the biological activities of APES on ECV304 cells.

APES (ug/mL)
Biological activity

125 25 50 100 200

Endothelial proliferation + + + + -
Endothelial wound repair - + + + -
Intracellular ROS (decrease) - + + + +
SOD activity (activation) ND + - - ND
GPx activity ND - - - ND
CAT activity ND - - - ND
Intracellular NO - - - - -
COX-1 activity (activation) ND - - + ND
COX-2 activity (activation) ND - - + ND

- negative effect; + positive effect; ND not determine
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Chemical profile of APES

Overall results revealed that APES induced endothelial wound repair via cell
migration, proliferation and reduction of oxidative stress. Radical scavenger of DPPH
and NO in the methanolic extract of the aerial part of AP was due to the presence of
rutin and quercetin (Niranjan et al., 2009) and of A. vulgaris was due to eriodictyol,
luteolin and apigenin (Lee et al., 1998). We therefore determined the chemical profile
of APES as compared with standard flavonoids. The UV/Vis spectroscopic
measurements were carried out at the spectral range from 190 to 800 nm. The analysis
of APES and standard flavonoids including rutin, eriodictyol, luteolin, quercetin and
apigenin were measured in quartz cuvettes at a distance of 1 mm. The UV spectra of
APES and standard of rutin, eriodictyol, luteolin, quercetin and apigenin presented the
maximum UV absorption (Anax) at wavelengths of 272, 258, 288, 350, 372 and 268
nm, respectively (Table 6). The majority of Am.x near at 270 nm (Figure 18) was
utilized for HPLC analysis. Various retention times of rutin, eriodictyol, luteolin,
quercetin and apigenin were 29.18 + 0.02, 38.30 + 0.03, 38.72 + 0.02, 38.96 £ 0.03
and 42.13 = 0.02 min, respectively (Figure 19, Table 6). HPLC profile of APES
compared with the standard flavonoid mixture (Figure 20) showed a minute quantity
of flavonoids present in APES (Table 7).

The calibration curve used to calculate the rutin content in the extracts was
expressed by the following linear equation: y = 30,000,000x + 613.3; R2 = 1.00.
Linearity was observed between rutin content and peak height. The result revealed
that rutin content in APES was 0.70 + 0.10 pg/mg of extract. The calibration curve of
eriodictyol was expressed by the following linear equation: y = 40,000,000x + 83.032;
R2 = 1.00. The result revealed that eriodictyol content in APES was 0.98 + 0.07
pg/mg of extract. The calibration curve of luteolin was expressed by the following a
linear equation: y = 60,000,000x - 4010.1; R? = 0.9997. The result revealed that
luteolin content in APES was 2.51 = 0.06 pg/mg of extract. The calibration curve of
quercetin was expressed by the following linear equation: y = 50,000,000x - 817.81;
R2 = 0.9997. The result revealed that quercetin content in APES was 0.68 + 0.12
pg/mg of extract. The calibration curve of apigenin was expressed by the following
linear equation: y = 70,000,000x + 4975.5; R? = 0.9998. The result revealed that
apigenin content in APES was 3.43 £ 0.15 pg/mg of extract.
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Table 6. Summary of wavelength at maximum absorbance and retention time

obtained from UV spectra and HPLC chromatograms, respectively.

Sample Amax (NM) Retention time (min)
Rutin 206 and 258 29.18 £ 0.02
Eriodictyol 288 38.30 £ 0.03
Luteolin 208, 254 and 350 38.72 £ 0.02
Quercetin 204, 256 and 372 38.96 + 0.03
Apigenin 210, 268 and 334 42.13 £ 0.02

APES

272 and 328
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Figure 18. UV spectra of (A) APES and (B) standard flavonoids of (1) rutin, (2)
eriodictyol, (3) luteolin, (4) quercetin and (5) apigenin.
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Figure 19. HPLC chromatogram of (A) rutin, (B) eriodictyol, (C) luteolin, (D)

quercetin and (E) apigenin monitored at 270 nm.
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Figure 20. HPLC fingerprint obtained from (A) APES as compared with (B) standard
flavonoids of (1) rutin, (2) eriodictyol, (3) luteolin, (4) quercetin and (5) apigenin
monitored at 270 nm.



Table 7. Flavonoid contents found in APES.

) Retention time pg/mg of pg/mg of dried

Flavonoid )

(min) extract crude drug

Rutin 29.15+£0.01 0.70£0.10 0.04 £0.01

Eriodictyol 38.28 + 0.01 0.98 + 0.07 0.05 +0.00

Luteolin 38.71 £ 0.02 2.51+0.06 0.13£0.00

Quercetin 39.10 £ 0.01 0.68 +0.12 0.03+0.01

Apigenin 42.11 +£0.01 3.43+0.15 0.17+0.01
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Previous study revealed the chemical profile of AP extracted with 50%
methanol-water using HPLC-UV/MS/MS. The mobile phase was 1% aqueous with
acetic acid and acetonitrile and monitored at 254 nm. The presence of polyphenols
such as gallic, protocatechuic acid, chlorogenic acid, caffeic acid, ferulic acids, rutin,
quercetin, and kaempferol was observed and the amount of rutin was 0.11% w/w
(Niranjan et al., 2009). Additionally, the amount of quercetin in A. annua ranged from
0.31 to 0.44 pg/mL using HPLC method (Parial et al., 2009). Eriodictyol and luteolin
contents, the most abundant flavonoids in A. vulgaris, were 40 mg/kg of dried plant
material, while the amount of apigenin was 5 mg/kg of dried plant material (Lee et al.,
1998).

Thus, these flavonoids might be used as standard markers for quality control

of the herbal formulations containing AP.



CHAPTER YV

CONCLUSION

In the present study, quality control of nine crude drugs in Phikud Navakot, i.e.
roots of Angelica dahurica (AD), Angelica sinensis (AS), Saussurea costus (SC),
rhizomes of Atractylodes lancea (AL), Ligusticum chuanxiong (LC), Picrorhiza kurroa
(PK), roots and rhizomes of Nardostachys jatamansi (NJ), aerial parts of Artemisia
pallens (AP) and galls of Terminalia chebula (TC) was evaluated according to Thai
Herbal Pharmacopoeia. The result was well correlated with those of the authenthic
samples. The extraction of all nine herbs using either 50% ethanol or water showed that
the lowest yield was obtained from both ethanol and water extracts of NJ while the
highest yield was from the ethanol extract of TC. Endothelial cell proliferation of each
herbal extracts using MTT assay showed that only the ethanolic extracts of AP (0.01
ug/mL) and LC (10 ug/mL) significantly increased cell proliferation in a concentration-
dependent manner. Cell proliferation affected by APES was more potent than LCES.
APES was therefore selected for cell migration study using the in vitro scratch assay.
APES (25 pg/mL) in a serum-free condition for 6 h significantly increased cell migrating
into wounded area in a concentration-dependent manner (Figure 21A). APES (25 pg/mL)
for 6 h significantly decreased ROS in a concentration-dependent manner. The result
demonstrated that APES enhanced endothelial cell migration into wounded area through
the attenuation of ROS while damaged endothelial cells could be replaced through
replication treatment of the surrounding endothelial cell. A decrease in ROS level
affected by APES (25 pg/mL) for 6 h treatment was due to the activation of SOD activity
but not GPx or CAT. APES at higher concentration (100 pg/mL) for 6-h incubation
significantly activated both COX-1 and COX-2 activities without affecting the NO
production. HPLC profile of APES showed the presence of apigenin higher than other
flavonoid content, i.e. eriodictyol, luteolin, quercetin and rutin (Figure 21B).

To the best of our knowledge, this is the first report showing that short exposure to

the ethanolic extract of Artemisia pallens promoted migration of endothelial cells into



60

(A)
Damaged
codothelial cclls
0,505y o CATS Y o
L-arginine "‘_N-Us—):\]{}
@ negative effect @ positive effect
(B)
180-
2 100
E
o
= -
m
E -
2 b5H
£ -
. j‘k
0_-_F .J‘ --—-.—-"\__A-FAL"‘
L T T T T T T T L] T T T T T T T T T 7 T T T T T T T - T + 1
0 10 20 0 40 50 80

Retention time (minl

Figure 21. (A) Summary of biological activities of APES in ECV304 cells. (B) HPLC
chromatogram of APES showing (1) rutin, (2) eriodictyol, (3) luteolin, (4) quercetin and
(5) apigenin.
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wounded area probably through the activation of COX-1 and COX-2 activities in a nitric
oxide-independent pathway. Meanwhile, long exposure to APES promoted proliferation
in normal endothelial cells through activating SOD activity, resulting in oxidative stress
relief. Thus, aerial parts of Artemisia pallens, one of nine herbs in Phikud Navakot, might

play an important role in angiogenesis process for the treatment of circulatory disorder.
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APPENDIX A
PREPARATION OF REAGENTS

Bradford reagent

To prepare 1,000 mL of Bradford reagent, the ingredients including 50 mg
Coomasie Brilliant Blue G-250, 50 mL of 85% phosphoric acid and 25 mL of
methanol were mixed and adjusted volume to 500 mL with ultrapure water. Store the
solution in the dark at 4° C.

0.05 mg/mL DAN solution
DAN was freshly prepared before used. 0.05 mg of DAN was dissolved in
0.62 M HCI and protected from light.

5 uM DCFH-DA solution
To prepare 1 mL of 5 uM DCFH-DA, 0.49 mg of DCFH-DA was dissolved in
DMSO and then aliquot into 0.1 mL/tube and store the solution at -20 °C.

1 mM EDTA solution
To prepare 20 mL of 1 mM EDTA, 7.44 mg of EDTA was dissolved in 20 mL

of ultrapure water and store the solution at room temperature.

Growth medium of ECV304 cells

M199 medium powder was dissolved with ultrapure water and the 2.2 g
sodium hydrogen carbonate was added. The medium was mixed and adjusted pH to
7.2 - 7.4 with HCI. After that, the medium was then adjusted volume to 1,000 mL
with ultrapure water. The medium was sterilized by filtration with 0.22 um Bottle-
Top Vacuum Filters. Before using, the medium was supplement with 1% penicillin

and streptomycin and 10% FBS or 0% FBS under serum-free condition.

Hoechst 33342 staining solution
Hoechst 33342 was dissolved in PBS and then aliquot into 0.1 mL/tube and

store the solution at -20 °C.
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0.62 M HClI solution
To prepare 100 mL of 0.62 M of HCI, 6.11 mL of HCI was mixed with 93.89

mL of ultrapure water and store the solution at room temperature.

0.4 mg/mL MTT solution
MTT was freshly prepared before used. 0.4 mg of MTT was dissolved in the

incomplete medium and protected from light.

0.28 M NaOH solution
To prepare 50 mL of 0.28 M of NaOH, 5.6 g of NaOH was dissolved in

ultrapure water and store the solution at room temperature.

Phosphate Buffer Saline (PBS)

To prepare 1,000 mL of PBS, The ingredients of PBS solution including 8.00
g of NaCl, 0.20 g of KCI, 1.15 g of Na,HPO, and 0.20 g of KH,PO, were dissolved in
ultrapure water and adjusted the pH to 7.2-7.4 with NaOH. The solution was adjusted
the volume to 1,000 mL and sterilized by autoclave.

Propidium iodide staining solution
Propidium iodide was dissolved in PBS and then aliquot into 0.1 mL/tube and

store the solution at -20 °C.

Sodium nitrite standard
Sodium nitrite was freshly prepared before used. 0.69 mg of sodium nitrite
was dissolved in ultrapure water. Dilute known amount of sodium nitrite with

ultrapure water to make a series of sodium nitrite.

0.1 M Tris-HCI, pH 7.8

To prepare 100 mL of 0.1 M Tris-HCI pH 7.8 buffer, 12.11 g of Tris-base
was dissolved in 80 mL of ultrapure water. Adjust to pH 7.8 with HCI and adjust the
total volume to 100 mL. Store the buffer at 4° C.
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0.25% Typsin/ 0.038% EDTA solution

To prepare 100 mL of trypsin/EDTA solution, 0.250 g of trypsin and 0.038 g
of EDTA were dissolved in PBS. The solution was sterilized by filtration with 0.22
pum syring filter.
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APPENDIX B
TABLE OF EXPERIMENTAL RESULTS

Table 8. The percentage of cell viability of AD at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three
independent experiments. Each performed in triplicate.

concentration % cell viability

(ng/mL) ADES ADWS
0.001 99.91 + 3.06 92.1+0.34
0.01 96.02 + 4.18 89.57 +1.22
0.1 97.25 + 6.61 87.59 + 2.22
1 94.4 +7.91 90.85 + 1.82
10 100.01 +6.79 90.72 + 1.62
100 100.51 + 5.79 93.76 + 1.77

Table 9. The percentage of cell viability of AL at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three

independent experiments. Each performed in triplicate.

concentration % cell viability

(ug/mL) ALES ALWF
0.001 103.31  4.82 100.02 * 3.83
0.01 94.65 + 5.03 99.61 + 4.3
0.1 91.79 + 6.08 98.77 + 1.31
1 94.12 +7.88 101.16 + 0.92
10 93.38 + 8.84 100.47 + 2.18
100 100.84 + 9.14 103.99 + 2.38




Table 10. The percentage of cell viability of AP at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three
independent experiments. Each performed in triplicate. *p < 0.05 compared to the

untreated control.

concentration % cell viability

(ug/mL) APES APWS
0.001 99.81 £ 0.75 90.81 + 1.25
0.01 110.58 + 2.32* 86.20 + 3.56
0.1 113.57 £ 1.45% 92.16 + 3.25
1 112.45 + 1.17* 88.64 + 2.29
10 115.64 + 1.70% 88.45 + 2.42
100 107.87 + 2.467 97.95 + 3.48

Table 11. The percentage of cell viability of AS at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three

independent experiments. Each performed in triplicate.

concentration % cell viability

(ng/mL) ASES ASWS
0.001 98.2 +£1.59 105.88 + 1.68
0.01 96.36 + 1.07 101.65 + 0.37

0.1 99.73 £+ 1.67 102.11 + 0.46

1 99.63 +£0.79 102.9£1.33
10 98.51 +2.27 105.82 £ 1.95
100 104.41 £ 0.41 102.87 £ 0.61




Table 12. The percentage of cell viability of LC at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three
independent experiments. Each performed in triplicate. *p < 0.05 compared to the

untreated control.

concentration % cell viability

(ug/mL) LCES LCWS
0.001 110.54  2.52 105.73 £ 5.12
0.01 106.99 + 3.3 105.62 + 4.77

0.1 107.16 + 2.91 103.57 + 3.25

1 106.63 + 2.61 103.17 + 2.63
10 107.96 + 3.77* 105.22 + 3.93
100 113.18 + 2.04* 110.07 + 2.81

Table 13. The percentage of cell viability of NJ at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three

independent experiments. Each performed in triplicate.

concentration % cell viability

(ng/mL) NJEF NJWF
0.001 88.53 + 6.93 101.16 + 2.34
0.01 81.62 + 4.96 95.09 + 2.62
0.1 81.22 +2.2 90.25 + 2.61
1 77.37 +4.88 94.14 + 35
10 82.77 +2.59 92.58 + 4.83
100 84.96 + 2.95 92.31+3.7
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Table 14. The percentage of cell viability of PK at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three

independent experiments. Each performed in triplicate.

concentration % cell viability

(ug/mL) PKES PKWS
0.001 93.25 + 2.86 96.62 £ 2.41
0.01 85.17 +5.12 94.43 + 2.48
0.1 83.75+ 4.6 90.36 + 3.26
1 82.78 £1.95 93.71 + 4.93
10 88.12 + 1.69 93.72 + 4.48
100 88.31 + 2.4 96.07 + 3.42

Table 15. The percentage of cell viability of SC at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three
independent experiments. Each performed in triplicate.

concentration % cell viability

(ng/mL) SCES SCWF
0.001 90.83 + 1.89 88.74 £ 1.43
0.01 87.44 +0.98 85.11 + 2.05

0.1 90.16 + 1.65 82.40 + 2.61

1 89.06 + 3.81 81.91 +2.81
10 87.49 + 3.37 86.08 + 4.09
100 89.74 + 2.35 88.00 + 5.02




Table 16. The percentage of cell viability of TC at various concentrations for 24 h
measured by MTT assay. Each value represented the mean + S.E.M. of three

independent experiments. Each performed in triplicate.

concentration % cell viability

(ug/mL) TCES TCWS
0.001 88.17 £ 1.97 81.9 £ 2.95
0.01 84.00 + 4.95 78.13+3.75

0.1 81.57 + 4.68 75.87 + 4.48

1 82.85 +7.28 76.85 + 2.09
10 85.55 + 6.16 79.32 £ 4.78
100 86.78 + 8.84 81.13+ 851

Table 17. Time-dependent study of cell migration of APES with FBS for 6, 12 and 24
h measured by in vitro scratch assay. Each value represented the mean £ S.E.M. of

three independent experiments. Each performed in triplicate.

APES % wound closure

(ng/mL) 6h 12 h 24 h
control 28.49 + 3.37 67.13 £ 9.97 97.15+2.85
125 30.60 + 2.05 68.47 + 8.45 91.94 + 8.06
25 29.95+2.75 67.61 +7.07 97.67 £2.33
50 27.22+0.90 62.45 + 5.58 99.44 +0.32
100 25.65+1.35 58.06 + 3.34 99.41 £ 0.59
200 29.93 +£1.50 61.41 +1.22 08.12 +1.68




Table 18. Time-dependent study of cell migration of APES without FBS for 6, 12 and
24 h measured by in vitro scratch assay. Each value represented the mean £ S.E.M. of
three independent experiments. Each performed in triplicate. *p < 0.05 compared to

the untreated control.

APES % wound closure

(ng/mL) 6h 12 h 24 h

control 18.24 +1.96 32.28 +2.84 59.43 +6.83
12.5 22.30 £ 2.55 33.62+4.16 56.70 £ 7.24
25 28.61 + 1.92* 40.19 £ 2.46 60.26 + 8.86
50 27.41 + 1.69* 35.56 + 1.56 4523 £5.50
100 26.74 + 3.34* 31.18 +4.68 33.00 £10.13
200 14.30 £ 0.60 17.28 +1.20 18.17 +1.30

Table 19. Time-dependent study of cell viability of APES with FBS for 6, 12 and 24
h measured by MTT assay. Each value represented the mean + S.E.M. of three
independent experiments. Each performed in triplicate. *p < 0.05 compared to the

untreated control.

APES % cell viability

(ng/mL) 6h 12 h 24 h

control 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00
12.5 95.93 +2.64 105.16 £ 1.97* 108.79 + 3.36*
25 99.51 + 3.57 105.37 £ 0.92* 109.47 £ 2.41*
50 100.22 + 2.27 104.57 £ 0.27* 110.33 £ 3.14*
100 98.54 + 2.36 106.55 + 1.00* 111.67 £ 1.81*
200 102.11 £ 2.30 104.46 + 1.38* 107.74 £ 1.77*




Table 20. Time-dependent study of cell viability of APES without FBS for 6, 12 and
24 h measured by MTT assay. Each value represented the mean + S.E.M. of three

independent experiments. Each performed in triplicate.

APES % wound closure

(ng/mL) 6h 12 h 24 h

control 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00
12.5 97.39+1.92 94.60 + 3.00 97.87 £2.47
25 97.26 +£1.85 095.51+242 101.20 £ 2.06
50 97.82 £ 1.00 98.32 + 2.96 10291+ 142
100 100.00 + 1.20 99.76 + 3.14 97.79 £ 3.05
200 98.96 + 2.52 96.31 +6.30 96.26 + 2.34

Table 21. The percentage of DCF fluorescence of APES at various concentrations for
6 h measured by DCFH-DA assay. Each value represented the mean + S.E.M. of three
independent experiments. Each performed in triplicate. *p < 0.05 compared to the

untreated control.

APES (ng/mL) % DCF fluorescence

control 100.00 £ 0.00
12,5 93.38 £ 2.63
25 90.14 + 2.43*
50 87.87 £ 1.74*
100 85.19 + 2.01*

200 85.35+ 1.17*
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Table 22. Concentration-dependent study of APES on SOD activity in ECV304 cells
for 6 h. Each value represented the mean £ S.E.M. of three independent experiments.

Each performed in triplicate. *p < 0.05 compared to the untreated control.

SOD activity
APES (pg/mL) ]
(U/mg protein)

control 7.33+0.22
25 9.11 + 0.42*
50 8.38 £ 0.47
100 7.14+0.41

Table 23. Calibration curve of NADPH. Each value represented the mean + S.E.M. of

three independent experiments. Each performed in triplicate.

NADPH
OD340
(nmol)
0 0.00 £0.00
20 0.23+£0.01
40 0.43+£0.02
60 0.64 £ 0.03
80 0.91+£0.04

100 1.09 +£0.04
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Table 24. Concentration-dependent study of APES on GPx activity in ECV304 cells
for 6 h. Each value represented the mean £ S.E.M. of three independent experiments.

Each performed in triplicate.

APES GPx activity
(ng/mL) (9)] (U/mg protein)
control 62.77 +3.32 6.98 + 0.40
GPx Positive 127.51 £ 15.43 -
25 67.99 £ 2.93 7.83+0.11
50 61.86 + 3.43 8.10+0.74
100 58.35 + 1.59 7.01+0.85

Table 25. Calibration curve of H,O,. Each value represented the mean + S.E.M. of

three independent experiments. Each performed in triplicate.

H,0, (nmol) ODs79
0 0.00 £ 0.00
20 0.21 £0.02
40 0.50 £ 0.02
60 0.75 £ 0.06
80 1.03 +0.05

100 1.25+0.04
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Table 26. Concentration-dependent study of APES on CAT activity in ECV304 cells
for 6 h. Each value represented the mean £ S.E.M. of three independent experiments.

Each performed in triplicate.

APES CAT activity
(ng/mL) (9)] (U/mg protein)
control 17.48 £2.19 1.91+0.31
CAT Positive 30.96 £5.20 -
25 17.86 + 2.48 2.09+£0.36
50 19.48 + 2.63 2.25+0.30
100 19.22+251 2.22£0.41

Table 27. Calibration curve of NO, . Each value represented the mean + S.E.M. of

three independent experiments. Each performed in triplicate.

NO,™ (UM) RFU 365 nm/ 450 nm
0 0.00 £ 0.00
0.125 5970.00 £ 93.76
0.25 9946.00 £ 181.01
0.5 14516.00 + 884.46

1 26882.00 + 631.62

2 51235.00 + 1854.44
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Table 28. Time-dependent study of APES on NO, production for 0.5, 1, 2 and 6 h
measured by DAN assay. Each value represented the mean = S.E.M. of three

independent experiments. Each performed in triplicate.

APES NO,™ (uM)
(ng/mL) 05 1 2 6

control 100.00 £0.00  100.00 +0.00 100.00+0.00 100.00 +0.00

12.5 100.04 £0.99 101.50+1.02 99.63+1.33 99.33+0.73
25 101.05+2.06  99.37+£0.36 99.99+1.76  98.57 £ 0.50
50 106.20+7.52 99.97+1.11 100.81+1.26 98.35+0.81
100 97.95+4.12  100.98+0.95 101.92+1.07 100.26 +0.59
200 99.44+295  101.50+0.80 106.23+3.75 101.21+0.54

Table 29. Concentration-dependent study of APES on COX activity in ECV304 cells
for 6 h. Each value represented the mean £ S.E.M. of three independent experiments.

Each performed in triplicate. *p < 0.05 compared to the untreated control.

COX activity

APES (ug/mL
(hg/mL) (U/mg protein)

control 11.35+0.47
COX positive 72.11+2.85
25 9.75+0.98

50 14.34 +1.17

100 19.42 + 0.53*
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Table 30. Concentration-dependent study of APES on COX-1 and COX-2 activities
in ECV304 cells for 6 h. Each value represented the mean = S.E.M. of three

independent experiments. Each performed in triplicate. *p < 0.05 compared to the
untreated control.

APES (U/mg protein)
(ng/mL) COX-1 COX-2
control 2.49 +0.15 2.85+0.23
25 1.82+0.22 2.06 £0.24
50 2.07+£0.27 2.29+0.25

100 3.51 + 0.59* 3.32+0.33*
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APPENDIX C
FIGURE OF EXPERIMENTAL RESULTS

Figure 22. Thin-layer chromatograms of AD (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
toluene: ethyl acetate: acetic acid (75:25:5). Lanel = sample of AD, 2 = Authentic
sample of Angelica dahurica (Fish.) Benth. & Hook, 3 = standard of imperatorin, 4=

ADES, 5 = ADWS
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Figure 23. Thin-layer chromatograms of AL (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
hexane: ethyl acetate (58:42). Lanel = sample of AL, 2 = Authentic sample of
Atractylodes lancea (Thunb.) DC., 3 = ALES, 4 = ALWF
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Figure 24. Thin-layer chromatograms of AP (left: detection with anisaldehyde —
sulfuric acid, right: detection under UV 366 nm) stationary phase = silica gel 60 F254,
mobile phase = hexane: acetone (56:44). Lanel = sample of AP, 2 = Authentic sample

of Artemisia vulgaris L., 3 = standard of arteminin, 4 = APES, 5 = APWS
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Figure 25. Thin-layer chromatograms of AS (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
toluene: ethyl acetate: formic acid (86:14:5). Lanel = sample of AS, 2 = Authentic
sample of Angelica sinensis (Oliv.) Diels, 3 = standard of ferulic acid, 4 = ASES, 5 =

ASWS
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Figure 26. Thin-layer chromatograms of LC (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
toluene: ethyl acetate: formic acid (86:14:5). Lanel = sample of LC, 2 = Authentic
sample of Ligusticum chuanxiong Hort., 3 = standard of ferulic acid, 4 = LCES, 5 =

LCWS
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Figure 27. Thin-layer chromatograms of NJ (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
hexane: ethyl acetate: acetic acid (70:30:1). Lanel = sample of NJ, 2 = Authentic
sample of Nardostachys jatamansi (D. Don) DC., 3= NJEF, 4 = NJWF
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Figure 28. Thin-layer chromatograms of PK (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
chloroform: ethyl acetate: methanol: ammonia (50:30:20:1). Lanel = sample of PK, 2
= Authentic sample of Picrorhiza kurrooa Royle ex Benth., 3 = standard of vanillic

acid, 4 = PKES, 5 = PKWS



Figure 29. Thin-layer chromatograms of SC (left: detection under UV 254 nm, right:
detection under UV 366 nm) stationary phase = silica gel 60 F254, mobile phase =
dichloromethane: ethylacetate: methanol: ammonia (60:20:20:2). Lanel = sample of

SC, 2 = Authentic sample of Saussurea costus (Falc.) Lipsch., 3 = SCES, 4 = SCWF
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Figure 30. Thin-layer chromatograms of TC (detection under UV 254 nm) stationary
phase = silica gel 60 F254, mobile phase = hexane: ethyl acetate: acetic acid
(70:30:1). Lanel = sample of TC, 2 = Authentic sample of Terminalia chebula Retz.
var chebula, 3 = standard of gallic acid, 4 = TCES, 5= TCWS
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Figure 31. Calibration curve of (A) rutin, (B) eriodictyol, (C) luteolin, (D) quercetin
and (E) apigenin. Results were expressed as mean + S.E.M. (N =3, each performed in

triplicate).
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