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ABSTRACT

Kaempferia parviflora (KP) Wall.Ex Baker or black ginger belongs to the family
Zingiberaceae, found in the northern part of Thailand. Its rhizome has been used in folk medicine
for health promotion. To date, a number of investigations have claimed therapeutic benefit such
as: aphrodisiac, anti-inflammatory, anti-hypertensive, cardioprotective, and antiobesity effects.
Yorsin et al., 2014 also found that consumption of dichloromethane extract of the KP rhizomes
(KPD) by middle-aged male rats caused some beneficial changes in cardiovascular parameters,
decreased body fat and up-regulated NO. KPD is poorly water soluble. Thus the present study
aimed to enhance the KPD dissolubility by solid dispersion method using Kollicoat® IR (PVA-
co-PEG) (K) as an excipient. Pharmacokinetic of the product in the in vivo experiment on adult
male rats and its biological activities in the middle-aged male rats were also investigated.

Solid dispersion of the KPD was prepared by dissolving KPD and K (1 g per 5 mL
dichloromethane) separately and then mixing together at a 1: 1 ratio after dryness to yield
homogeneous, powder solid dispersion of KPD (K-KPD). The in vivo pharmacokinetics of the K-
KPD were studied in mature male rats by oral gavage of the K-KPD and blood collected from
left carotid artery of the anesthetized rat at 0, 30, 60, 90, 120, 180, 240 and 360 min and using the
major components of the KPD: PMF, DMF and TMF as markers. Biological activities of the K-
KPD were studied in middle-aged male rats after six weeks of oral gavage 200 mg/kg K-KPD, K
(100 mg/kg) or distilled water (DW), twice a day.

The pharmacokinetic study found that the three major compounds reached their peaks at
90 min after oral gavage of the K-KPD and the concentration of the DMF and TMF were about
two-fold that of PMF. Biological activities of the K-KPD, in comparison to control group (DW),

K did not affect any of the study parameters. K-KPD caused decreases in body fat and liver cell
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lipid accumulation, plasma level of glucose and triglycerides, plasma level of alkaline
phosphatase, and blood platelets count. K-KPD did not affect basal blood pressure or heart rate in
anesthetized rats. K-KPD causes decreased maximal contractile response of thoracic aortic rings
to phenylephrine, and this effect disappeared in the presence of DL-propargylglycine (PAG) or
by removal of the vascular endothelium but not N-nitro-L-arginine (L-NA). K-KPD potentiated
vasodilatation of the aortic ring precontracted with phenylephrine to acetylcholine and glyceryl
trinitrate, and these effects were abolished by PAG. Western blot analysis showed an increase in
blood vessel CSE, but not eNOS protein expression.

Conclusion: Taken together, Kollicoat did not affect the beneficial cardiovascular health
parameters of the KPD, except for the mechanism of the vascular function, which was found to
cause increased blood vessel H,S instead of the NO. K-KPD did not have any adverse effects on
internal organ gross toxicity, liver and kidney functions, or on blood cells. Thus, the K-KPD
would be a novel health product to prolong cardiovascular health functions in human. Further
development of the K-KPD in a dosage form as tablets or capsules for convenient human

consumption would be worthwhile.

Keywords: Kaempferia parviflora Wall. Ex. Baker, Pharmacokinetics, Cardiovascular systems,

Hydrogen sulfide (H,S)
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ALT

AST

BP

BSA

BUN
C,oH;(N,Oq
C,H.,OH
C,HF,0,
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Ca”’
CBC
cAMP
CH,CI,
CH,CN
CH,0H
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CSE

DMF
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microliter

adenylate cyclase

acetylcholine

asymmetrical dimethyl arginine
alanine aminotransferase
aspartate aminotransferase
blood pressure

bovine serum albumin

blood urea nitrogen

ethylene damine tetra acid; EDTA
ethanol

trifluoroacetic acid; TFA
glycerol

calcium ions

complete blood count

cyclic adenosine monophosphate
dichloromethane

acetonitrile

methanol

creatinine
cystathionine-Y-lyase

5,7-dimethoxyflavone
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DMSO
DW
EDHF
EDRF
EGF
eNOS

ET

GC
GTN
GTP
HCI
ICAM-1
iNOS

IP,

KCl
kg
KH,P0,
KPD
LD,

L-NA

YY) J

fdonazdyanyal (,o)

dimethyl sulfoxide

distilled water

endothelium-derived hyperpolarizing factors
endothelium-derived relaxing factor
epidermal growth factor

endothelial nitric oxide synthase, endothelial type
endothelin

gram

guanylate cyclase

glyceryl trinitrate

guanosine triphosphate

hydrochloric acid

intercellular adhesion molecule 1

inducible nitric oxide synthase, inducible type
inositol triphosphate

potassium ions

potassium chloride

kilogram

monopotassium phosphate

Kaempferia parviflora rhizome-dichloromethane extract

50% lethal dose

N -nitro-L-arginine
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L-NAME
L-NMMA
MCP-1
MCSF
mg

ml

MLCK

NaCl
NADPH
NF-kB
nNOS
NO
NOS
PAG
PDE
PDGF
PGFzq
PGH,
PGI,
Phe

PKA
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fdonazdyanyal (,o)

L-nitroso arginine methylester
L-NG-monomethyl arginine
monocyte chemotactic protein- 1
macrophage colony-stimulating factor
milligram

milliliter

myosin light chain kinase

sodium

sodium chloride

reduced nicotinamide-adenine dinucleotide phosphate
nuclear factor-kappa B

neuronal nitric oxide synthase, neuronal type
nitric oxides

nitric oxide synthase
DL-popragylglycine
phosphodiesterase

platelet-derived growth factor
prostaglandin Faq

prostaglandin H,

prostacyclin

phenylephrine

protein kinase A
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SDS
SERCA
sGC
SGOT
SGPT
TBH,
TMF
TNF-O
TXA,
VCAM-1
Ww:V

W: W

YY) J

fdonazdyanyal (,o)

protein kinase G

phospholipase C
3,5,7,3",4"-pentamethoxyflavone

peroxisome proliferator-activated receptor gamma
renin- angiotensin system

reactive oxygen species

revolutions per minute

sodium dodecyl sulfate

sarco/endoplasmic reticulum calcium ATPaes
soluble guanylyl cyclase

serum glutamic-oxaloacetic transaminase
serum glutamate-pyruvate transaminase
tetrahydrobiopterin

5,7,4 -trimethoxyflavone

tumor necrosis factor-O

thromboxane A,

vascular cell adhesion molecule 1

weight: volume

weight: weight

(18)
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9) 3,5,7,4'- tetramethoxyflavone

11) 3,5,7,3",4"-pentamethoxyflavone

oH 0

5-hydroxy-7-methoxyflavone

5-hydroxy-3,7,3 ,4 -tetramethoxyflavone

OCH,
HzC0 ﬂ\/g
0OCH,

OGH; ©

5,7,3",4 -tetramethoxyflavone

H4CO.

5-hydroxy-3,7-dimethoxyflavone

0CH,

3,5,7,3",4 -pentamethoxyflavone

10) 5,7,3,4-tetramethoxyflavone

HyCO L4

QOCH, O

5,7-dimethoxyflavone

HyE0

5-hydroxy-7,4 -dimethoxyflavone

OCH,

OCH,
OCHy O

3,5,7,4 - tetramethoxyflavone
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2. nuuﬁ’ﬂmmzmemﬁaﬂ (Cardiovascular system)
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2.2 vinoAlaon (blood vessel)
A I 9 ~ v o Y A o A A
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o 1 dy 1 1 o I 9 Y A Y] 1
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Pulmonary circuit

Systemic circuit
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Elastic artery

Tunica externa

Tunica media

Tunica intima

Endothelium

/

Muscular artery

—— Tunica intima

Tunica externa
Tunica media

Endothelium

Arteriole

Tunica externa
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<
Endothelium —‘QW

Capillary
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(N http://www .brainkart.com/article/Structure-of-blood-vessels_33216/)

HuAUTUR 9 ngeIMew 2563)
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TUNICA INTERNA:
Endothelium

Basement membrane

Internal elastic lamina

TUNICA MEDIA:
Smooth muscle

External elastic lamina

TUNICA EXTERNA

Lumen Lumen

Artery Vein
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(“ﬁlﬂ: https://www.anatomynote.com/human-anatomy/blood-supplement/artery-vein-

and-capillary-anatomical-structure-in-detail/) Gl VAUTUR 9 Wqﬁamﬂu 2563)
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2.2.3 puaniABanave wiisasaiaen

1) ANNEINIAIUMHAVENEIAZANNYVDIHADAIADA (Vascular
distensibility and compliance)
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(Kamiya et al., 1984; Papaioannou and Stefanadis, 2005)
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o o d a = d a
zimydoalszauvesnuueIlauUATIANU (thick filament) tazHanuUAFUALN (thin
] P
filament) (Feher, 2017; Nelson et al., 1990) @150 ugn3v11¥1AAn15viad1v9Iviaoadnn
. o 9 o 9y 9 2+ s A 2 1 A
(vasoconstrictor substances) ‘1151/]111458@]1Jﬂ3m5‘1111"11u‘1160 Ca ma“luwamwmu AIUFIIN
=\ £ o Y A @ . o Y o Yy 9 24
ugmmﬂwwaamaaﬂﬂamm (vasodilator substances) 391119 52AUANUIUIUVOY Ca
4 @ [ 1
meluradanas Tagmsnadlvesrasadenifona InA1UN19 voltage-gated Ca’* channel
I8 receptor-operated Ca’" channel (Berne and Levy, 1993; Feher, 2017) #1151 nalnves
[ o J @ 4 .
receptor-operated Ca’’ channel 92017 receptor NI41U T YUY o] phospholipase (PLC)
' Y
%114 inositol triphosphate (IP,) tinVudsnaliinan151ans Ca” 80011910 sarcoplasmic
. 49! . o Y 2+ Y 4 43!
reticulum UINUU (Abdel-Latif, 1986) ngﬂﬂﬁ Ca fl]1ﬂfﬂﬂuﬂﬂLLWiL‘lﬂQfﬂWfJGluL“])’ﬁa‘Jﬂﬂ‘Uu
AN depolarization llﬂﬂizﬁluﬁlﬁ) voltage-gated Ca’" channel laoon Ca’ 9Inn1euen
1 1 o 2 4 o 4 2 v
unsngmeluaaduniiu Weszauves Ca’ molumadgaliu 9123UnY calmodulin 1d'l)
J o a . .
N3 zé’mau"l«m myosin light chain kinase (MLCK) RIRE phosphorylation U84 myosin wa
Y . . A Y v o Y a Y v X A
Gl“l/i thin filament L0 thick filament LﬁﬂuﬂﬂﬁTﬂu‘ﬂﬂ‘mﬂﬂﬂﬁﬁﬂ@]’lﬂlf’)ﬂﬂan\lmﬂliﬂﬂﬁﬁ@ﬂ

woavu'ld (Feher, 2017; Hartshorne and Kawanura, 1992; Zhang et al., 1994)

Y i
Gl“Ll‘VINﬂaUﬂuﬂTiﬂa1EJG]’Jsll’eN‘Hfl’e)ﬂLa@ﬂ’1]3Lﬂﬂﬁulﬁ@i%ﬂﬂﬂ’nulsﬁjﬂéﬁjuﬂlﬂﬁ
2+ J A A o & A o Y a o A
Ca neluaaanad W‘i’f]iJﬂWiEJ’U‘(’NﬂﬁU],ﬂ‘I/WI'IGI,WLﬂ@ﬂ1SWﬂﬁ’)ﬂlﬂ\?ﬁﬁﬂﬂlﬁﬂﬂ (Berne and
Levy, 1993; Feher, 2017; Hartshorne and Kawanura, 1992) 19 U ﬂ‘izéju 149 K channel 1)@
1 Y + < da! a . . @ g}.: a
dawaldt K lviaeenuensaauin¥unaniig hyperpolarization li§udan1sitlaves voltage-
o ' J o O
gated Ca”” channel ¥111% Ca”” minmouenwad Inaignieluwadanas nsedudina lnnis
@ 4 [ o A 2
naa1veIaaon lnonizduion 14l adenylate cyclase ¥11¥szaUv0T cAMP tinau 11/
v ¢ . . A A Y 7 o q Y o
ﬂiz@gumullcm protein kinase A manwaﬂiz@umu"lcm guanylate cyclase mnszauves
A 2 v P .. = 7 L. .

cGMP mmuul,ﬂﬂiw;mau”lcm protein kinase G Fatou las] protein kinase A 81& protein

9 ] Y
kinase G flWﬁfl“]JEl\?ﬂﬁUlﬂﬂ?iﬂﬂﬁ?ﬂl@ﬂﬂﬁ@ﬂla@@ﬁﬂwﬁGlﬁ}ﬂWiﬂﬁWEJGI’J"U’ENWQ’E]@LE?GQLWN%H
(Feher, 2017; Kirby et al., 1991; Matz et al., 2000; Rang and Dale, 1991) aduanadlugili 7

dyw = d’ d‘ o A 1 d' 1

Lli’)ﬂﬁ]”lﬂLlENMﬂallﬂﬂu%ﬂﬁﬂE!llﬂ”li‘VIN”I‘L!“]JE’NWai’)ﬂLaﬂﬂIﬂEJW"Iuﬂ"liﬂ?iJﬂ?JmW"IZV] FU NI

A A a v A o A 3 9
NI RIZIBIRI (Stretch), ﬂ”lilﬂﬁflullﬂa\‘]ﬂfl”lllﬂu‘ﬂNuﬂﬂa@mﬂ@ﬂ L‘]JL!@]L!
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Endothelium
Ca'* channel e .-.1
blockers $mscidh
a-agonsts Drazoxade
Angmotensin

N0
Nitrates

oy

cAMP

: —o— N, % <GP
i J

Calmodulin N,
LY
"\ _o—
X
-.‘-"---------------_a --------
Mfyosin Myosiz- () :;:- Contraction ‘::—,_::.
+
-
Smooth muscle cell Actin I_I'W‘“'Lai

gﬂﬁ 7 uammiﬂ:mﬂumiﬁnmmmwaemﬁeﬂimmiw@ﬁ’mmﬂéﬁmﬁlaﬁﬂuwamﬁm
«‘f'%uﬁﬂmﬂﬂﬁqe%ummszﬁ’u Ca” ' molurad HIUN19 (1) Receptor 11191152071 PLC
i ldiiun1sade 3 1 ldiRan15nas Ca 91nund Ry (2) Receptor-operated
channel T11¥ 1A an1517 Aue 3 Ca’ channel 187 Ca” uws ¥ 1giwadinaniig
depolarization 1182 (3) Voltage-gated Ca’ channel 11la v 1+ Ca” uwéﬁwdmaﬁmﬂeﬁu
umsamesaveandiuiloB sunasadeaniannizdy Ca meluwadanairi
N14 (4) N1512 AU K channel 111417 A 0112 hyperpolarization 61 dansilaves
voltage-gated Ca’ channel (5) B-adrenergic agonist i ldimunisad cAMP (6) 1nf
ﬂ”liﬂiz@?])u guanylate cyclase ﬁﬂﬁ’gﬁumsa%’n cAMP
HNY1¥i 9N : PCL = phopholipase C, AC = adenylate cyclase, GC = guanylate cyclase,
PDE = phosphodiesterase, PKA = protein kinase A, PKG = protein kinase G,
MLCK = myosin light chain kinase

(N1 aaut)agan Feher, 2017; Rang and Dale, 1991)



31

Jd 4 Y]
2.2.5 QIO YNIIHa0AIa0n (endothelium cell)

Y
@ A = a

wadouNITIaoAasa UlaTeadaas ninnuana i uIU IR US A0

Q U
v

9 v A

A [ A A ) & A o = =y I 4
vaoaoauazoioIzineItes Taena llwadiboymisnasadealianyuziluaadyu@on
. . . =\ Y Y] P % A 3 9 ~ 25
(simple squamous epithelium) LaziFoeAIAenU IvadBoyMtisnasa@ealulnseadeiinu

1 A [y d' 1 [ 1 = o I Yo a A g [ = =
sEuIudeAnUYoAHaINuNInog I ueTeza1 q 3eihld Idsuenswannnsdatenaduall
1 4 dd‘ é 1 =) 1Y d' o 1 @
U 805 Tuu uazasaliou q Feegluden uazandatenmenmiinszinaemitiaon
A 1 1] A A A I 9 . 4
1@0A 1Y ANUAUDDA NTIAVEY 1AL N1T 1HAVAUADA 11 UAY (Lai and Kan, 2015) 1508
woyrisnasaoaiinud1Ayod19uINADN1THINUYBINADAIADNA 1HBIINTIWITOES 19
o A 1 Y] A 9 A o Y A @
HATHAIANTNINARDNTHALAZ VAV ADARDA ba Taga1snyi I viasadeaveed?
[ a 4 { o @ [ a
Taun Tuasn-eenled (nitric oxide, NO) naza1snyiiliivasadoanads laun oulad
a 4 a 4
AU (endothelins), NTOUVONLTUIBE DI (thromboxane A,) AT NFBANINAUAUT DN AD

woarh (prostaglandin Fq, PGF2q) (Doni et al.,1988)

zé} s A o A v A wa [ a A A
u@ﬂﬂWﬂul“ﬁaaLﬂ'ﬂuW“LN“I’Ta@ﬂla'f)ﬂfNiJﬂﬂ!ﬁuﬂ@ﬂ@ﬁﬂuﬂ'ﬁlﬂﬂaumﬂﬂﬂlu

A . . v & v v W 3 A o v A o Y A
NaALADA (antithrombosis) Taggudinmstuanuuaalaeanuriisiaoameniiliasaly
A v 1 s A by Ao ) ) =
Wﬁ@ﬂlﬁ@ﬂﬁ']llﬁliﬂulﬁﬁnlﬂ?%ﬂ?ﬂ MUFAALYDYAUIHADAADAIITTNITOA T NUASHAINITN

1 v v W < A [ s A a 1 a A A A Y )
BNN15IUAINUUDIUNUALQDAN VLB AQIIDIN LlﬁzLﬁ\‘iﬂ']ﬁlﬂﬂﬁNlﬁ@ﬂiuﬁﬁ@ﬂlﬁﬂﬂqﬂﬂﬂﬂﬁﬂ
J @ o a A v a a [

L%aauwuma@mﬁaﬂ QﬂdJ@‘Vl‘ﬁWa@]@ﬂ?ﬁl%ﬁﬂg!’@]ﬂiﬁuﬁgﬂﬁﬂﬁﬂﬁlw (growth and differentiation)

. A Y, A " . . 3
GU’ENI,G]fﬁﬁﬂﬁ'liJlfL!@Li‘(’J’]JWa’f]@l,aﬂﬂllﬁ$ﬂ1iﬁi10ﬁﬁﬂ@mﬂﬂ1ﬂﬂ (anglogene51s) Iﬂﬂﬂ'ﬁﬁﬁ\?ﬁ'ﬁ

InszAuUMsIaavTa (growth factor) 15U WAIt0W (PDGF, platelet-derived growth factor)

Q

an I A wa Y A
1azdo¥ (EGF, epidermal growth factor) 11 uau maa%’wmmuﬂmﬁummﬁmﬂuﬂmm

J @ A = [ kS g 9y ' ¥ 1 I
mmaywuwa6@1Lamclunauﬂfnﬂuuuﬂwmu31 ﬂ31“ﬁhﬂﬁﬂlﬂﬁﬁ1iﬂﬂﬁ@dﬂ'€!ﬂlﬂu
) a a J @ 1 1 J A
Gl'Jﬂ'l’I"iuﬂ'éJ‘l/]ﬁWﬁﬂl@QL%aauWu\iﬁﬁflﬂlaﬂ@ﬁﬂﬂigﬂ'J‘Llﬂ'li@nﬂ“] wnnMslasundasans

k 1 a ad a J o a
Glﬂ’(?ﬂi‘l’iﬁ\? ﬂﬁTJﬁ’t] ﬂ')'li]Wﬂﬂﬂ@]ﬁlﬂﬂ%'lﬂl%’ﬂauW“LNWﬂf]ﬂLﬁ@ﬂlﬂ@Fﬂ']ﬂﬂ'l‘ilaflﬁhﬂa"ljﬂﬁﬂ'ﬁ
9 < [ [ Y g 1 (] a Qdy =\ o ) d A

’G’fi'l\‘]l,l,ﬁ$Wﬁ\‘]ﬂ'liﬂ\?ﬂﬁ'nl!ﬁﬁlﬂuﬁﬁuﬁlﬂmu I@Elﬂ’ﬂllN@“]Jﬂ@]u’ﬁ]'l%iJﬂ’J'lllﬁiJWH‘ﬁﬂiﬂﬂ'li
o e o - A g A ~ Y
NMAUITINDUNULEAANATNIUDLTYUV VA DALADA, LUALADA, 13NN llﬁ$ﬁ%%ﬂﬂ1ﬂﬂ18uﬂﬂ"u’€]\1
A é a Qdy Y o 1 a d' d' % Y A 1
1aoa G]Nﬂ’J'llIW@’]Jﬂ@]ullﬂﬁ]$u'IU]JJi;(ﬂ'lilﬂ@jiﬂﬂlﬂEI’Jﬂﬂi$ﬂﬂﬂﬁclﬁ]llﬁ$ﬂa@@L'ﬁﬁf]ﬂ@]f]ulﬂ

(Lukaszyk et al.,1998; Namiki et al.,1990; Cahill and Redmond, 2016)
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o W Y o ¢ A %
2.2.5.1 a9 ﬂJﬁﬁ%‘l\‘il!ﬁZﬁﬁQﬂ1ﬂl“ﬂﬁﬁ!§@uquﬁﬁﬂﬂ!ai’)ﬂ

o w 1 ~ 9 o ¢ A ) = 1 Y I
Asd1A AN 9 Naduazvasnnsadgoymisiasamon disoudeldiiu 2
voA A o Y A o . A o Y A o
nqu Ao d1snilvivasai@eave19a) (Vasodilators) naza1sniilvivasadennadd

. X [ g 1 1 o 4 ¥
(Vasoconstrictors) %QﬁWﬁLﬁaWﬁﬁ\iWa@]6ﬂ']31/]1\1TL!SU@\1L"]faaﬂa}WULﬁ@GﬂUﬂl@\iﬁaﬂﬂlaﬂﬂ

1) mshmlviviaea@enrafii (Vasoconstriction)
Ay M s A o A Aa wa o q Y A
mi‘wainuawmmmmaawauwuwa@ma@ﬂ‘ﬂuﬂmﬁuuwﬂwwaamaaﬂ
naaa laun NIONVONIYULIDY) (thromboxane A,, TXA,) wsaﬁmuﬂauaumm (prostaglandin

H,, PGH,) 10U Ia3aud (endothelins, ET) 118211093 1otnUFU1) (angiotensin IT, Ang II)

aa d . <3| Jd . i
toulasaud (endothelins, ET) 1w Tnai)1) Ina (polypeptides) N1lsznav 1y
A10n3Aazd 1w 21 2 1114 3 ¥iia Ao touTaTaUTY (endothelin-1, ET-1) touTaTauy)
. aa = . s A g 4
(endothelin-2, ET-2) taztou Ia5auns (endothelin-3, ET-3) lao'lo lgWosufiassninady
@ A A an [ = J @ 1 v A ~ o Y]

Hiisvaeadon Ao ouIasauiu ¥1le laweiuawnanddivnumuniigalunuszuuiale
A = 9 A 9 @ aa Jd a dﬁl 9 [
uagrasaononale (3UN 11) msairuazrasaseulaiaudinaduldannuateilave
1Y N13YNNTEAUAGNTOUTU (Thombin), DWUNT U (epinephrine), 1A 11093 1OIMUTUY
. . Id Y 1 A a . A dy A
(angiotensin 1D 1T uAY Taamnized1agalun1izuineengiau (hypoxia) agn1IzNiioLge

J

Y H
1AL 09 (ischemia) Huawisonszquldinanisadrvwoulaiaud 1daNga (Adner et al.,

] v
[ a

an =Y A o a A d‘ 9 4
1994; Davenport et al., 2016) UIaTaUANAITUNTUNIL 2 Bila NV IIULDVNLTAR Tag

U

@

[ Aa a o J aa 1Y { 4 ]
Sueulai-aule (ET,) HanutumIzasou lasauiu wumnﬁwam%uwuwaﬂmﬁ@ﬂ

Y
v

1 v o aa = 1Y Y o g’/ 4 1Y a’d‘
FIUAITUIOU-1aTaudl (ETy) ﬁﬁﬂﬁﬂ%Ullﬂﬂﬂﬂﬂﬁﬂ\l]lﬂi‘?]f%lﬂiﬂ wuwﬂuwﬁaaw@uwm

a

A s 9 dal = A A v aa AaA A
naoAaen Lasiraana1NUeisouiasaaen Wealsuou lasauetasNUSnaUaa

D.

Y 491 =} A Y o Y A o Ao o aa A
ﬂﬁ?ﬂluﬂliﬂﬂﬁﬁ@ﬂm’E)ﬂiq]ﬂﬂi%@]‘uﬁlgﬂ”lslﬁﬁﬁﬂﬂm@ﬂﬁﬂﬁ? 1ummzmmasuzau1ﬂﬁauuw

A @ A o A o q ¥ A o Y Y 9 ' 9
mnmmyaawauwuwa@maamz‘ﬂﬂwwaamaaﬂﬂmﬂm"lﬂi@ﬂmmauwmmiﬁsmmx

o A J . . . 2 ¢
Wasg150a015ten (endothelium-derived relaxing factor, EDRF) Tagasluasnoanlesdas

wyeaa1 lsAdu (prostacyclin) (Saijonmaa et al., 1991; 1992)
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[ 1 =

Lﬂuiﬂ%au@% ﬁﬂ'J'lll?hﬂﬂulﬂ@ﬂTiﬂ'J‘UﬂiJﬂ'Nllﬂ\?sllﬂ\iNﬁﬂﬁaﬂﬂ!ﬁﬂﬂllﬁgﬂ'ﬂu
A 9 [ A d%l [ a dye/ = 1 A = (%
LﬂfJ'JﬂlfNﬂ“Uﬂ']ﬁlWiJqqéllusllﬂ\iﬂ'l'mﬂuja‘ﬂﬁ 1!ﬂﬂ‘lﬂﬂut’NllNaﬁfJﬂ'lﬁLWllﬂ'J'lllLLﬁ\?Gluﬂ'lﬂJUﬂ'J
o ] 4 a a
GUfNT‘i’JGlﬁ], miﬂiw?ummmmaa, fnﬁﬂigéIU'ig‘U‘U‘iJigﬁ'Wl“ﬁiJWHﬂﬂﬂ (sympathetic nervous
Y
SyStemS)Vlﬁcluﬁﬁuﬂa'l\‘lllazﬁﬂﬂuﬂﬂ, ﬂ13ﬂ§$é}lﬁgﬂ‘ﬂLiuuﬁﬁullﬂﬁﬂi@lﬂucﬁu (renin-
v v
. . v v U =Y 1 I~
angiotensin system, RAS) HATMTEUEINTVL TR ey (Na) naruma la wudu (Adner et al.,

1994)

o A Y]
2) Mmsnmviviaeameavengfa (Vasodilators)
A v ) s A Iy A A wa o q ¥ A
aishaduaznatnnaadidoymisnasadeanlinuauiamldvasaon
Y Yy a 14 - . a . aA
venedd laun Tuasnesnlea (nitric oxide, NO), wsoaa lsaau (prostacyclin ,PGL) LaLda

100N (endothelium-derived hyperpolarizing factor, EDHF)

'
v =

a ¢ g da o o 4 <
lun3neenlwd (nitric oxide; NO) il udrsnlianudinguinfganinilan

a

9 s o A A oq ¥ ') A a A o a s
ﬁ'ﬁ'l\ﬁ]'lﬂl“l)'aal!Wuﬁﬁﬁ@ﬂla’[’)911/11/]1114&“]1'5’]aﬂa’]ﬂlu'ﬂlﬁﬂﬂﬁaﬂﬂm’ﬂﬂﬂa']ﬂﬁﬂ uluﬁﬁﬂi’)@ﬂul“ﬁﬂ

Y =) 14 o [ A v A 4 @ a Lﬂy
anAunu Ul a.d. 1980 Taalosrneaaazs1ingn UNINGIMEATHINEDTUU ANTITUY

U U

= 1

1380731 endothelium-derived relaxing factor (EDRF) (Furchgott and Zawadzaki, 1980)

a 3 a . A A A A 9
"l,umﬂaaﬂllcmgﬂuauyaemz (free radicle) NUFATN AN AB NO &3 19U
Ja .. = Y o [ o A A g J @ A
MNUDADITIUU (L-arglnlne) G]f\i!flﬂlﬁ]fﬁﬁﬂﬂElfﬂﬁflﬂ’JW1%1LW1$WLEJE]H3JLG]SQ’€1HNuﬁﬁﬁﬂﬂm@ﬂ

a o [ ) 4 a Ja A
aszuaumsaialunsnoen ladazerdonisvitauveaeu loid luasnoon laasuma (nitric

i
ad =

o a a o J an ...
oxide synthase, NOS) M 1#iiaeendatuueanisaiunateniiaululasu (guanidine-
. . Y a s a = . . dyd
nitrogen terminal) “lmﬂu"lumﬂa@ﬂllcnml,azuaamwgau (L-citruline) Gluﬂizummiuu
4 { A ]
Tauames (co-factor) MAeves 1AuA reduced nicotinamide-adenine dinucleotide phosphate
(NADPH) tetrahydrobiopterin (TBH,) 1A atden loou (Ca™ ) uazuna lugau (calmodulin)

Whudu 37 8) w4 lua3n- sonleddumaainisnganszqunnrateifisolaomme

9
v v Y ~

9 Y IS 2+ 9y san 1
ﬂ'lﬁﬂﬁgiﬂu@ﬂﬂllﬂﬂl“]fﬂuvl@@ﬂu (Ca )LL'@I%ﬁ'lll'lﬁflgﬂﬂllﬂﬁﬂjﬂﬁTiﬂﬂﬁTﬂlL@ﬁ@Tiﬂuu LB U
L-NG-monomethyl arginine (L-NMMA), asymmetrical dimethyl arginine (ADMA) (L 8 & L-

. .. <3| vy = " A a Ak =<
nitroso arginine methylester (L-NAME) wWuau geesmaruidse lexiaonsAnEILNUIN

U 3] N

a L 1 a T d’g = = 1 a IR
"lu@]iﬂaaﬂhlwﬂuﬂnzmq gl IﬂEJLL’E)EI%ﬂgﬁu%tﬂﬂﬂluﬂﬂ’ﬂﬂlﬁﬂﬂiﬂTﬂﬂlillu@iﬂﬂ’t’)ﬂ]l“ﬁﬂﬁlﬁ

Y 1
ansodamsiie ldlssmulSunavesmsadsluasneonled ld dauluainoonlys
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1 =

a =\ aa =\ a a A = o [ v W A = o Y
DETETUAAIIFIAUNY] 2 - 3 TUIN Nﬂ’ﬂm’dﬂ‘c’JﬁﬁHWI@Wf:‘ﬂiJTiﬂ%Uﬂﬂﬁﬁ“l/mﬂﬂmﬁﬂﬂiﬂﬂﬂ

naanuadasuld (Palmer, 1988; 1993; Yamamoto et al., 1993)

Endothelium cell

NOS
L-arginine —— > NO + L-citrulline
NADPH / Ca=
/ Calmodulin

H a ¢ o
51U 8: uaasnmisadreluasinoonlad (nitric oxide, NO) Taoa@$1991n L-arginine 0170015

[ 4 J ] = 2+
Mauvesvauou sl NOS uag Taulawes 11 NADPH, unaden loau (Ca’") uag

una Tugau (calmodulin) (MN1: AALAI9IN Thong-Ngam, 2002)

1 A da o
oulwsllunsnaenludgumsa (NOS) Tasaadandienuen Ty lyInlaswy
a R A I 4 9 A =
20NHIAN P450 (cytochrome P450) ¥181 (heme) Wuesatseneululaseadraniowned
1 I 4 . 2 AW o o A 1 @
wiaeenily 3 TaTenesu (isoform) FINSAYALUYDINITIINUUALA U UINNVUANAIINU
9 1A 4 a a Aa a Jd . . .
1aun 12T5uea'lnW (neuronal type, nNOS), 8UAIFITa 1NN (inducible type, iINOS) 1A

< A A 4 .
uTaRiaealni (endothelial type, eNOS)

9

d A o o a YY) I P
1) #alsuealna Nos) ThitminTuana 168 0 ladadu Wueu lyinwy

¢ 9 Y s v A o
winluradduewazidullszamsovuen uazeawy la luaadndwiioaie oulaitign
aruqumsiaulasuaadon looou uazuna lugau (Bredt et al., 1990; Bredt and Snyder,

1990; Kobzik et al., 1994)

oA

a a aa Jd . ~ Y @ a v W I
2) dBudIBiialng (iNOs) i Tuana 130 Aladadu Wueulaingn

U

{ o 2 ] . . J [ a
W11 17 IRATY (inducible enzyme) Tuisaduun Tasw1v (machophage) 11K IAANS

a

[ a ¥ ] 4 o w [ . . s
ApUAUDIADNMIAAYD $18THIraa 11150 19AaFNAI 9 (microorganisms) HAZIFAANNA
v v Y
AMUAALNA (NO-induced cytotoxic and biological effects) 11 iNOS ﬁgﬂmﬁmﬁﬂﬁ'mﬂsﬁu
@ < - &
Tuviaeadaenlaslalalail (cytokines) 91NN 172 F¥NINATAALYD (septic shock) tag 1y
9
a [ 1 ) Jd Aa ]
NIZUIUMIINAMIBNAUMITVINIAIAI 9 Tumsihnuveseu ladyiai li'ldagnaiugu
Y = d‘ e’dyd v W [ a 1 9y =K o g.ll
arounaadoy lopou esnineu ladiiinsduiunuuna Ty Tadueguad 3edm150duel

M3 ldlaenosa lnanososs (corticosteroid) (Petros et al., 1991; Sherman et al., 1999)
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9
o g

d a v o 4
3) isulaidealng (eNos) HimiinTwana 135 ladaau wuwinlueaa
A o A A o Y A Y a s A o v
WoUWNUNTIaDALaDA lﬁ/]TWL!TV]GI,‘L!ﬂ"liﬁi"l\?hluﬁiﬂ'ﬂ@ﬂllcﬁﬂl‘waﬂ?ﬂﬂllﬂ'lﬁvnﬂ"luell'ﬂﬂﬂuxi‘ﬂa@ﬂ
A :(caql o = a = d o Y
131319 mullclmuQﬂmuﬂ11ﬂ1‘§mﬂmiﬂmmammlvlﬁmau uazgmahlg]au E]ﬂmﬂﬂgﬂﬂimu
Y
VY] o [ 14 a
waz/miedudimsinau lamedesenanamanivoudearaeyiia (hemodynamic factors)
' A Y A A I 9
TR NG (blood flow) LAZANUIAUINDUUDIADA (shear stress) Wuau (Anggard,

1992 ; Furchgott, 1996; Palmer et al., 1987; Palmer et al., 1988)

% d'd \ k% Q:I a J
ﬂﬁ]ﬂfj“{mNﬁﬂ@)iﬂﬁfﬂiﬂi$Quﬂ1i1‘iﬁﬁ"luﬂ§ﬂi’)ﬂﬂ"l“liﬂ

1) Jademand 1951 Faa1iy (histamine), 159N Y(thrombin), BFAA IAAU
. saa = . . = a - = 1 dy
(acetylcholine), UOSOWIUNWITU (norepinephrine) wazuusa latiy (bradykinin) @3N AIUIL

v v v W { ' a s A o
T UNNegUURIVOUTAAIID M ABAIADA (Anggard, 1992)

(Y] [ = = A 1 @ A A kY
2) ‘ﬂ‘i]‘i]ﬂ‘l’n\‘lﬂ1ﬂﬂ1‘w IBU UTUTIATUDUADANDNUIVADALIADA HIDAUAU

= A A s A @ A v @
INDU (shear stress), ms"lwaﬁummaﬂ (blood flow) HBINIFAQYD YN UINTADAADAIS TUNE

Aums Ivaveadaen lnense (Anggard, 1992; Kawai et al.; 2010)
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Y] Y &' = A a d
nalnmanaaiivesnmNLaBaUviasaaanlaglunsnoan lua

a o =\ 1 % 9 dy 1=} A
lupsneenlad (NO) inasenisnatedlvesnduiiaisouviasaden 1ag
A A Y s A @ A g}/ [ A [ = 1
WoNNMINIzAY adweyMiavasaaeand luadenianienIn wazvsetlateniuall
L. S . % O 1
acetylcholine, thrombin 4@ bradykinin 1@y dawali luad imsiuVuvo AT oY
A 2 = ~ 9 ° It
lopou manduvenamon looousziing lunszqumsiaiuvesou lxidusa (eNOS)
2 d S A ] s A o A 1 Y Aa 9 Aa 4
Fuilweu laintogluaaditoymitnasameadwaliinanisaigluainoon leasin
.. g a I a d? 1 Y s 9 Li’ = =
L-arginine 101U luainoon leanmaduszunsimuigiyadndileSouviaondon 11
o 4 A o Aaa N
nizaumshanuveseou lsigeagiianiiiaalsnad (soluble guanylyl cyclase, sGC) Tagnilo
4 1 a { @
ou lail sGC gnnszduazdenaliinanisdouniTudulasoda (guanosine
I a o
triphosphate, GTP) WulgaanniTuduluTudeaa (cyclic guanosine monophosphate,
Y
cGMP)11INHU cGMP 92 l1/nszdunisiiauaeslysaulamad (protein kinase G, PKG) 1182
9 @ s 9 dal =3 A 1 [ ,;l A
NIz UIUMIMIAMEAIvRIFAaNA MU sUnasAIRen Tagruratena ln Agil (U7

9)

9 o 1 o Y
- PKG nszdumsinnuvesyosldsuaaiFonloou (K channel) i1 l¥voq
= a a 4 o 1 1
Tdsuamdeuloowila uazina lales Tna1 l5idu (hyperpolarization) aanalinnuuanais
o J 2 I 1 4 =
voudnd lihueusadgeiiu iuwaliveuea lndunaideonlosou (L-type calcium channel)

2 o 9 = Y 1 J J Y I 9 A a = @
“lJﬂ ﬂﬂml,ﬂawau”laaaumqmaaaﬂmmwaclmcvaaﬂmmumsﬂuwaamaa@ﬂmﬂm

-PKG NT¢ é’ UNITNIIUVD sarco/endoplasmic reticulum calcium ATPaes

o = < @ ' a aa o .

(SERCA) i1 1 uaaioulooougninundudigan Tana1aiinis@n8y (Sarcoplasmic
. da! o Y = J i 1 J 9 dy =

reticulum, SR) ¥ INVYU ‘ﬂﬂmmawau‘laaauiumaaaﬂmmwammiwaaﬂmmumiﬂu

Ya0ARANAYA) (Bolotina et al., 1994; Levick, 2000; Schini and Vanhoutte, 1993)
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Endothelial cell

.. eNOS
L-arginine ——— NO + L-citrulline

l Sﬂ]()orh nmsde p

sCG
Ca2t GTP ———» cGMP
Ca2+ CaZt

o /—x PKGc Hyperpolarization
SR “SERcA (2) ©

-+

Nﬁ channel

L-type Ca?+ K+
channel |32

Vasodilatation

@ s Y dy )=} A a 4
9: meﬂahlﬂmiﬂawmﬁummaaﬂammm‘iﬂnwaamae@T@Squﬁiﬂa@ﬂqmﬂ (NO)

A a s R S 9 X~ A £y o
Tﬂﬂlil@llu@]iﬂ@@ﬂ"l“ﬁﬂuwjlﬂﬂqt“ﬁﬁﬁﬂﬁ”IiJL‘Ll?JLﬁfJ‘U‘Ifiﬁ@ﬂlﬁ@ﬂ%gqﬂﬂﬁqu!ﬂ?i‘ﬂ%ﬂu
d‘ . . Y < . .
U89 soluble guanylyl cyclase SIGELY guanosine triphosphate 19113 u cyclic guanosine
v Y 1
monophosphate NN INIUF 11U nT24UN15%191U0 3 protein kinase G T91i11717 0
o J 9 Ay =3 A 1 o dy
NITUIUNIINITAANWYAIVBDIUFAANATUIUDLIYVYIADALA DA IﬂﬂNWU‘HﬁTﬂﬂﬁllﬂ AU
(1) nszauliia hyperpolarization 911N1511av09 K channel 39inal1/7a L-type
. o 9 2+ J a @ J 9 dy =
calcium channel ‘1/]151?7 Ca Glu!,“]faaﬁﬂaﬁlmmﬂﬂﬂ’liﬂﬁWEJG]TU’ENL“Iiaaﬂa’liJLu’f]LiEJU
@ I '

WaoAoANA18AY (2) NTZAUNIINY Ca’ 191¢ Sarcoplasmic reticulum Taa'linszqu
° . . . o J
N1ININIUVDY sarco/endoplasmic reticulum calcium ATPaes mld ca” lusadanas

Y
llazlﬂ@ﬂ'ﬁﬂa'lEJGT’J"U’é]\1Lcﬂﬁﬁ'ﬂéﬁulﬁﬂﬁﬂﬂﬂﬁﬂﬂlﬁﬂﬂﬂa'IEJGT’J
HnH1@LH A : eNOS = endothelial nitric oxide synthase, NO = nitric oxide, sSCG = soluble
guanylyl cyclase, GTP = guanosine triphosphate cGMP = cyclic guanosine
monophosphate, PKGc = protein kinase G, SERCA = sarco/endoplasmic reticulum
calcium ATPaes (ﬁ ¥1: aaua991n Bolotina et al., 1994; Levick, 2000; Schini and

Vanhoutte, 1993)
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lalasiaudalvld (Hydrogen sulfide; H,S) Ngnaaduiluiiasnis

u

o

é Y d‘ 4 [ ] "y Y 9 9 a 4 a o 1
puaediniulue “maluni’ uadreanuinuimeaInemaas winide ladunwu
o o a an 1 v ?

H,S finnuddg lunszurumsmedisinemaz nensameas q ludadideagnaleuy (Abe
and Kimura, 1996) Tagmwizunuimdnainedvesnuszuuialutazvasa@on danui
= 1w o A 9 [ a J o Y A g .
H,S imsdedyauszauTuananadienu luasneon lad (NO) (nihidlu endothelium-
derived relaxing factor (EDRFs) 4 @ ¢ endothelium-derived hyperpolarizing factor (EDHFs))

4 4 [ 4

(Kohn et al., 2012) agA15uaUNBUUDN lB& (CO) (Wang, 2002) lalasiuda laaiuise
a 49! 1 9 4 a o 1 a A o
wanvuluiremealoeu lsivatevtia Tasmsuaasesnvesou lmitaazsialianusume
' A A4 4 1 Y ' Jd a = a . . <
aotaenuana1any 1y u'lasl Fan1lslefiu Fume (cystathionine synthase; CBS) 11

A A o [ a a =
ulyinlanudingluniswan BS luszvudszaim vazdanilslodiu lawe

. . I PPN AA o W o A
(cystathionine lyase; CSE) tHuou loaiinan H,S Miid1an luszuuiilanazvaoaiion

(Hosoki et al., 1997; Liu et al., 2009; Wagner et al., 2009; Yang et al., 2008)

[ a’tdy 9 [ o a a =
Gluﬁmmmmm&um H,S Qﬂ’s’NLﬂ3181’7‘“W%Wﬂﬂiﬂﬂguiullﬂa-“ﬁﬁ!ﬁ@u (L-
U o L4 . . . .
cysteine) Tagorden1svitauveaen lays cystathlomne—B—synthase W30 cystathionine-Y-lyase

a x g’/ g’/ a a I
Tumsnan Fanaeulyinaaeald pyridoxal 5"-phosphate 3n1iu Be) 1HluTaunamos (Liet

] '
A o v [

al., 2011; Miles and Kraus,2002; Yang et al., 2008) HaN1aT3INNNA 1A YU H,S NYnHaa
2 ' 2 A < ' 9 a .. + '
Julusrame gadinalnna ldiumsnszqunisialaves ATP sensitive K channel (K ;) 8480
1910 @ vasorelaxation 145z vV ez asalden uag neuronal hyperpolarization Tusguy
o A g ? :
Uszam BnnsdsrremudnonmluszezenIiisadilseam (Ebrahimkhani et al., 2005) (319

10)

@ 4 I E4 o
luszuuialauazvaeadon tou'lanl cystathionine-Y-lyase tiluou lassivian
[ 4 a a da! 2’; o"d’ @ = .
Tumsdunasigiuaznan HS Taanayunslumaqgoyniiaviaoaaon (endothelial cells),
s v A a & s & A v Ay A
adnaINiiolouanaaea (smooth muscle cells) azisaaiiods luiunurasaaon
(periadventitial adipose tissue; PVAT) (Kohn et al., 2012) H,S HA21010 819040 UATEUIUMT
manesassmenluszuuiiilatazraon@aoauInueg 195U ANNIAIEABDATIATY (oxidative
o . . 4 . P Y A .
stress), N190NLT U (inflammation), N1TA1YVBUF AR (apoptosis) gazn1sasruduinonlvy
. . Id 9 dy Y= o w Y] a
(angiogenesis) 1Hudu wonnil 1,8 daivnumdian lunisdesdumsinalsaneszuy
Y A 9 1 A A 9 ] [ a
M2laagnaaaen HAaZN1ITUNINFOUAI 9 NABITOI 1HU N1IEANNAUTaHAgY

9
(Hypertension), 113N dileralaviay (myocardial ischaemia-reperfusion (I/R) injury),
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Y tg o A . . . o Y Aa o .
aznaueiilaaie/viaaea (myocardial infarction), A A UAATINIY (cardiac
9 4 ]
arrhythmia), n13zAa N 1911AAUAA (cardiac hypertrophy), n13zAa1Ntiia¥2 atRaiEe
WIHa (myocardial fibrosis) uaznziladuman (heart failure) (Ufnal and Zera, 2010; Wang,

2012); Wagner et al., 2009)

L-Cysteien

cystathionine- B -synthase cystathionine- y Hyase

H,S
/ N\

Activation of Kyp channels q’m{%
/ N7

y Nr’:"‘::s sypstem on of Cardiovascular system
perpolarisation, Promotion o
neuronal long term potentiation Vasorelaxtion

[

$ A A { o [ 4
517 10: uaaanannasImendagves laTasauda lWed (Hydrogen sulfide; H,S) Tag H,S
o ' a o ° 4 . .
gﬂmmiwwmﬂﬂm@zﬂu L-cysteine TﬂﬂﬂWﬁﬂﬂﬁV]”lﬁl!‘ll’e]ﬂlﬂull%M cystathionine-
S . . Y 2 .. +
B-synthase 130 cystathionine-Y-lyase Tinse AUNIT 1 aue g ATP sensitive K
channel

danalina neuronal hyperpolarization Tuszuudszan uaz vasorelaxation I5EUL

wlaazvasadon (M1: Aa1ladnnn Ebrahimkhani et al., 2005)
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Y] Y &' = A [y d
nalnmanaaiivesnminHaBaUviasaaanlaglalasoudalva

TeTasudaldd (1s) Wuarssianiiaiieongnsilu endothelium-derived
hyperpolarizing factor (EDHF) éqﬁqmﬁﬁﬂﬁ’waamﬁaﬂﬂmﬂﬁa Tﬂﬂﬁﬂa”lﬂmiaaﬂqw%vhu
7119 Potassium (K') channels 1&un ATP-sensitive potassium channels (K, ;) (Al-Magableh and
Hart 201 1; Mustafa et al., 201 1; Zhao et al., 2001;), KCNQ-type voltage-dependent potassium
channels (KCNQ channels) (Kohn et al., 2012; Schleifenbaum et al., 2010) (L& Calcium (Ca?*)

activated potassium channels (K., Channels) (Jackson-Weaver et al., 2011; Peer et al., 2012)

@ 9 dy =1 A Y] 4 a d%’ A A
nalnmsaatealvesnauiieissuvasaaen laslalasnuga lidvzinatuiioling
Y o L4 A a s A @ A ) Y a 9
nszdumsiinuvewenlyd CSE Ausnawaatoymisnasadon M ldinanisaiauaz
vaeas 1S dewa ldnszduldinanisilaves ATP-sensitive potassium channels (K ) 1130
. . . = ' s 9 dy = = = a
Calcium activated potassium channels (K.,) N9gUuULaana1uiuoliguiaoaaoa FIN1511) 9
=) o Y a J = ~ + IR o 1
K, 130 K¢, v 1 naadgapde Tnunadon leoon (K) oonusnmaasaiililg
s o ! o 4
AszuIums lawes Inarlswdy (hyperpolarization) ¥alina lUd1unisnadiveusad
Y dﬁ ~ A =2 o Y s Y ds’ ~ A @
adtieiseuriasaen 1 lvaanduileiseunasadonnaled (Al-Magableh and
Y
Hart 201 1; Jackson-Weaver et al., 201 1; Peers et al., 2012; Zhao et al., 2001) UBNIINUNT
) = A - A a
n32qUNMIIIAUDI KCNQ channels Noguumadnamiiloiisuvaoaion Tagnisilaoonues
o 1 o o 1 4 { =
KCNQ channels 32151 Tgnszuaums Tanlos Twar lsiwsu dewaliaaanduniieouriaen
a @ o 1 <
1A0AINANIIAAIIAD Iﬂﬂﬂﬁ‘ﬂaﬁﬁﬁﬂ’qn adipocyte derived relaxing factor (ADRF) 310450 a
A A o oA 9 = @ ' = Y o 4
oo luduiveiunasadon (PVAT) a1sasnaiina lunszdunisiauaesen laad

v v 9 v
cSE mlntimsadaaznal H,S Muundu (Kohn et al., 2012) (U7 11)
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(1) ADRF

Adipocytes (PVAT)

Endothelial cell

CSE

1 :
\ “im/ \

K \\‘ Kam channel ’/i

KCNQ channel l Kca channel

N /

Smooth muscle cell

Hyperpolarization

Vasodilatation

d' @ 4 Y dy =} A
suf 11: Llﬁﬂ\‘lﬂﬁ]lﬂfnﬁﬂﬁ”IfJ@]'NJ'EJ\H“D’ﬁﬁﬂﬂTiJLuﬂliﬂﬂﬁﬁ@ﬂlﬁi’)ﬂjﬂﬂulﬁjﬂﬁlﬁ]u-

Y

£

[ 4 1
da'lild (1,8) Taeiina lnn1390nNERNIUNIG Potassium (K) channels @tn ATP-
sensitive potassium channels ( K,;, channels), KCNQ-type voltage-dependent
potassium channels (KCNQ channels) it @ & Ca?* activated potassium channels (K,
o 1 o U . .

Channels) 111 lignszuaunis lawles Twar lsiadu (Hyperpolarization) l1@unisvia
o s 9 dy = = IS 9 J 9 dy = A @
G]'JGU'ENL“]faaﬂﬁ’lllLu’f]lﬁﬂﬂﬂa@ﬂla@ﬂ!ﬂuWaGlWL“]faaﬂanJLu'i]ﬁﬂﬂﬂaﬂﬂla@ﬂﬂa’lﬂﬁﬂ

¥9a15 H,S N9 1¥1Ran 5202115 Hyperpolarization ne3191az#aini1ain (1)

A 9 A

wadiiobe luiiy WoWunaeaden (PVAT) 1as PVAT 95lin1sndaaisngu
adipocyte derived relaxing factor 1/n3zdumsthauves CSE shlvinnsnas H,S
ua211nszdu KCNQ channels 17 11laooniian112 Hyperpolarization 1ag (2) 1¥aa
ideyniiaviaeniden (endothelial cell) N3zAUNITHIILVRY CSE liAansna
HSudalUnsedu K,,channelsi 30 K, Channels 19 1llaooniianiag
Hyperpolarization

Huentia: H,S = Hydrogen sulfide; CSE = cystathionine-Y-lyase; ADRF = Adipocyte

derived relaxing factor (N1 aan)agan (Kohn et al., 2012; Peer et al., 2012)
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Y A
3. Isarialauazviaoataon

Y A A . . <3| ' Aa X2 o
Tsawalauaznasaaen 130 cardiovascular diseases 111 Ungu IsnNAYUAL
o A 2 g A Aa o o Y a Yy A
sz laaznaoaoadulluaumgmadediadiaudu q vosaune waziinud Tduiy
dy = Y A A g A Aa 9 1 A
gavunni Tsar laazvasadeaniuauiguesnsdedia 1dun Tinnasadonduos
(cerebrovascular diseases) 1ag 15 A lavaiaen (ischaemic heart diseases) (Wong, 2014) 9

a A = =S (4 A A 1 v =S 1
mﬂmﬂmi‘nwaamaaﬂmmumammmmwaqumﬂmiammm”lwu Tsau HIDR Lag

'
S A Y

a a g I Y A @ ' g 1 Y a =
MINaNsaawe 1Wuau NUsnurivasaaon Jadtamaildiwalinannudonienas
[ Aa a d o A =) o’dy ' . .
mimﬂum’awmﬂnmmmaauwuwaamam 13ENANITAUUI “endothelial dysfunction”

(Grover-Paez and Zavalza-Gomez, 2009; Widlansky et al., 2003)

a a o d Y
3.1 mmwﬂ1Jnvﬂum‘;mammmwaauwmmamﬁeﬂ

anuAalnavienuuanieslunisiiiuveuradymisvaoaaon
. . a A s A @ A Yo ] o Y a
(endothelial dysfunction) HaaINMINaaoyHisnasaden lasu1nRY uazsilding
4 1 1 a o 1
ANVTINIBVDUFAADINANIZAN 9 1BU ANVIATIADDNFIATY (oxidative stress) ADNNLIA
[Y] a dy (% g @ A é ) 1 a
%31 ANwaU Tatingaisess nazanzihaanas luiuludeage suh lugmananszuiums

oy L“ﬂuﬁ'u (Grover-Paez and Zavalza-Gomez, 2009; Widlansky et al., 2003)

a 4 4 ] 9 ]
luganzinAvesnasamaon IsadBoyNIisnasaaoAIz a3 1A HAIES
A o Y A @ A o Y A YY) ] 1% VA a
i livaoadeanaeaaz s livasaoanaindiodnaugani ualomaan1iz
' ° o A o A A A ' . . o q ¥Ya
WI0INMITMIUYOUAATOYNITINaDARDA HIBNITIN endothelial dysfunction 92V 1¥1AA
] [ 1 4 4 Y] [
MsdeaugaveINsad NuaznataIaIna1 lasadlgoyriivaoadonIzas 1Az e
d' o 9y A [ (% A d? 1 [ 9 < d' o 9y = Y
asniliviaoadeanasadunuiy uanduaiuazasaisnmlivasadonnalsdn
= A o 9 A [ ng Y Y a (Y =
anas Fmsn ldnasadoanasadiiu uenaniznizquliinanisnadivesnasaidon
Y
@ % v o a <Y .
nadudiu deiliinan1snszqun1sudd1veuaon (coagulation) NTLAUNTLUIUNIT
v . . A J . . Y a aaa
9NLe U (inflammation) (WNN1TIDNUDILEA A (cell proliferation) Lmzﬂi%ﬂuﬂﬁmﬂﬂgﬂi&ﬂ
a o . . < Y =R A o ' I o A 9 Y a a
PONFATU (oxidation) 1Hudu Fnmaiaawnaruudinnszquliinanesanmvosriaon
(] S @ a A eya 1 {
!ﬁ’t]ﬂ YU NILUADALLUIAT (arteriosclerosis) uazmimﬂamﬁ@ﬂqﬂﬂu (thrombosis) aIuasn
o Y A =) £ 9 @ A o 9y A v v A A £ (%
mldivasadeanaedligninssunuaisimlivaooadeanasadi Aelignisetloany
a a = wa S @
msnanesanmaedu Tasliguautialunsdumsudsniveadon (anti-cougulation) A1

a a 4 a [
mimm‘lmﬂmmmaa (anti-cell proliferation) MUMTNAMNITO NI (anti-inflammation) (18
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ATUPYYADA5E (anti-oxidant) NAAVINAINIATEADONTIATY (Hadi et al., 2005; Deanfield et

Y
v a

1 o & A o A =2 d & A
al., 2007) ﬂﬂuuﬂ’lﬁlﬂﬂﬁﬂ133W5@\1ﬂ151’|’]\1'lusll'f]\?!,(‘]faaLﬂ@uWu\‘]‘ﬂa@ﬂm@ﬂ‘ﬂﬂlﬂuﬁ’llﬁﬂ‘ﬂuﬂﬂ

o o

draglumsinalsanuszuurialaazvaeadon (317 12)

Anti-coagulation Anti-coagulation
Anti-inflammation Anti-inflammation
Anti-proliferation Anti-proliferation

Anti-oxidant Anti-oxidant

Endothelial Dysfunction

Cardiovascular diseases

d' & A @ A a . .
519 12: ‘U‘vm”msummfamﬂauwuwaama@ﬂ“lumazﬂﬂm (normal endothelial function)

Y

naznMeAnlnA (endothelial dysfunction)

(MW1: Hadi et al., 2005; Deanfield et al., 2007)
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3.2 51133?1@66]!566]!!6]3!!%3

A [ . I A Aa Aa A
NNITHADALADALAIULUN (atherosclerosis) Lﬂuﬂn%mﬂﬂﬂ’.ﬂuwﬂﬂﬂﬁﬂ‘ﬂaE]ﬂ
= = =\ <3 o d? = A 1
oa TagnasadoalinNULIIAININTY LazlinNBargUANaY FUNANIINMTAZ ANV
@ a 9 c;y/ gj 4 4 % %
lusfunsumiiessulu (tunica intima) W3 o¥uvouraaBoywiitnaoadon innulunaoa

LaﬂﬂLl,ﬂ\‘l‘llu'lﬂGlfViﬂjllﬁ%ﬁaﬂﬂlﬁﬂﬂlLﬂﬂﬂJUWQﬂa'N (Lusis, 2000)

a @ ] VA 1 I
Tuszezusnvoamsinalsnenda uanaeinisla q uaiienatdiu iy
aa ' <3
5$83L'Ja']uTL!%?Qﬂﬁillﬁﬂﬂ'f)']ﬂ'ﬁﬂ'mﬂauﬂ@'m 9 TﬂfJ'E)']ﬂ”IﬁGU’E'Nﬂ'I'Jgﬂa@ﬂlﬁ@ﬂlmﬂlmﬂﬁﬂ’]ﬂTﬁ
NNAANNNTANMUARIEAUDINITVEIN1IZANNA U TaHAge 1H0991NTIN1TgAA UUDIN AN
= [ Y a A a @ A l-ﬂy ] Y a o A A =
Lﬁﬂﬂﬂ']{lﬁﬂﬁnmﬂlﬂﬂﬂ?iq@ﬁuﬂﬂﬂmﬂﬂqﬂmﬂﬁ U AUNANITYAAUNYIADAIADATNDIISY
A g A v A A A:al‘ o I = <} 9
1IN IUAAINNTLVVYTEaM W3'l’)fl'lilﬂ'lﬁi’)‘ﬂﬁWVIﬁ?li’)ﬂlﬁi’)ﬂlﬁfNW'Jﬂl%ﬂﬂziJ'ﬂ']ﬂ']ﬁmﬂﬁu'l'ﬂﬂ
A = 1 A % A ~ I Y =
‘Wi@’ﬂ"ﬁ]fl]ll'f)']ﬂTi‘]J'J@‘L!fNLui’)\i%']ﬂﬂ']ﬁfgﬂ@]uel]ﬂﬂﬁa@ﬂla@ﬂﬂslﬂ 1uau HINUANNTULTIVD

<3 o Y a dal A o S
Tsaunnvgmlimanmsaeveaiioweaz 9381z Uy 9

a a = < ~ = Y o
nalnmsinanesanimveinznasaeauands (3UN 13) Nerdeenu
vareauiquazdave su n1azlviuludengq (hyperlipidemia), A1uauTadiag
{ o a I v o 1 o 1
(hypertension), M3gU1H3, nazms lasuaisny Wudu Tasaunquazifadeasnainiirllyg
@ s A o A 2 J 2 Y a A <=
MIONITVYDUFAAIDOYHITINADARDATUTUIATUAUVBINITINANIZHADAADALAILU 1]
o a A o d a 1 A d [l o
pas Iinansazautas MINUIIUINVoIsad¥iaa1e 9 Mdluamilszneuveiniavasa
A 1 I 9 dy = A A J . @ ..
1809 1B aaNANBITsUaAIADA, A15AADUIYAA (extracellular matrix), ViU (lipid),
ADLAAIND50A (cholesterol), AT (calcium) aza1sou o Anuludea Taemsazanved
1% 1 I 9 s A @ A o a a . . 1
asaananumeg IimaaoymisvaoaaeauHAUNA (endothelial dysfunction) AHa

a

IdlimsnaaasniiihIdvasadeaveedianas Tnavh 1d luiuneglunszudaeasianila
A A 1 . . . a aaa a @ [ A d o 4
N3N low density lipoprotein (LDL) LﬂmJgﬂimaaﬂ«vmwuﬂumsmﬂuauwumm
A o ! I .. I o
pondau 11% LDL waesugilliilu oxidized LDL (oxLDL) ilumqldwmisnasaidongn
o = [ ~ da! [ [ 1 =1 Y Y s A
asuazlimsonauigunsawndu lasnmsonduainanziina lnszduliigadiony
@ A s Y dy =3 A Y @ A A L c’”
misvasaeaLazaana uieiFounasaenas1auazata1snizendt <l la'la
(cytokine) l1/ns Wjj UNITNIIUUBY monocyte chemotactic protein -1(MCP-1) 118% macrophage
, s A 7 Y
colony-stimulating factor (MCSF) @rama lfisadiliadonu1diia 1u Tu'lyd (monocyte) Faii)u
< A A A A 9 o o = a
Wadeavnanunertesnunsenauluseuy Ivadeulatia uazuualasvie

A dy A v A Aa 1% <A s Y a
(macrophage) ﬂ@giulu@m@ﬂiﬂﬁﬂiﬂﬂ!ﬂﬂf‘ﬂif‘)ﬂlﬁ"ﬂ l,llﬂlaﬂﬂslﬂ’ﬂuiu]l"b’ﬂﬂQﬂﬂigiﬂi‘l’ﬂglﬂﬂ



45

A o d? A I A o a v A [ @
s Uy tazldsulautiuuua laswanesunu luiuiazaueglumisiaon
{ [ a < I % 1 {
woamenszUINmMInizeni v 1a'les InFa (phagocytosis)” Fuiluna lanilaveasranen
o v A ~ 1 H o A Y 1< A 2 <}
weewivadalandaouieglusumisvesraoamon livua 11 ualadeavrumainiun
Il ° o { [N o 4 v oA . qe
luawnsorhate lviunazanegiludiuauinn’la TaaiiounnTasWia9zduAY oxidized LDL
mldimsazanveslviiungniviululeTanarady (cytoplasm) voauualaswio Foni
4 a o s = T o q ¥ <
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MCP-1, MCSF
© ..'
0e® Thrombus
« /T o
Monocyte @
Monocyte
LDL
- Endothelial cell | ® - Damage Endothelial ).
= Atherosclerosis
3 — = |
oxLDL. ¥ Foam cell plaque

Macrop!

a a <
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nalfnsereengmdusinld LDL waesuzlliiilu oxLDL vlvinasadonlasy
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anudene (2) msonauii1d local cytokine naunudu lnszdumsiinuves

MCP-1 tag MCSF #111% monocyte 118 % macrophage ¥1§90F U NTAITONIA D

1 o A

A v A o zg A I
(3) monocyte NUIFHUINADALADALAIWNITUIUYY wazasuudauiu

U

v A

macrophage tWodunu lusiunazaueglunisaondondls phagocytosis (4) N3

e ﬁmm"lmﬂ’uﬁgﬂé”uﬁuclu cytoplasm U®4 macrophage 390 “macrophage foam
a o o o 9 < I = = A o

cell” (5) 1NANITIIUNUUBY foam cell muauummiwummmﬂmmuﬁmaamwm

A s A o A s 9 A o A a
GRIZIGEN (6) aalgelAuIviaoaladallazigaanaluiuelsguiadalaoaing

9
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= 4 A 4 4 =3 3’;
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A A A 3 o Y 1 A o 2
YOIAWIADANUIIAT (thrombus)Hi g 1gnizudidon lgadunasalion
HHYYA: LDL = low density lipoprotein, oxLDL = oxidized LDL, MCP-1= monocyte

chemotactic protein -1, MCSF = macrophage colony-stimulating factor

(ﬁjﬂ: aai1)a391n Gordon and Libby, 2003; Park and Oh, 2019)
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1) Msmiviviaea@eaalinsveef (vasodilator effects) totmsadialuas
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Y A A s A o A 1 Y A o ]
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7uAa (Cahill and Redmond, 2016; Deanfield et al., 2007; Gkaliagkousi and Ferro et al., 2011)
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2) mstmmmsmmmmmaawaané’maﬁeﬁw (antiproliferative effects)
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LﬁamamﬁauNuwaamﬁaﬂﬁmmmﬂﬂm (endothelial dysfunction) mldumsadialuasne
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3 A 9 . o q YA A o A A P
ﬂﬁ1ﬁllﬂuﬁﬂ13$‘ﬂgﬂﬂ§$${]u (Synthetlc state) ‘wﬂ,wuﬂmwummuua3mimaauwmmwaa

9

(smooth muscle cells proliferation and migration) nnrisraeaeatunalellfimisvaoa
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now Inged (apoptosis) GhRE (Heller et al., 1999; Schwartz et al., 1997;)
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3) ﬂ1§ﬂﬂﬂﬂﬂ1§!ﬂ13ﬂlﬂ@!ﬁﬂ!ﬁ@ﬂ‘lﬂ?ﬂu!mﬁﬂ!ﬂﬂuﬂuﬁ‘ﬁﬁ@ﬂ!ﬁ@ﬂ (anti-
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adhesive effects)iuﬁﬂ’ngﬁﬂﬂ@ﬂﬂﬂ’liﬁi'Nl,lagﬁ‘ﬂaﬂﬁ’lilluﬁiﬂf]@ﬂllcﬁﬂﬂ$1ﬂ111’“ﬂﬂﬂ’l§ﬂ\1ENﬂ’]i
A A A Y @ = < A A a a S
LgﬁﬂﬂaaﬂﬂmﬂﬂmumﬂmﬂlmmJmiﬁlmﬂw@ummmaa@mnﬂuanmmwaa 1¥U vascular

cell adhesion molecule 1 (VCAM-1) it ¢ intercellular adhesion molecule 1 (ICAM-1) Taoay

9
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VEIN159191U 09 nuclear factor-kappa B (NF-kB) Inavilvinisuaaseenvesllsiu
o ' 1 ) o I~ < 2 A o A
aana1nanad adliaansonidunguusInInmsavouliamoav1nlumisnasaaon

a I g’/ a
(leukocyte infiltration) tazmInaiiy plaque qﬂﬂummmﬁaﬂ (De Caterina et al., 1995; Peng

et al., 1995; Rubanyi, 1993)

4) mstlesnumsiial §3eneen®iadu (anti-oxidative effects) luan1iz i
1 = o A .. . o Y a = S o . .
snmﬂuhlmmclmaaﬂqq (hyperlipidemia) M 1HINANINIAT IADDATIATL (oxidative stress)
o q Yt Y A g o @ a . . a X
‘VI”I(lﬁllﬂTiE"f’iNﬁ”li‘]Jizﬂ@ﬂﬂlﬂuﬂuwu‘ﬁﬂjﬂﬂﬂﬂﬂ%mu (reactive oxygen species; ROS) 1N
] 4 4 4 4
wu gililoSoon laanoulooou (superoxide anion) laTasiunlosoonlad (hydrogen

Y v
peroxide) 11z lansondaisAnoa (hydroxyl radical) Taoa1smariaz i ld lvsiunoglu
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5$‘U‘Ullﬁal')ﬂul,a@ﬂlﬂﬂﬂgﬂﬁﬂWﬂ@ﬂ“mﬂ%’u (oxidation) ﬂatﬂuﬁﬁﬂwﬂmmamﬂauwuwa’aﬂ
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wannsndusamsnalniendeduld (Ray et al., 2012; Wink et al., 2001)

4. MITUMUDANTHIATH (Metabolic syndrome)

ANZWNIOAN (metabolic syndrome) 1#30MTINT1 “N1IZBIUAING HIBD
NN INMININANINANUARLNAYDITZUUWIHA Y TUT19NE (metabolism) tAan1w Tiauga
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2009; Alshehri, 2010; Rochlani et al., 2017; Swarup et al., 2020)
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(Unamuno et al.; 2018; Zagotta et al., 2015;)
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o ya a o Y A o 9 1 J 1 9 =
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VU 1HANILIAIIADOATIATY (oxidative stress) ASINABDUYABDATE (free radicals) BONUN AR
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Halunisiiateudsaa (Beta Cell) Tudueey NMUINNAABUYAUFOS 1Y (Insulin
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Tuidenge dewaliinan1izAodugan (Keane et al., 2015; Lopes et al., 2008; Rolo &

Palmeira, 2006)
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413 msmauiidalnAveuoyisaariaoalaen (endothelial
. 1 = (2 901 Y = = a 1 =
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Sena, 2017; Kwaifa et al., 2020)

Y % H A . N
4.14 msqﬂﬂumae‘lmuuﬁﬁaaﬂmaﬂum (atherogenic plaque) 1o
1 = -9 = J . . I~
sumetianznialuiulasndmelsa (triglyceride) waz laaamosea (cholesterol) Gl,umaﬂqa
Mininmsazanvesnsiu luguiiboyniisrasadoa (endothelium) U UN1TH19IUN
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wﬂﬂﬂmmwauwaawaamam danalivasa@eanuuauInas Iy luaiy (plaque) ®39INA
Y 1
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(Kwaifa et al., 2020; Letra & Sena, 2017; Park and Oh, 2019)
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T3 NUUIUIBIA (International Diabetes Federation: IDF) Tae 141l unaaitlszdiunig
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432 Tsanaoataon¥i11a (Coronary artery disease): NN NIVDAN-
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wmuedangulasuisasimsina lsnrasaaeaidlagendane uazwua 72.9 ulesigua
{ a a IS @ J J {
vouniinnzwmueandulasuiulsalsanasadeniale uaz 23.7 nleSisudvesdnil
a a I [ a
Azwmueangulasuiulinnudulaingd (Grundy, 2012; Lim et al., 2011; Qiao et al.,

2007)

v a
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etal., 2012)
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a td'd [} ) Y d' 1 a Aa A
¥oUNUDIMITN Juain wazIaaanosoagd 9129 IR NIANTHANINANIZIMVOANT Y
o q Y A A w A ) a ya @ 2 A o
Tasu Tagsn 1nimsazavvoudiowe lniunyeanewazusna ldniimiunnvy uaslisyau
= I A .é’ a 1 a da/ A 4 ?,J % I o
"lmiﬂama"lmiumeﬂqwumumﬂfm wonvIninsanLeansdeauazionanlluilszan
a o < A A %} 9 .
M3NU811158 15931910 193974 (processed foods) NU1I1aWgATaaa1nT1I Ina (high-
@ J ~ . I 1 o Y
fructose corn syrup) Tusfunsud (trans fat) AU YINYY (magarine) Wuarudsenoau v
1 H Y
nfwﬂammﬁﬂmemimﬂmagﬁemequau TSN HAZINANIZINNIVOANFY IATY

(Feliciano et al., 2014; Nettleton et al., 2009; Padwal & Sharma., 2010)

3.4.5 M3vaeenidime: fhviaesntiaineazii il lemadodonts

a a A FY 1 9)4' o W I ) 1 sld' 9 1
mannzmmueandulasulauinnignesnmaimeiuilszd Tasnungnldnaraiu
Ta Tunmswenn e  wag'hildeenfademelinualdufvemsinanzwmiveanla
AR A 1 o Yo w o w < o A I
winnNgnimsmaou lvaseme mouunuldiias uazeonmidsmaiiuilszs Aaiu
9 o o A o v Jo A da! 9 Sld'd
Fovaz 73 Tagduiuna1veInsialaNuduiusiIuMsvNYeudusoue TuhnuN1IL

9
#u uazmazﬁa@wgﬁu (Bankoski et al., 2011; Longo-Mbenza et al., 2011; Myers et al., 2019)
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Sagilsyasd

4 o J o w o 3
1. Lﬁ@ﬁﬂHTﬂWQﬁqulﬂﬁGﬁéﬂau‘a’f’]ﬁﬂiﬂl@Q@nﬁ‘llfﬂﬁ’]ﬁﬁﬂﬂ%ﬁlﬂn’i\%ﬂﬁzaﬁqﬂg’n

ae'lanas Tsimu (Kaempferia parviflora rhizome-dichloromethane extract)

2. WisfnyIwaveIMstleumsuaasananniInszmemany
= o Aaa g Y] d
lanae Tstimulunyusnionandiailunainiu 6 dilaide
4 Y Y v
- MINUBIMIT HMiinad miinedezaelu wazaimin lviiui
[} [y} a ya Y]
oz neluuag lvsiuusnaldnivigs
Y

- szAviaa wag i lu@en (Glucose, Triglyceride, Cholesterol,

LDL ttag HDL)
4 <

- mmﬁuuimmmmmﬁaﬂ (Complete blood count: CBC) LagN13
Mmauvesduazla (Serum glutamic-oxaloacetic transaminase (SGOT),
Serum glutamate-pyruvate transaminase (SGPT), Alkaline phosphatase (ALP),
Blood urea nitrogen (481 Creatinine)

- szAuANUAU lu@eAMAY (Basal mean arterial blood pressure) LA
@ 9y o dy
BAIIMIAUVOINITINUF U (heart rate)

A ° A A o =
- msnlasulasmsmauvesriaea@eaNAALENBOANIANEINDN

A1 (Vascular functions)

! 9 o o A

A = A Aa
3. LW@ﬁﬂB']ﬂ']iLlﬁﬂﬂ@@ﬂﬂl@ﬁiﬂﬁ@l1!1/]LﬂfJ'Jan’Nﬂllﬂ']ﬁﬂﬁ']f]@'l'l"’llf’)\?ﬁﬁ@ﬂm@ﬂ

(Expression of endothelium nitric oxide synthase (eNOS) and cystathionine-Y-lyase (CSE))
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aquazgilnaas

v d
1. anINAaag
= Aav g’/ tdy 9 v 7 . 9 1Y) 4 %} o
lumsaneitensail lFnyusnareus Wistar e 01g 7-8 dilat i
@ @ ) @ o Jd 4
A1152119 300-350 N ﬁ']ﬁﬁﬂﬂ"lTV]@ﬁﬁNWWQﬁWULﬂﬁ%ﬂaUﬁTﬁﬁﬁ ﬁ?uﬂ?ﬁﬂﬂaﬂﬂlﬁaﬁﬂHW
£ @ 4 ¥ v o
ﬂ15ﬁ]ﬂﬂq%‘ﬁﬂ1\1%3ﬂ1w ﬂgi%}ﬁl‘éllﬁﬂﬁ'lﬂwuﬁ Wistar L‘Wﬁéj 21g 12 -14 Lﬁ@u HIMUNA
[ 4 dou 1 a a o a
ﬂiglﬂm 550-700 NTY I@8%@%1ﬂﬁuﬂﬁ@'§ﬂﬂa@\1llﬂ\1%1@ UN1INII[gUNAa (A10181)

rdaunslgu
2. ayulns (nsz31ea)
o . I 1
Tdminszanediaa o1gulszanm 8-12 wou Fedaluszdeududiaduy

k4
Wiom Taedado91nsunogiso saniame 71U 100 N lansy

d o (Y] (Y] o o W
3. Qﬂﬂﬁﬂ!ﬁﬁ'ﬁﬂﬂ]‘i!ﬂ%ﬂuﬁ1‘§ﬁﬂﬂﬂ§$‘ﬁ1ﬂﬂ1 HagnIven

Lﬂ%mé’uizmmmuwyu (Rotary Evaporators)
A o Y A <
- IATONMHALLU VLD NLUN (Freeze Dryer)
- iageauauia luih
- UYNANEIS (Stirring rod)
v X @

- ngmﬂﬂmmw (Desiccator) Loy ﬂuqtytywmﬁ (Vacuum Pump)
- vagiruvinan o
- 91UUA7 (Glass Petri dish)

~ S 9 [
- UANDTUNIVUIAAN ©) (Beaker)
Y 9

- AMUMIUN

- W13 Wau (Parafilm)
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A~

4
agiitleunoea (Aluminium foil)

4. ginsaidmSumsnaaesmednundvaaumans

Autonomic pipettes

Insert vial YU 200 pl

Symmetry” C ¢ columns (5um, 3.9 x150 mm)

Vial ¥U10 1.5 ml

Lﬂd’i‘m High performance liquid chromatography (HPLC)
HP1100 system (Agilent Technologies)
Iﬂilﬁllﬂﬁ'lﬂclﬁ'lﬁﬂ W%@llﬁ?ﬂ

M TuTasiou (Nitrogen gases)

HaoANAaDIVUIA 10 ml (Glass tubes)

¢ o [ o
5. qﬂﬂimaTﬁﬁUfn5ﬂﬂaf’]\‘iﬂ1Qa1uﬂ1§ﬂ]ﬁ1umﬂﬁﬁaﬁﬂlaﬂﬂ

2] o I [ J
MwAN5 1UaY (Carbogen gases) 1HUMFNAUTEHIIN 95% O, + 5% CO,

m’%mmuquqmwgﬁ (thermostat heater criculator), Model D1, HAAK

IATDIFI0619821089 Model AE200, Metter

A = 9 4
1399 UNNA1319n 3 (polygraph), Model 7 DAG Wianqﬂﬂim
Uszneuaiy tachographpreamplifer, Model 7P44B, force tranKucer, Model

FTO3 uag pressure tranKucer, Model Statham P2, Grass

%9 Isolated organ bath dmsulavana@en thoracic aorta

gansodiiodmiuidadainaans

¢ A Y ' ) 1A s
Qﬂﬂﬁmlﬂﬁ@ﬁuﬂ?ﬁ%‘l YU TULNT GU'Jﬂqﬁj‘]JG]ﬁJW“ UNINDI

¢ o (Y] o A A Y 2 A A o
6. Qﬂﬂﬁﬂ!ﬁﬁ"ﬁﬂﬂ1‘5ﬂﬂ%H!uﬂ!!ﬂ%ﬂﬂﬂﬁﬂl@ﬂ!uﬂ!ﬂ@ﬂﬂ

NFLATHETL
4

{ o & 0 < .
IATOIAATUILBIUUTIANEY (Cryostat Microtome)
Toudrdwmsudoud (Staining Jar)

9

= 1w k4 Y = 9 o o &£ A
slﬂllﬂw']ﬁﬂWif)llﬂ']lJ LLﬁﬂ‘UNﬂﬁWiUﬁﬂ%MWﬂ

urva'lad (Glass slide) WianuRUIA (Cover glass)



NaANYAT13 (Dropper)

d o v o
7. qﬂnsmmmum‘sm Western blot

gazasInN

96 well plate

Autonomic pipettes , Model 5000, Nichiryo
Nitrocellulose membrane

Transfer tank

a

1A304 Centrifuge HUUAIVANYUHDL
Lﬂd’i‘m Ultrasonic probe sonicator

A3 0V ATHUDEY (Vortex Mixer)
Lﬂ%mfhmmuummmau (Orbital shaker)

193 9990EN9azIBEA Model AE200, Metter
YagUniald MV ouaaIU Stacking 1Az Separation

J o o o
%4AR1lnIald 11T UM Western blot

1. MIANTHSUMIATBNTANANAZAIST VN

Dichloromethane (CH,Cl,) RCI Labscan, 15§ BINIM
Ethanol (C,H,OH) RCI Labscan, 13 goism
Kollicoat” IR BASF SE, 189511

o v o (%) d
2. muazmsmﬁmmummmﬂamé’mma‘muamam

Acetonitrile (CH,CN) RCI Labscan, ﬁw%’gam‘%m

Deionized water

Dichloromethane (CH,CI,) RCI Labscan, 15§ GISVERE
Heparin Leo, AUNIEn
Methanol (CH,OH) RCI Labscan, an3goiuini

Trifluoroacetic acid Sigma, A1155® YRR
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3. muazm5mﬁé’rm%fummsma’aeé’mmsﬁnmmmwaaﬂsﬁaﬂ

- Acetylcholine (Ach) Mycomed, szimeauy ﬁ f

Ascorbic acid
DL-popargylglycine (PAG)
Glyceryl trinitrate (GTN)
Heparin

KCl

KH,PO,

NaCl

Nembutal sodium

NG -nitro-L-arginine (L-NA)
Phenylephrine (Phe)

U1nau (Distilled water)

71502018 Kreb’s Heinseleit solution

Dimethyl sulfoxide (DMSO)
Gelatin

Glycerin jelly

OCT compound

Oil red O

Propylene glycol

11nau (Distilled water)

. M3ANTIHSVI Western blot

40% Acrylamide/Bis solution
Actin antibody
Anti-mouse IgG,

HRP - linked antibody

Sigma, ANTFOIITN
Sigma, G113 §OINTN
Mycomed, 1115
Leo, UMD
Merck, 05U
Sigma, A¥5gOINTN

Merck, 189541

Abbott Labratories, 17’ 3 DIUTM

Sigma, A¥TgOIITN

Sigma, A¥TgOIITN

A o (Y o A A YV Y] d
4. misﬂuamsumiﬂﬂmamaLmztlau"lﬁlmummwaaﬂv

Merck, 10TN

[ a

Sigma, AHIFOINTN

9

[ a

Sigma, ANIYOLITN
Leica, AN3g0IIM
Sigma, A¥TgOIITN

Sigma, A¥TgOIITN

. a Jd A
Bio-Red, unavosiiie
Cell-signaling, 5\‘1ﬂt?|‘191

Cell-signaling, 5\‘1ﬂt?|‘191



Anti-rabbit IgG,

HRP - linked antibody

Bovine serum albumin powder (BSA)

Bradford’s reagent

EDTA (C,,H,(N,O,)

Glycerol (C,H;0,)

Glycine

Hydrochloric acid (HCI)
Low-fat dry milk

Methanol (CH,OH)

Mouse monoclonal cystathionine
gamma-lyase antibody

Ponceau S (C,H,\N,0,;S,)
Rabbit monoclonal eNOS antibody
RIPA buffer

Sodium chloride (NaCl)

Sodium dodecyl sulfate (KS)
Spectra Multicolor Broad Range
Protein Ladder

SuperSignal West Dura
chemiluminescence Substrate
Supersignal West Femto
chemiluminescence Substrate
Tetramethylethylenediamine
Tris base (C,H,,NO,)

Tris-HC1 (NH,C(CH,0H),HCI)

Y '
11nau (Distilled water)

Cell-signaling, Ec)uﬁﬂf]y

Sigma, A1 T30ITN

Bio-Rad, tnawlesiile

Fisher Chemical, @+ '%Jjgf DTN
Amresco, ﬁ‘ﬁ%ﬁmiﬁm
Amresco, awﬁ"gmaﬁ

RCI Labscan, an3goimusni
Fontera Brands, ﬁﬁuauﬁ
JT. Beaker, A3 §OIUTN

Cell-signaling, 94 113)3]

Sigma, A¥TgOINTN
Cell-signaling, ’5&ﬂi’|191
Pierce, A1 T3013N
EMURE, an3goiin
Amresco, THIFOINTM

Thermo, AN3FOINTM
Pierce, A1 T303N
Pierce, A1 T90I3N
Bio-Rad, inawesiile

Amresco, THIFOINTM

JT Beaker, A3 gOIN5n1
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https://www.thermofisher.com/order/catalog/product/34076
https://www.thermofisher.com/order/catalog/product/34096
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1. MSA8NEISaNA wazisvenasananninszedinlelanaslsiimy

L1MSASaNaIsanareIuaIMnIInszriga1alelanaslsimu
(Kaempferia parviflora rhizome-dichloromethane extract; KPD)

o &} Y o A A A 1 9 Y I A

Tageriinszanedda Nerglszum 8-12 wou Worgialuszdouilud
[ 9 A o 1 A o A [ [ a o
WaurIoM Mnuraslgnidunegiie daiame Uszuna 100 Alansy

9 1
%

)

° 9

YUADUN 1 : “LlTmQTﬂig%WﬂﬁWMTé}WQiﬁ}ﬁg@Wﬂ ﬁjﬂllﬂﬂaﬂﬁﬂﬂu@@ﬂ HazAn

<L v

\ Y A L q v v A Ay A A Ya Y 9 ¥ Ay

druveunirning udmeliudeigungiies 1 Au e ldrmiveundwteninmiingn
g‘/ o o g o a [ o I 1 gj 4

nntui ldFaihmia ( flansy) Wty q nmivualiaziBeadiomseaua i da

' { g [l ° Y ° H <

dauniludinesdvendleniinges iinindld ldevuisdredevaniondlszuna 24 42 Tuq

I o 1 %’ g’/ o { Y] {
Taumnsznemeuuiaidiraimarty mnuiinmninla lanadae 95% ethanol 1

'
| o v 1 P

a gy A A I 2 o A S 9 U A g
PUUNHUYIDI UIU 3 AU olunsivadIumIuan19aIvnase uaInsosd vl

4 F v
(% [ ) =

Y
° ] [ I
VDK AIDDNUN (%mmauw) aANALT 2 AT !,La'JuWﬂWﬂVl‘lﬁnl‘]Jf]‘UL!’ﬁ}Q%ﬂﬂiﬂ %z'lﬁ’yﬂum?w

oe

o Y Aaa ?)J J I~
NIEMIEMOUUHINITNMasoU (JUN 14A)

9
%

v v Y
Tuaoun 2 - M inszean laannsana luiuaouLIna1e 95%
% vy . Ja = v oo o 9 o
ethanol Tadaaea18 100% dichloromethane Iagld75Ms@erdunumsanamiingzyea
1 A g = [ %’ ‘9}1} g}z o ~
@18 ethanol HdINTBIA NI UVDIMAIPBNN (F1MADI) ANAT 3 AT IMTUINVDIAIN
o 9 d’ < 9 o (% d' Y [
18"l naudenseanausimenuunyu (Rotary Evaporators) tathensanan lanasainms
& o o . a A n Yy &
nau 11U dichloromethane NDIINAUNADDYDNAITINIY Vacuum pump UIU 24 SRRSIR (gﬂ
N1 14B) dgasananlonyasduriia A1Maed uazunauvoy Genaisanan baii

“Kaempferia parviflora rthizome-dichloromethane extract” W30 KPD 3 1 15)
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A
fwhanuazawm 2 v s .
F311%4in 1 Hlaniu udiiu
— :I
iy g ninivunazidea
¥
U
: HAZT W
CIIT ) FNAEs
— _
¥ . v
VNI WATUAIMNMS 930% ethanol lﬁs’\ﬂiﬂ]ﬂdmﬁln’l’i
N3adnfag 95% ethanol

MNRTEEALAINT

s Vacuum pump
ﬁ 1
&
KPD

Na1aPAAW 95% ethanol CH,Cl, Evaporator

d' 5 & [ 9 o ¥ =
31]‘" 14: u,ﬁm“uuﬂ’0umimiElllmiﬁﬂﬂmﬂmﬂﬂix"]ﬂﬂmmtlulﬂﬂaaimmu

v H 9 '
YUADUN 1 (A) UazIUADUN 2 (B)

510 15: naasmsanannmdinszanesidie lanae Tsimu (Kaempferia parviflora

rhizome-dichloromethane extract: KPD)
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1.2 MI3eumsSumsananImmnszs e

MSATINAITY Solid dispersion via solvent evaporation Harudsznoy Avil
1) KPD 50%
2) Kollicoat” IR (PVA-co-PEG) 50%

3) 100% dichloromethane

o v [ k2 . a aa
UIF1Ta8n0A KPD1nsuazsalgaleyg 100% dichloromethane S Uaqaa®g
@ [ 9 o . ® 9
(®A5189U 1: 5 (W: V) 581va15 KPD aza189unua 1aziiig1s Kollicoat” IR ¥1aLa180 738
. [ ' @ g Y o )
100% dichloromethane Ju8a31a A8 Y 910U IR Ia1saza1eniaed fe a15azale KPD
. ® Y o ' 9y 9 g < A a o
1ae Kollicoat” TR MINF NN U IUOATITIU 1: 1 aau Ia1snedesnd il uidomedny
S ] g v Y o o o . { ay Y
nnumasilaldaslunisuzihinnde udanilisda dichloromethane Ngaingiies aae
o Y I Y = A = ' . ® .
Vacuum pump U1 48 7 134 Tadluaisuiadmans iSen31 “Kollicoat IR - Kaempferia

parviflora thizome-dichloromethane extract”; K-KPD (gﬂﬁ 16)

310 16: naasduazanyUL VOISV Kollicoat” IR - Kaempferia parviflora rhizome

dichloromethane extract (K-KPD)

[y d o
2. ﬂ15ﬁﬂ‘H1ﬂ1ﬂﬁ1u!ﬂﬁ‘”ﬂﬂﬁ1ﬁﬂiﬂlf’)@ﬂ1ﬁﬂ K-KPD

2.1 ﬂ]ﬁlﬂ%ﬂuﬁﬂ'ﬁ‘ﬂﬂﬁi’)ﬂ
Y v J . 9y (% s 3 o [
Gl%ﬁkllﬁ%ﬁ"lﬂwu‘ﬁq Wistar (WFIR 818 7-8 d1ia ¥mn 300-350 N5
Jdo J ] a a 1% a &2 o dy A o Y
IMNFUITAINAADILKIFIA UH1INYI1AYUHAQ “]Nu”lll”ll,afNVIﬁﬂTuﬁ@]'JVlﬂﬂi’]\iﬂTﬂcl@]
a @ a 14 a o ¥ 8’, a
UEINYIAYTIVATUATUNG Gluﬁ’mﬂ’mﬂuqmﬁ{]u 22+3 C f"l'ﬂlle?ﬂ! 40-70% Tﬂﬂﬁﬂna“ﬂﬂ/

= |l Q'/ {S)'
o'l uasanyila Shuna 1212 $21us 1o 1is uazinamdesns (ad libinm)
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o Y o (Y] o d
2.2 m‘im%ﬂumi‘um K-KPD mﬂsuﬂi’)uaﬂ’mﬂam

115U K-KPD 1nmseimdSuaanududuueaa1s KPD aremaidia
HPLC 9035015904 Yorsin et al. (2014) TaonfFoumeuduaisana KPD Mmiluaisaadulu
A o w A 9 ° a A 9 = Yy 9
MIwnaadmsue o lFlumsmuiardsunaveseneglddouldivnaanududuyo
KPD 11101 100 mg/kg Win1snaaselagazraivdls K-KPD A28 100% methanol (HPLC
grade) THiaNududu 1 mg/ml 2@ 10 uL 1911509 HPLC ju HP1100 system (Agilent
Technologies), Symmetry” C,; columns (5um, 3.9 x150 mm), detect @28 UV- DAD (200-600
nm) UALFE column A2 gradient flow ¥®4 methanol: water (10: 90—>100: 0) 11 C,HF,0,
IS J Y v . a L4 = A
0.05% Husnisznou Tasldens1nslva 1 mimin flow tazdairzivilSuaueaaisi
< 4 [ o = @ =
Wueenlseneuvianves KPD (PMF, DMF uay TMF) Tagaiuiunfseumeunulsuiaves

o A Y 9 ' Yy v a Y Y ax ~ )
a13dana KPD °|/|°|/|§T]Jﬂ'J']llHlilmu@gﬂ@ulla'Jﬂ')f]ﬂ'ﬁﬂﬂﬁ'ﬁ!ﬂnq HPLC a3835N13A830U

2.3 Pharmacokinetics #tag Tissue Distribution

g’/ g [ 4 1 I 1 [ 1 o
GluﬂWiﬂﬂa@ﬁﬂﬁﬂﬁﬁﬁ'Nlﬂﬁﬂﬁ‘ﬂggﬂll‘ﬂﬁlﬂu 2 f‘l@iJfJ’f)fJ ﬂ’s]llﬁ$ 681 Tﬂﬂ
o o ' ' Yo =2 A Yy 9
amwﬂaaumazﬂqmﬂmu K-KPD ¥4119 200 mg/kg ‘1/]1\‘]“]J1ﬂ HFIUANULVUUVUUDI KPD
Y a 4 o w a
MY 100 mg /kg ('JLﬂiW$°H1’TT]ﬁ§3JTf,l!ﬂ’NiJlﬂgljiJeﬁ’u"ll@\iﬁ1i‘]Jﬁ}’Jﬂﬁ/]ﬂuﬂ HPLC)
VoA < [
GENN] 1 Lﬂ’ULa'ﬁJﬂ“ﬂN carotid artery wmmﬂﬂau K-KPD
0, 30, 60 LA 90 WIN
oA < [
GEN] 2 Lﬂ’ULa'ﬁJﬂ“ﬂN carotid artery wmmﬂﬂau K-KPD

1 120, 180 240 uaz 360 WA

o < an . o
NIN3LNY blood samples AINITUDY Yorsin et al. (2014) Tagndaninmsilou
9 v
qA1TITAAUNYLUITN @18 Nembutal (50 mg/kg, i.p) 910 U U cannulate N ® polyethylene N U
. < .
Heparinized saline W1 carotid artery BIGEEERE disposable syringe YU 1 ml Nan 0, 30,

) o [ { I~ H o o , '
60 1Az 90 W dMSUNGUA 1 uazinu@en A1 120, 180, 240 taz 360 WA MTUNGUN 2

{ g o ' 4 . 3 o
meanny laeziin 1y ldluvasainniu 13828 heparine (duMsHTIAIVD
A Y o Y 4 a A 3 Y g T A
oa) g1 1w desuu 10 uIH AR50 4000 rpm NATMA DRI AU Y
Y Y ] [ ~
plasma 1111anaznou 11/5AUAIY 100% acetonitrile (W11 2 AF9) a1 T T ey uay

] ¥ 2 1 o W .. § )
%ﬂﬂi\‘i MNUUNULD T IU acetonitrile 11‘]Jfﬂ§]ﬂ acetonitrile ﬁ?ﬂlﬂ%@ﬂﬂauﬁglﬁﬂllﬂﬂﬁﬂqu LLZ%}'J
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o § o .. . . <3 1 {
1W1veamadIn1a 119 partition extraction @28 dichloromethane U@ N VaIUNaza1slu
dichloromethane 11199 dichloromethane ﬂﬂﬂﬁ?&ﬂ%@dﬂﬁlu’izLWEJLL“]J”U‘HM‘LJ Wrasuian

vy A o a I'd a
1aurazatelu 200 pL methanol (HPLC grade) tWe1i1113as12 4105 v vead15 PMF,
DMF 1182 TMF @2810394 HPLC a1u3smsuazmana@ednununimsiznmlsuaniy

[UAUYDIAT KPD @INNauIaIv198u (Yorsin et al., 2014)

g’/ o @ Y . . o w I ¥ { o 1w
VINUUINMIAARDNYITNAIY guillotine MIRIABABDN 1A IAMINTgA Lazhmmdaan1Y
2 o Ao w Y 1w A = ~

usn nuedeazarelufidiny laun du la uazaues efnyInNIsazauveId1s KPD 0

@ [ g‘/ @ o w g‘/ o [ @ [ o %l o o 9
pimzmaniunainnmstloudsuer mmivhedorzawnan lisuiminuaziuiindoya

Y ¥ o w ' a o & £ = v ' < gy o 2
¥ udnihedorzusazsiaudadluduan o uazuaazideaale Inavuia@n 9nusuy
A A Y, v ¥ . o ¥ 2 2 a4 .
ionuauanldanadae dichloromethane ¥4 2 59 iNuduNaza1elu dichloromethane 1)
y { { < Yy [ { .
TUMIgauIu 10 W1 NANWEITOU 4000 rpm UAANLRNIETIUNAza18 11 dichloromethane

9 o [ d‘ a J = o 9 as =1 Y] [ a 4 o @
uanih hadame g mlsnamsdinyaeIsmaRenuiumsins g imasdian

Twivden (317 17)

Pharmacokinetics study %
-]
4]
f.‘fndded Acetonitrile
. LT
Treated rat Collected bload |y |
Male Wistar Rats 7-8 weeks Blood samples
weighing 300-350 g
S -
o L
. . . Added Acetonitril
Liver, Kidney and Brain & :f_:_ni._e*. . ;
Homogenized Centrifuge
Orgm sampleg ﬁ-
) /
HPLC Analysis £ = [ |"
- B Supernata
= —

-
@l‘:;" Blood samples
- Organ samples

' )
@ @ 4 o w
gﬂﬁ 17: Llﬁﬂ\i"l]ug}f]uﬂ'ﬁﬁﬂﬂ11/”\19%]1&5]?(%%@11!?“?(@]56“@\3gnillfn K-KPD
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[ a 4 a o 901 v o w
ﬁﬁﬁ%?ﬂﬂ?ﬁ’)LﬂﬁWzﬁﬁWﬂiN?ﬂ!ﬁWﬁﬁWﬂﬂJu1“”1L56@ﬁﬁ@ﬂ151ﬁ@13ﬂ81
~ ¥ a ES o 1 Ay Y o 1 a J o J
K-KPD nthnineansane? %WﬂuuuWﬂ'l‘ﬂulﬂiﬂﬂWl!’JmW'lﬂW‘l151N1ﬁﬂiﬂ1ﬂlﬂﬁ%ﬂauﬁ1ﬁﬂi
é Y U 1 (% tﬂy
#3152 NOUABAIN € PNU

o Y o ¥ A
C = 5zﬂummmmumﬁﬂmmaﬂummaﬂ

max QA

] I a a o 1 a Aaa
nialluliadniuaeiladdas (ug /ml)

g}

T, = nnfszduamduduvesenluiudendsedugaga
Tieduga Tue ()

AUC ¢, = 17187519 (area under the curve) se¥ AT LVEE7
f181 (0-6 3 T19) Tmitedudadnsy $1Tusnelaaans (ug.h/ml)

K. = sasimsisasiesnainiamenewiiaonitonal
(elimination rate constant) ﬁﬁli’:lﬂ!,‘ld]w]?b’ﬂuﬂ_l ™

T, = MASITIAVIMIFITALT (half-life)

Tnvefluga Tue (h)

3. MIANHINANIIATIINSMALINTB INEN

3.1 ﬂ1§!ﬂ%ﬂﬂ£fﬂ’iﬂﬂﬁ@)ﬂ
9 Y] 4 . Yo aa A %} ]
“lwumwmﬂwu‘g Wistar INAIRIUNANTINDE 12-14 1D U wmundszunu
@ v o : g a ° f
550 - 700 3y MnAnIUdAInaasnald Fudeslutesniuquegungil 22 +3 ¢ anuu

40-70% Taoaanandaalalii uasaiedia Wunar 1212 $2Tus 1o uaziiian

A o v

v a o
ADINT (ad libitum) zYNOMIBRYTRT tazIidainaaosquBunuanmadonlu
Y I o I A o
Yoanaasauiluna 1 daineuisuiinnsnaaes

[

4 1 I J 1 @ dy
Glumimﬂamﬁ%umwwﬁmamﬂu 3 nguANauNaY 7 a3 (N=7) Agu

un 1 deuiinau (Dw)

=h.

N

(3

9

U { A a o A [ ¥ v o
ﬂf;:!ll‘l?l 2 ﬂ@u Kollicoat (K) ¥u19 100 llﬁﬁﬂill/ﬂiﬁﬂiﬂ@]@lﬂﬂﬂﬂﬁl
U { A a o A [ ' ¥ o

Ej‘ll‘ﬁ 3 ﬂ@u K-KPD 4116 200 llﬁﬁﬂill/ﬂiﬁﬂiﬂ@]@lﬂﬂﬂﬂ@?

N

v J 1w ? v < [ J
Taefoums Idaiudaznquiuaz 2 A5e (191 - 11e) Wunar 6 dlad

T

v 1 (Y v 1 o %’ v @ {a
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= ; ‘ DW (Control) Middle-aged male Wistar rats
. Weighing 550-750 g
K
- ...

~e =

-

e et St S
L S N Y T T T S

Body weight & Food intake measurement

Week -1
F--p--
Grouping 4

Oral gavage twice a day 6 whks

Acdimatized and
orally gavage
trained with dist.

~ Yy  a A ¥ Y
gﬂﬂ 18: Llﬁﬂ\jﬁgﬂglﬁa']ﬂTﬁﬂlﬁﬂHﬂu K-KPD, K #i59U1INaU (DW)

3.2 MIAnINavaINIsiou K-KPD %30 K wsaihnawiluszaznainune

ANNAUlata HazdnNMaRUVBIHIl UHYIINaaY

A = , o Ay v A P T~
edAnYIIMaIni latleon K-KPD %50 K visernawiuszeznaiviu 6
@ I'd 1 [ a [ v
Flavitinanonuau Tatia (basal mean arterial blood pressure) AL dAIINTIAUYD 219
¥ [ o { 3ol o d o 4
WU (heart rate) 30 14 vidan1ni 1dilou K-KPD 130 K viserhnawiunal 6 ddaniuda
o o d 1 1 o A
ihdainaaeuaaznauuIiinIgmaaed 1aeiTuINN152AA28 Nembutal Y118 (50 Un/n.0.)
v y [ v d g’/ o [ @
191N19%¥0 9104 (intraperitoneal injection) o1 ¥ dainaassaan 1wt iannudu
Ta#ia uagdns 1M IdUUee1119119 common carotid artery @281A304 poly graph HAI AN 18
. o J =1 = 1 oA A [
equilibrate §A3NAADIUIU 30-40 W WisuRourasznitnguitlou K-KPD #3e K fu

1 dl SOI Q'/
nquaruguidouthnay
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33 msﬁnmwnﬁummsﬂeu K-KPD ﬁd‘ii’) K ﬁ%i’)ﬁ]ﬂﬁu a’ﬂmzﬂznmum
MDAV glucose, triglyceride, cholesterol, LDL, HDL, SGOT, SGPT, ALP, blood urea

nitrogen 18 creatinine luigen

iodnunganni 14dou K-KPD 1o K wierhnau 1ddasnaasuily
sreznaUIY 6 FUaiinanenesa glucose, triglyceride, cholesterol, LDL, HDL, alkaline
phosphatase, blood urea nitrogen iL01¥ creatinine Tuidean3e 11 neuiidainaaoau1iinis
EBRER ﬁ’ﬁ’i’%ﬂamu@iazéf’mzgﬂmﬁmazmmn‘ﬂunm@dnﬁ’@a 12-14 42 T4 2 ntiueran
FnInAaade Nembutal (50 ¥A/n.0.) dioaaihdanaaesndanadie guillotine (V1A 0A

[ a aa o { <
fl]’lﬂﬁ')ﬂﬁ’lﬁ’)ﬁ\?iﬂﬁﬁ@ﬂﬂ]ﬂ?ﬂ 5Ua0aA7 MUIU 3 viaoa Wﬁ'ﬁ]ﬂ‘ﬁ 1 Lﬂﬂlﬁ@@ﬂigﬂ'lm 5

a aa YA a gy 4 9 <Y Y o y
iaaans 119 ANguvgiivesdszunn 30 uid e 1¥ideaudeda (clot blood) td391i1 /iy

U

=S

. A~ 3 Pra— ! A o
LI (Centrlfuge) NAITNLTI 4000 rpm UIU 10 UIN DULB URNIC T IU serum Lwam"lﬂ
a L4 =
O EREAY RN ERVRLIE TGN glucose, triglyceride, cholesterol, LDL, HDL, SGOT, SGPT, ALP, blood

a ! <
urea nitrogen L9 creatinine #1873 enzymatic method wazvaean 2 mmudealszuim 1
A Aaa A A 9 = o < A A o =~
uaaamaﬂuwaawmaauma EDTA “]NL‘]Juﬁﬁﬂ@ﬂﬂuﬂﬁll‘u\‘l@l’Jﬂlf)\imﬂﬂ LWfJuWthﬁﬂHW
o < <

N9 hematology (CBC, Hct, Hb 4ta¢ platelet count) ANYULVBUNARDALAY LAZIIAED AV

= 1 1 d' U 1 d‘ 3ol Q'J
Llﬁﬂﬂlﬂﬂﬂﬂﬁﬁzﬁﬁ?ﬁﬂqmﬂﬂﬂu K-KPD, K ﬂUﬂQNﬂQUﬂNWﬂGUUTﬂﬁu

= A A 5 U g v
34 ﬂ15ﬂﬂﬂ1ﬂﬁm®@ﬂ15ﬂﬂu K-KPD #1390 K ﬂiamnamﬂuizﬂznmumﬂa

3:’ L% (% U \ £ U a ya U4
umunmmzmﬂ‘lmmzmmzau"lmuu‘lummmasmz"lmuumnm‘lﬂmﬁm
A = ! o Ay Y A a ¥ 30
LW@ﬁﬂ]&l”l’ﬂﬁﬁ\‘l%”lﬂTlllﬂﬂﬂu K-KPD %50 K #3501 1nauduszezinaiuiu 6
[ = 1 g Ly [ A o Y d’ o d' ] 9
dUe¥t Unanormnedeiznely ‘Hiﬂ“l’lﬂﬁllﬂ”lilﬂflfJ‘LlLHJﬁ\‘]ﬂ”li?f%?fﬂhlslmu‘lflslf@ﬁﬂ@\‘llmg
@ a Ya o A ] o o o 9 [ < @ [ A =) 9
"lmmumnmimmwmma"lu Tagiidainaaoelude 3.3 HatnNUAIBE19IA0AISILT DY

%

udq Tiharuvesdidrnanyias lasdausnotodrzaiely 1aun wale dea du 1o dou
[ 1 < a 1 o ?,’ o o { @
WuINEW Sz Menuegd wazaoNgnrNIneanuIFimin udnhaniimaswidauen
] d‘ I~ ] ] 9 o ] d‘ [ =Y ya ] @ ?,’ o
druinidlulviiuluresies nazdamiz lvdunegusnulaniniisesnuiraiiviin

= J 1 d' o 1 d‘ %’ Q'J
nFeufeuwaszrinnguidon K-KPD, K nunguatuguiitfouinau
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3.5 msfAn¥INaveInslou K-KPD ‘Hdii’) K ﬁ%ﬁmé’m’ﬂmzﬂznmumde

& o A A o
nmnuazau"lmuﬁlmmmamu

A = ] o A Y A A ¥ 3 I
LW@ﬁﬂHTﬂﬁaﬂﬂ1ﬂﬂ1ﬂﬂ@u K-KPD #1590 K ﬁﬁ@u1ﬂQULﬂu3383L3a1u1u 6

[

Jd o Y a A @ ,i} A @ A T4 9
dda Tnaliinansmunsazaylvduluiiowodunse la dainaasalude 3.4
' Y

Waannaaueneioizae lunazsuiminiseudeeuda szihdaiuvesdu Tasuene 1 mvosay

A 1A o 2 I @ Yy kY

nivualugngeeenuidailuuan 4 awanuenvesiy Idianunielseuna 0.5 o,

o T3 { @ o Qy 4 o { g @ 4 .

W luruaaldn o c sz 1 52 Tu9 udnhyuwiiedunmu 13 1ddad 01n5049 freezing
a ° Y dy A o oA Y ]

myotome (ga¥qii -20 °C) ldillowoauiinnuvuszanm 20 Iulnswas ndrsasuunmy

Y 4 T 9
glass slide 1IN UEDUIUBITOAVAIOT oil red-O HUT NAIINUUITINIATIVYAN ULV

v A a A A o 9 v ¢ o = o v ¥ o
lviiuivsnaiieedudisndosganssminaziuiinamaredneld vnuuiuey glass
) 1 1 1 o ' o . ¥ 4 9 Y o {y ¥
slide N1tooAUI190g 1 iA101T oil red-0 BONIINLLBIBOAIY DMSO 1d1idh laain

o o Y 9 . P A o A ..
nmsanalddaninnududuae oil red-0 A281A5097AN15gANAUUT S (UV- Visible
P~ A a ' oA
spectrophotometer) NAWEIAAY 520 W1 Twwas nisveunaszninanguitfou K-KPD,

o ' = LI
K ﬂ‘]Jﬂaqllﬂ'J‘]Jﬁ]lWlﬂ@uu'lﬂﬁu

3.6 MIANHINAVRINISITOU K-KPD %30 K visethnawiluszaznainune

o

msﬁnmmmﬁaemﬁaﬂumﬁ mmna@mmﬁnmgmu in vitro

A A = 1 [

Ay v A P 1 s &
W NIZANYIIINAI91NN 191101 K-KPD 150 K v3nuinauiluszey
[ d A o Y a A o 9y dy = A
na1uu 6 ddany Iwamlvimanislasunidasnisiauvednd e Geuviasaaon
Taase n30n19801 TAsHIUN1BOYAIADAIAOA (endothelial cells) Tun15ea3 193 ONAY
e . A ' o o J Y @ < @ [ A
nitric oxide {1& hydrogen sulfide Wil Tagthdainaaeslude 3.3 vasnnmnuaied1aaon
Foudosndl azinduadIu Il A¥e I NUALFDINDUNDAALEN N ADAIADA thoracic aorta
=2 = ~ A I 1 [ dy
PNUIANYI 1Y organ bath I9zIAIoNviaoA@DATIY 3 NQU A1l
L .
nqui 1 Wuriaeadeanil endothelium
VoA I A A . Y gl/ Y . . Y
ngun 2 Wuviasaaoani endothelium HASYNYVIINITHIN nitric oxide A8
N’ -nitro-L-arginine (LNA)
[ d' I~ A d' = o . F2 ad .
naunN 3 WuvaoaaoaNn1511a18 endothelium A287F mechanical

disruption
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na9nmsouviaoaaonladadly organ bath iSeuieandn MaDAIADAN 3
ﬂﬁjﬁngﬂ equilibrate 11 Kreb’s Heinseleit solution 1321194 40-50 U1 Iﬂﬂlﬂ%ﬂu Kreb’s
Heinseleit solution 111 9] 10 W17 NATBUNITH191U VDY endothelium 11N1THAY nitric oxide
@1NITNI5V03 Jansakul et al., (1989) W& equilibrate ¥1a0AIABAABDN 40 U1 11A7

=2 o A v 9 @ 1 dy
ﬁﬂ‘]&ﬂwafnﬁ‘V]N'll!ﬂlﬂﬂﬁa@ﬂla@ﬂﬁluﬁﬁﬂlﬂﬂﬂﬂﬂqﬂu

A A ¥ L g ~ o q ¥a
3.6.1 M31leu K-KPD ¥30 K vyeindwiuszeznainu inamlinans

ci o A A ' = o " oa A 4 .
nlasuulasmsinauveavasameanie i Tasmsnlasuuilasdanarnnaiui endothelium

a A s Y R o~ a P . A
HIONILAANAIUIUBLITYY (smooth muscle cell) uaz'luasnoon lua (nitric oxide) VUNUIN
~ 9 [ = [ 1 A " o = . .
LﬂEJTIJENﬂ‘]Jﬂ”Ii!‘]JafJuL!,ﬂﬁQmﬂm?ﬁifJ"liJ mmsnaaed lagAny dose-response relationship
VB4 phenylephrine A9N15HAA VDI aoALADANN basal tension N1 1,2 1AL 3 AT
° = A A~ X A Aa . o v & ]
mnsane luriaea@eanil endothelium, ¥iaoataoAN endothelium HAIINGLEINITAI I
nitric oxide #98 N’-nitro-L-arginine (L-NA) #az#iaaaidoainin1311a18 endothelium #2833

mechanical disruption

A A ?:I ] = o Y a
362 ms‘ﬂau K-KPD #1989 K WﬁﬂuWﬂ'ﬁULﬂuﬁgﬂm’J'ﬁWlﬂuNWa“ﬂWiﬁLﬂﬂﬂWi
A (2 A A 1 d' [ U gj a tg d' .
L‘Wllﬂ”lﬁ‘ﬂﬁTﬂﬁﬁmﬂﬁﬁﬁﬂﬂlﬁ@ﬂTﬁ@"bJ Tﬂﬂmirﬂaﬂuuﬂmmﬂanuummuw endothelium
A A ¢ A a o =
HIDNITAANATNIUDLTYY (smooth muscle cell) #1N15NAa031ASANY dose-response
relationship Ao acetylcholine L @& glyceryl trinitrate AON1TAAIIAIVDIVaDALADAN I

endothelium 1182 13/} endothelium N¥Mi11¥HadINoUAIY phenylephrine

¥ v I 1 A

3.6.3 msﬂ@u K-KPD W%f’) K w%mﬂamﬂuﬁzaznmmu UHaADNITINY

< A o A A ' o = A A~

A15M A4 hydrogen sulfide (H,S) Nmisnasadeanie lu Tagyiin1sdnvi luvasadeaiil

v 9

endothelium 1182 ¥aoALaeANI endothelium ¥83991NFVHINITA314 nitric oxide A8 N -nitro-
.. a Y =K . A

L- arginine (L-NA) Y1U 40 U1 1183931 8A DL-propargylglycine (PAG) muaelylu organ

] 9
bathita incubate U1U 10 I INBIVIINITRIIUVDS cystathionine-Y-lyase (CSE) Tung
514 H,S ABU LAIININTAAEN dose-response relationship U8 phenylephrine ABNITHAAD

A a3
VDI ADALADABNAT
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= A PRI a
3.7 ﬂ1§ﬂﬂ‘ﬂ1ﬂﬁﬂli’)\1ﬂ15ﬂi’)u K-KPD 150 K nisenaunemsdasunilas
USu1avve3ald AU endothelium nitric oxide synthase (eNOS) t1ag cystathionine-Y-lyase

(CSE)

A g A w0 ya A A3 v ° Y a
motlumstuguinislinu K-KPD vi5e K viseuinau Unavirldinanis
asunlaimsranivesriasadenne phenylephrine 1AZ/HI0NTAAPAIVOINADALADAAD
. I A A 4 ¥ o, .
acetylcholine WitHura@uiiosu1nn sl asundasuoansaI19uagN1IMaY nitric oxide
uag/Mie H,S minvasadoanio lu wgiiiniinaaeslaonisiavifSumTUsau eNoS uag

Y Y
CSE v041a9nataaa thoracic aorta #3833 Western blotting 1agiiunauaail

1) msafalilsAunniiodonasaidon Taold thoracic aorta Tasriuitomeiu147 -s0 °C
e liazidony sterile petri dish Duimd e nazédoldnasanarganuuia 1.5 ua. iy
RIPA Buffer %43 Protease inhibitor vaueg $1149u 200 luTasdas eni1sdesaaisves
Tal5u 910153111 sonicate 30 Fu1#t 92 1dFreg1aduTruFv 1 ud2wi ) centrifuge 7
14,000 rpm 111 10 U1 mmi“u@mﬁudau“la (supernatant) laviaeauuIa 1.5 Haaans udd
e 191U5ns e S v 153181053 Bradford assay nf3euifionsnTusau
11A39 11 BSA (bovine serum albumin) tta21i111/3/11139An @114 (absorbance) 7t 595 nm

=
melu 5 un

2) MIWTINRATIMTUNI55Y Gel Electrophoresis 1111 KS-PAGE wah 143z1/5znovldaqe

d‘ 1 = 1

2 2 2 s g L da :
FUVDUIA 2 FU A0 FUNOGUUTA (50071 stacking gel FuiuFunanlanududuveuaad
= 1 o Y = g ' = v 1 = gl.:
pazlgnguvnalvg v llsdunamuausivedassgameinuneuazuen lilsaulury
@ 2 A 1 . g g I a Aq ¥ = A =~ 9y 9
89 11% 458091 separating gel TaomasuiituysnaunlfuenTlsdwiosiniinnududu

VDAY

3) Msesen1U5Aud MY load gel Tagdnat/Sunnuiduduvealusaulianumudy
2 VW 2 ° { ' ° ¥ <3
Suawnidu maduiildsaunlala sample buffer uainldduluiudea 100 “ciilu
)=} o g’; ) (] 901 < =1 9 o Qy Sld'
natuu 10 Wi vasanduii ldusludwdsuiu 10 urii nazgaiieireonuingdn
gangiioauu 15 il neurhimisvealUsAuasluuriuna (KS-PAGE) 1ilouenyuinvog

Tisaudenszualnih 120 v idlunar 2 $2Tug
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) ileasunariidmua WdaunaddenTlsAufinnasniminga i 1&duniiaidesnis
amrsofude 1 sindusziiniséreTusdunnudwea 1y dadu Ty Taswag Tad
(Nitrocellulose membrane) @18 transfer tank Taeldnszua v 100 v ﬁqmw@,ﬁ 4°C L‘ﬂl!
na12 52709 uazwﬁ'&mﬂﬁy’mz%mwiu”luimwagiaﬁ #207 Ponseau S (Fuas) iuna 1
wit iteg 1 TdsAunnnaldtremun luTasiwag Taduds 91n1iud1ed Ponseau S 08091
win'luTnsisagTaadenindu udrdafuuau Tusiuiidesnsinet Tasquaznfsuiien
00 TU5AUNIAT§IU (rainbow marker) tazdosdafunayTalsAu Bractin ¥a1d1iu
internal control 1¥TumaSsuifen S ina st uduiineaas 1y luudas soveusa

1 [ A ]
UK lal

o { 9 0 { Yy ¥ a
5y thuauTsaundeamsanurldaslumsuziwionld ududy 5% none-
. Y ] ] 4 I .
fat dry milk 89111 nawnru luTasaag Tag w192 Tua eidlun1s block none-specific
9

protein (5% skim milk) mﬂuuwﬂmmu“luimmagiaﬁslﬁsluqumamﬂ (hybridization bag)

a4 1 a Ay = . . ) Yy A g
NUTIPUOUAVOAMUFUAVDINADINITANY (primary antibody) Tagavaliaruidlumnay
= 19y = I a dyd' o 1 ' o A A
T1l5AuogA1u Y 9 primary antibody 11U UATDANIVOEIURNIZIIZ IR T 5AUN

Y v
foamsdny 91017131 11/ incubate over night 1 4 °C

6) HiaAsURMNUANA1Z U UABAY secondary antibody 11111871 1 T2 &4
secondary antibody FunouAueanm Iz 1ede primary antibody Mz daouAvea
duAueenidae TTBS (tris-buffered saline + Tween 20) 1ot VAUATLUIMMIANR 021N
wiuluTasiwagTad ldasvasumsudaseonveslilsiu Tasmsvneaaisnaaoy
Chemiluminescent a4 11 1% audud o 13RS unar 1 v 1niudueaisazais
druiueon 1111UA519828 Fluorescent detection tazin1sniizitoyalaeld lulsunsu

H M Y '
vision-capt software 11[5guifiounaszrInnguitlou K-KPD, K nunguaiuguitlouringu

M3INTITHveyaMIana

9 g Ay Y I 1 A oA
ﬁUi’]1]ﬁVI\11’?llﬂVIllﬂﬁ]1ﬂﬂ']ﬁﬂﬂa'f]\iﬁlgllﬁﬂﬁlﬂuﬂuﬂafl T ANVYAUVUNIATIIU (mean +

Y

SEM.) uaznffeuisunnuuanaiszninngy 1aeld Two-tail ~test uaz 14 Analysis of

variance (ANOVA) ritonfsuiiisnszwangy uazmelungy Feseusumnnuuana1eedia

]
A o aad

HlsdAunanan p <0.05

9
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MNembutal
l (60 mglke, ip. injection)

Anesthetized rat

a o Aa [ a %‘ v W g}J ] o 4
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1. MIAn¥UNFyoaUmansvesmSumsatannmnszemalelanaslsiimy (K -KPD)
L1 mMshmngrimanudntuvesaisanaludidy K-KPD dramaidin
TnssnInnnilveariaranssauzgs (High Performance Liquid Chromatographic: HPLC)
NAMIIATIEHIST ANy Tuvesasaia KPD ludisue K-KPD
Iﬂﬂi%‘iﬁuﬁiﬁ} curve 14 HPLC chromatogram maqmﬂﬁqm§ 3 1Al u Markers 1A
3,5,7,3",4"-pentamethoxyflavone (PMF), 5,7-dimethoxyflavone (DMF) it @ & 5,7,4 -trimethoxy

9
v a4

= o a zé} I J @ [ ' I3
flavone (TMF) 63991394 3 ¥UAY Wuesndseneunanluaisana KPD wuan ludisuiil

(%

2 [ I J ' : 3
Ysuaanududuvesaisana KPD iluesdlsznoveg 50% Hediurumfouiionny

=

% { { a r's 1 A, 1%
S1av0Iasana KPD 1nsuanusuduin ldumsdiasiziuinouniingr83s@eady &
Tasu1 InuNsuveIa1s PMF, DMF 1tag TMF 1ag standard curve aaa 131ugla 20 uag

TasunTaunsuvesansana KPD uagdsyu K-KPD uaaslilugili 21

A: PMF 0.5 mg/ml, Inject 10 pl

mAU -

i 22.20 min
mo | UVat2i4 b PMF
2000 o0 \\‘ /A“
L
1500
1000 A
500
o
0 5 10 15 20 25 min
2000 P 100
y =3951.2x - 48.227 y =2677.4x - 0.0343 »
1600 80
R?=0.999 R =099 .
1200 60 e
.. 5.0 e
2 800 . Z 40 L
g . E e
400 .0 20 'y
.. ..
0 le® 0 o
0 0.1 0.2 0.3 0.4 0.5 0 0.005 0.01 0.015 0.02 0.025 0.03
PMF (mg/ml) PMF (mg/ml)




B: DMF 0.5 mg/ml, Inject 10 pl
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mAU
1 L. 2278min
2500 ] o ’\DMF
2000 E 2000 \/ ~
1500 \
1000 -
500
0
0 5 10 15 20 25 min
3000 140
y = 5775.3x - 60.004 N y =4106.2x +3.2971 o
2400 120
R?=10.999 100 R2=0998 "
1800 5 Lo
o’ E o P
60
= 1200 poo I
g o ..
600 - 20 - o
0 le® 0o ¢
0 0.1 0.2 0.3 0.4 0.5 0 0.005 0.01 0015 002 0.025 0.03
DMF (mg/ml) DMF (mg/ml)
C: TMF 0.5 mg/ml, Inject 10 pl
mAU n
mau 23.35 min
2500 }{"'F
oo =W
1500
1000
500
0
0 5 10 15 20 25 min
2000 o 120
1600 y=38159x-10386 .. 100 y =3244.1x + 2.4629 e
R?=0.998 80 R2=0.994 .
1200 e e
* 60 P
800 . o
E N
£ 400 . ..o
P 20 pes
. .
0o e® 0 @
0 0.1 0.2 0.3 0.4 0.5 0 0.005 001 0.015 0.02 0.025 0.03
TMF (mg/ml) TMF (mg/ml)

317 20: 1AAIAI0819 HPLC chromatogram Y0313 PMF (A), DMF (B) #tag TMF (C) 121y

WUV 0.5 mg/ml, inject 10 pl, UV spectrum L@ ¢ retention time Y 33 1 standard

curve; 31M1992AA4 standard curve NAWAUFY 0.0005-0.5 mg/ml taz3Un19F1e

114 standard curve NANUANLY 0.005-0.03 mg/ml
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A: K-KPD, 1 mg/ml, Inject 10 pl

mAU NO.1 NO.2 NO.3
UV at | 2229 min || 1l 2277 min | | w | 2333min
800 = PMF || = | DMF TMF
g AW -1 W\ |
600 = AlE )
o B | RS S e 2
e el W e s | M : 3
400 1
200
0
0 5 10 15 20 25 min
B: KPD, 1 mg/ml, Inject 10 pl
mMAU -
mau ( NO.1] | mau f NO.2 [ | me ” 33NO;3
1 1) 2229 min| | w3l | 2278 min || - 33 min
1200 :i‘:l PME | [ 1200 1 ‘ ‘J‘ Dr,c:g ‘m‘ ‘ TMF 2
1000 ] Lol IRV A '::: \ / = e ‘\\ " ,"/ \'\I 3
oo /\ o] U ™ 5|
800 | - \ ““i \ i 1
600 | b maerane | BN ~aaer aae | B ik o=
400
200
O T T T T T
0 5 10 15 20 25 min

310 21: 1aAIAI9E19 HPLC chromatogram Y8413 K-KPD (A) tazansana KPD (B) 4ua
@ [l ~ <
azA108190ANTUTY 1 mg/ml 18 inject 10 ul NTINAN 9 WLIBDY 1,2 1A 3

1 @ A
el UV spectrum gauaau NI UUINUTAY retention time YOIAT PMF, DMF

1ag TMF aua1al
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a d a
1.2 M5 anszrmdsanan i nyuve1a15 PMF, DMF #ag TMF 1y

Hiuaen (Pharmacokinetics)

911N13531A3518H 115 U1 YD Ia15 PMF, DMF 1tag TMF 910 HPLC
Y 4 Ag 4 ~ A dq v
chromatogram Y941 1Q0ANINUNIAT 30, 60, 90, 120, 180 t1ag 240 WA laalgiunlans v
U934 PMF, DMF uag TMF 1u HPLC chromatogram VDILAALAIDENUIATUIUN standard
curve ¥99a13 KPD (PMF, DMF 1taz TMF) Nn1uanududusgnoundl uazudananis
naaoslugduuuni v FawaasSinaanududu (lulasniu; ug) ve9a15 PMF, DMF uag
1 A aa so’ A o w [ A & A Y =

TMF @9 1 488895 (ml) Y991 1a0a UBIAI1SY & 181919 9 Mnuiaen lagldaunae

(luTnsnsuredadans; pg/ml) vazAndouuumInTFIv

MBI IR Y UINAUMTY K-KPD luvuia 200 mg/Kg wagiimsii
Aoad 0, 30, 60, 90, 120, 180, 240 taz 360 UM WUNUTV VANV NTUYDIAT PMF 11
@oANY NN 0, 2.31, 5.62, 9.90, 6.64, 3.1, 1.89 11az 0 pg/ml awa1ay, Ysuannuaudy
VY99e15 DMF 11101 0, 4.05, 8.90, 15.04, 10.61, 7.25, 3.52 uag 0 pg/ml Mua1ay tazdsuu
AN TUVDIAT TMFIIND 0, 6.78, 10.02, 16.61, 11.97, 7.47, 3.94 11ag 0 pg/ml ANEIA
TaoSiannutuduvead 13 3 ¥iia Ao PME, DMF tag TMF a¢ilszduanududy
qagalutiudeaiing 90 il nanslugdi 22 uas TasinTaunsuvesarsasa KD Tun

A Ad' ! o w
QDANIATNN meul’gﬂugﬂ 23A - 23F guanay

25 - O PMF K-KPD
[1DME K-KPD
20 - ATMF K-KPD

Concentration (ug/ml)

0 60 120 180 240 300 360
Time (min)

517 22: namsmaNUTNIU (ug/ml) ¥09e15 PMF, DMF tag TMF luidoavoanysni

Y

s2oza1AN 9 nawnignifoudin K-KPD



A:30 m

mAU 4
600 1
500 7
400
300 7
200 1
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in, Inject 10 pl
UV at No. 1| No. 2 No. 3
s P| 22.38 min |! 23.04 min “ 23.63 min
PMF ([ =\ DMF||ZH TMF
| l ,\ ol
\,n\\/(’,\\ ': \/ ._K__“\ .:: vy /'\“I

113
100 7JIL—\_,—\_,
0 4

0 5 10 15 20 25 min

B: 60 min, Inject 10 pl
mAU 4
No. 1§ wey, No. 2 || =3, No. 3
600 =1 22.44 min *1123.06 min || =3 23.64 min
*“h PvF(| T DME|[ 1T TMF
500 wl b . a ' o
v “‘ ‘\\ a0
400
300 e
200 A
100 4
O,J\_’J\

0 5 10 15 20 25 min

C: 90 min, Inject 10 pl

mMAU -

No._2 e No._3
600 mogmn| T mame)
500 A W
J"f e \\ - ‘u’ﬁt/ ‘\( 1 3
400 4 \_\g 4n \L
300 ] P P PR
200 A
100 1 []\
o3— nl\’\_/_«
0 5 10 15 20 25 min
ﬂﬁ 23: LLE‘WN@YJE’)EJN HPLC chromatogram le’EJ\iﬁﬁﬁﬂﬂ KPD ”luml,aaﬂm’am 30 (A), 60 (B),

=2 = ! v 1 .
90 (C), 120 (D), 180 (E) ttag 240 UIN (F) FA0AI0819 Inject 10 pL aslian 9
MUNBIAY 1, 2 1aE 3 LAY UV spectrum @IUANavNITUUIAIAAY retention time V4

@15 PMF, DMF iag TMF 2 uaiau
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D: 120 min, Inject 10 pl

mAU - -— No. 1| == No. 2 || rsu No. 3
o0 | o | S N ol et
500 1 - \\m R z
400 o \ -
300 4 B
200 1
04
0 5 10 15 20 25 min
E: 180 min, Inject 10 pul
MAU -
600 4 ,,ﬁ 22.35;\‘r%ir11 ¢L 23.01':\|r?{i§ wJ|I 23-65\‘::1'"31
500 4 o PMF | [ i, DMF|| .. \ TMF
400 4 i LA AN
300 1 ' ‘
200 1
100 1
04
0 5 10 15 20 25 min

F: 240 min, Inject 10 pl

mAU -
600 4
500
400
300 A
200 4
100 4

e No. 1 | r= No. 2 || e No. 3
= 2240 min || .. il 23.04min || =1 23.62min
PMF l DMF || = TMF
wy a0 "
| oy b wlh
! “ \ Al \
— - v - /\_
| |

0 i " -

0

5 10 15 20 25 min

. ' o o y 4
31 23 (W0): 11AAIAI0819 HPLC chromatogram Y83a13aiA KPD luiuasainma 30 (A),

= é v (% ] .
60 (B), 90 (C), 120 (D), 180 (E) tta 240 U1 (F) BIuAazAI0819 Inject 10 pL
Ag1IAN 9 HUIBIEY 1, 2 1AE 3 LAAd UV spectrum daudaaviiduuniueaag

retention time Y939135 PMF, DMF 1ag TMF ANANY
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a 1 a 4 Y] o
NAIIATIEH AT MU F¥raumaas laga1uIna1nns
[ Y] 4 1 =Y o o 901 A ~ Yo o Y] =

anuaunusszrlSnamsdiagluiudeanyin 1diuMsu K-KPD mahniunal .
' A o o 2 A J '3 o Y
ITuAAIAMNITNIme MU drvaumanivesasiluesalseneunanves KPD laun
PMF, DMF ttag TMF TagW111 A1A3953AU09015119A81 (T,,) ¥99a15 PMF, DMF 11ae
TMF 987 1.26, 1.52 1ag 1.21 ¥ 109 a1y 1azions1n1sniang10on1n3i1en1e (K,
Y94a13 PMF, DMF tiag TMF 8¢ 0.57, 0.49 1ag 0.57 $3103" @ua1a uaaea1luaisen

2

H a 4 @ J o w [ Y o ¥
ﬂ1‘§1\1ﬁ 2UHAAINTITINADINIUNTFIAUAITATUDIANTUFITONALHNINNTSH1YA1AY

TanasTstimu (Pharmacokinetic parameters of K-KPD)

h) C K, (") T,, (h)

max

AUC,,, T

max (

(ng.h/ml) (ng /ml)

K-KPD PMF 19.70 £ 0.92 1.5 9.90+£0.35 0.57=+0.11 1.26 £ 0.29
DMF  36.09 + 0.86 1.5 15.09+0.56 0.49 +0.13 1.52 + 0.47

TMF  38.07 £1.55 1.5 16.61 £0.61  0.57 £ 0.05 1.21 £0.12

a d Yy v ~ Y [ (Y] 1
14 ﬂ1§'3!ﬂ§1$ﬂﬁ1ﬂ%3ﬂﬂ!ﬂ'JnJlsllﬂJ"ll‘Wll'E’)Q'(;ﬂi‘Vlﬂﬁ%;"'l]1ﬂﬂ'ﬂ‘llﬂﬁﬁ'3?]'3$ﬂ”lx‘i 9

(Tissue Distribution)

b [l
namMseteizaie q laun ilewedy la uazaves manamlsuanny
F 1 9
[WUTVUUDIA1T PMF, DMF tay TMF Wuiinsnszatealvessn lilgdudieiend 3 ¥iia Ao
1 b )

a1 lo nazaued (@13199 2) TasnunludlieedulseauaNUTUTUYDId1T PMF, DMF
uaz TMF gaqa F90A UMY 3.40 £0.29, 439 £ 0.54 uaz 4.16 + 037 TuTasniuaensu
@ o w A = @ Yo [ A = [ Yo [ =\
(®3872) Mud1du Nai 90 winadlasuaisana uazinal 240 winaslasuansada i
ANMIAY 1.54 +0.10, 2.53 = 0.35 uaz 2.10 +0.19 TuTasnsuaensy auanududsuveaas

49) A S YA o 1 A
PMF, DMF uag TMF blulu@tf]@]l@ wazduoIla lnaneeny uaan lunsen 3
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= Y A g 7 o Y
M319N 3 LLﬁﬂQﬂ'J’]lllﬂlNﬂJumfNﬁ15ﬂnJu@Qﬂﬂﬁzﬂﬂ‘ﬂﬁaﬂﬂlﬂ\‘] KPD Ulﬂllﬂ PMF, DMF Liag

1 4 ]
TMF Miiloians o waenntfouldunvyusnluds 9o uaz 240 wi

90 min (ng/g tissue) 240 min (pg/g tissue)

Tissues
PMF DMF TMF PMF DMF TMF

Liver 340+£0.29 439054 4.16+0.37 1.54+0.10 2.53+0.35 2.10+0.19
Kidney 1.13+0.10 2.64+£0.23 2.54+0.25 042+0.15 0.90=+0.19 0.77 £0.12

Brain 1.15+£0.12 2.12+0.15 1.85+0.18 0.58+0.25 0.96+0.14 0.82+0.08

2. MIANBINAVRIMIDUMS VN TENANNIH NNz MM lanaslsdimuy (K -KPD)

Turyusnimagd Jana193in

2.1 Nﬂ"lli:)\‘lﬂ1§ﬂi’]1—! K-KPD ﬁ%@ K 11%131né’mﬂmzﬂznmmudaﬁmﬁn

o Aa
AWATDIHITINDU

v &

%’ v @ i A ' @ oA
umuﬂmmﬁﬂgiuﬁuﬂaumsmam (ﬁﬂ@n‘ﬁﬁ 0) VDINYLUITNINARNN 3 NN
9

'
T A

A 1 1 d‘ . ]

Ao nquilou K-KPD (nqunaaed), nquaduauiitlou K (vehicle) taznguaiuguiniouir-
v ) Y

au U 1nd1RsI0 U AD 619.9 £ 10.7, 621.4 + 15.8 LA 621.5 + 14.2 AU AMUAIAD (oAU

aQ

D.

2

mM3naaes WU Mstlon K-KPD ywia 200 Jaaniuaen lansuldvyusnmead Iwavld

v o w

S 1A aa 4 o 1 A

‘LHWL!ﬂGI’J"lI’EN‘VIHL!EVI&@ﬁd@ﬂNiJuEJﬁ1ﬂﬂJu‘VlNﬁi‘I¢] (P<0.05) LﬁﬂlﬁﬂUﬂUﬂQNﬂ’JUﬂNﬂﬂ@u K
J A ¥ o ¥ o 1 2 gJ/ 1o 7

uazﬂqm’mﬂnwﬂeuumau TG]EJ‘L!TH‘L!ﬂﬂl@ﬁﬁl&ﬂqn%ﬂﬁ@ﬁﬁnﬁ@ﬁd@lﬁlmﬁﬂﬂTﬂ% 1 uag

4 [ L4 o J a3 o
aﬂa\‘iﬁi@ﬂ 9 nﬂﬁﬂﬂ’]ﬂ i]ut’fﬂﬂ’lﬂq@ﬁﬁﬂm@ﬂﬂ’]iﬂﬂaﬂﬂ Hvunanasdszunu 19.5 £ 14.0

'
o v @

[ A A v o s A A ' ~ ¥ a3
N5 WemeunudUaIvin 0 Glummzﬂﬂquﬂﬂﬂu K Llagﬂquﬂjﬂﬂﬂﬂﬂ@uu'lﬂau HUIMUNA
9

' Y
quﬁuﬂizmm 38.2 + 4.4 1A 45.2 + 5.7 DT MUMAY UALTINUMINUIHITVOING 3 nau

Tuwuanuuaneis (319 24A uaz 24B)
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A B
700 1 30 -
3 650 4 3
= [
5 5
g 600 - =
=) 3
2 5501 Sow 2 B15pw
0K OK
500 J | AK-KPD 10 J [AK-KPD
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Weeks Weeks

v @

. . v '
‘1]‘7] 24: UAAINAVDINITNUMTY K- KPD, K YEL) ‘Lﬂﬂﬁu ADUINUNAT (A) HAZIHITNNUAD

v o w

Fudeda B) * IAdininguaduquesaiitfeddynisadan P < 0.05

2.2 HaveaMsileu K-KPD ﬂ%ﬂ K ?i%mhﬂé'mﬂmzﬂznammdeﬁmﬁfn

v [ U 1 9 a ya £
maammzmﬂ‘lu mmnuazau"lmuumﬁlwmwm uazmnm‘lmmwm

D-

v Y v
Weduganinaaeany nstloud1su K-KPD, K uazinau liflinase
{ ¥ 1 (%3 U
m3asuuaiimiinederzaiely 1aun 9219 (heart), Joa (lung), 71 (liver), 1o (kidney),
1 @ < a
aouruanla (adrenal gland) , YRIT (spleen), DUMNE (testis), HADANUD Y (epididymis) Lag
1 d‘ = g.ll U 1=} 1 d‘ %
ABUQNHUIN (prostate gland) (A15197 3) BN lutinanemanlasumlasmsazauluiiu
UINUABUYNNUIN (prostate) (A13197 4) uan15ToUAITY K-KPD U118 200 Haaniuao
Y
a [ Y] o CY 2 < N g .
nlansuldnyusniu Jrasi ldaanmsazan lviuninuvaoanuegd (epididymis fat),
v =R o Y Y o A ] 9 . o ya @
lusiugad1d (mesentery fat), lusiuna o1 se9Moq (retroperitoneal fat) 1oz luiulanamiis

9 w

(subcutancous fat) 08 19T Wed 1Ay NIIADA (P<0.05) WenfFouisununquaiuguiton K

' & 3 ¢ &
LL@%ﬂQllﬂ’J’Uﬂllﬂﬂ@uu1ﬂﬁu ®INN 4)
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15199 4 HaveIMINUMTY K-KPD, K ‘Vi%f) nau Aot mineleiznelu

Absolute organs weight (g)

Treatments Adrenal
Heart Lung Liver Kidney Spleen Testis Epididymis  Prostate gl.
gland (mg)
DW 1.70£0.04 1.77+£0.04 16.84+0.67 3.10£024 91.22+346 1.18+0.08 4.06+0.10 1.20+0.05 1.66 +0.03
K 1.60£0.09 1.72+0.10 15.53+£0.78 3.22+0.11 81.71+£5.85 1.17+0.08 4.00£0.15 1.33+0.09 1.51 +£0.09
K -KPD 1.60+0.05 1.76£0.04 1621+£0.74 3.19+022 9233+381 1.16+0.05 395+0.16 1.23+0.16 1.55+0.10

I8



H Y v 4 H H
A13199 5 HAUBINMINUAITU K-KPD, K 30 11nau aorimin lviiunedeizaelunaznldnimia

Body weight (g) Absolute adipose tissue weight (g)
Treatments
Initial Final Epididymis Prostate Mesentery Retroperitoneal  Subcutaneous
DW 621.5+14.2 667.1 +10.7 17.40 +1.39 1.06 +0.20 17.75 £ 0.78 26.06 = 2.64 53.87 £5.21
K 621.4 £15.8 659.5 + 14.0 18.06 +1.33 1.10 £ 0.10 18.50 +1.71 24.07 +£3.53 53.39 +£6.73
K -KPD 619.9+10.7 600.5+13.2% 13.79 £ 1.34* 1.03 £0.14 1435 £1.11* 18.54 +2.18* 30.40 +5.01*

1 1 A o

* UAIINNINGUAIUANDENU T ATYNIIADAN P < 0.05

[4
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2.3 Nﬁﬂ]i’)x‘iﬂ1iﬂi’)‘1«! K-KPD ﬁ%i’) K ﬂ%ﬁmé’m’ﬂmzﬂznmmudaszﬁ"u
glucose, triglyceride, cholesterol, LDL, HDL, alkaline phosphatase (APL), SGOT, SGPT,
d
blood urea nitrogen 48 creatinine Taen wazanua Nyimﬂlﬂﬂlﬁﬂlaﬂﬂ
NanosLAl glucose, triglyceride, cholesterol, LDL, HDL, alkaline phosphatase,
. o <
SGOT, SGPT, blood urea nitrogen 1A creatinine lu1aos tagaNuaUysaiveudadon 14
naas 3 luasien 5-7
Tuansei 5 uaasrams 1numS e K-KPD ¥11a 200 laansuaen lansy
L o o 90’ 1 1 L} %
Wy Twarmlfaaszauinaanag tiglycerides ludon ua litinanesedy cholesterol, HDL,
A . A ~ o ' Aa ¥ < 1 ' Aa I
LDL %159 LDL/HDL ratio LlIE]L‘]_r%EJ‘]JL‘V]EJ‘]Jﬂ‘]JﬂQiJﬂ’J‘]Jﬂ?J“V]ﬂuu1ﬂau ﬁ’JUﬂ’QMﬂ'JUﬂ‘iJ‘ﬂﬂu Kn
A v YRR 1 . . A A ~ Y ' Aa 3
mmﬂuuamzﬂumma uag triglycerides Glmaaﬂ LN@LIEEJ‘UL‘V]EJ“]JNaﬂ“Uﬂ’QiJﬂ’JUﬂlWIﬂHHW
v 9
nau Lmfﬂiﬁﬂﬁ\‘quﬂﬂ‘lhﬁﬂigﬂﬂuﬂﬁ'1ﬂmﬂ1ﬂﬁﬂ@] (P=0.08) AIUHNANDNITNINIUVDIA Y
~ 1 [ ~ Y a o [ 1 = o Y [
ngll@] (MITNNN 6) NUN Wﬁﬂﬂ1ﬂﬂﬁlﬂﬂl‘§ﬂu@15ﬂﬂ1 K-KPD Glueummman llNa‘Vﬂi‘Hi%ﬂ‘]J
v . L] A v o W an d‘ =
mu"l«nmu alkaline phosphatase (ALP) AANDYWNNUITIAYNIWTDN (P<0.05) LiJ’E)L”LGEJ‘]JWIfJ’U
2 1 td'Q 1 ti‘Q 9ol Q'.I 1 (=1 1 l-ﬂ' U
NUNQUAIVANNDU Kuaznqumuquwnumﬂau Lm"lamwamﬂmﬂaﬂuuﬂawmsmu
Y v
SGOT ey SGPT u@ﬂ‘ﬂWﬂﬁﬂWiﬂuﬁhiUfﬂ K-KPD ﬂﬂulilﬁﬂﬁﬁﬂﬂTil‘]JaEJllLL’]J'sN‘U’EN33@‘U
9 1
blood urea nitrogen (BUN) 1182 creatinine Tutdonu04ne 3 nqudnalte dauluaisiei 7
A o w 1 4 <
LLE A3 Nﬁﬂ?i‘lﬁ)ﬂu@ﬂiﬂfﬂ K-KPD mmmﬁuymmmmmﬁaﬂ (Complete blood count; CBC)
1 a o w [ 1 (=} o Y a d‘ d' [
WU NITNUNTITVYT K-KPD cluﬂluTﬂﬂﬂﬂﬁ”l’JhlﬂJiJNﬁﬂﬂﬂLﬂﬂﬂﬁl‘ﬂﬁﬂuuﬂﬁ\‘lLﬂfJ’Jﬂ’]Jﬂ’NiJ

=

4 <3 A o Yo <3 A A =1 o 1 ~
THYTUUDUNALADA L 3JNm/lﬂﬁmuawummama@ﬂaﬂm mmiﬁemmfmmmquﬂmﬂml

v 9 Y
v v A

' v
nu KLLﬁ$ﬂQ3Jﬂ’J‘1Jﬂ3J°ﬁﬂ‘Llu1ﬂﬁu ‘VI\?HﬂTﬂ\‘lﬂﬁT}ﬂQ@Qﬂlu%’lﬁﬂl@\‘]ﬂ”l‘ﬂﬂ@] 49-11.3 XIOS/ul)
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15199 6 HavEINMINUMTY K-KPD, K ‘Vi%f) winau m)imUummuaz”lmuuimﬁaﬂ

NLAC- MU Glucose Triglyceride Cholesterol HDL-C LDL-C LDL/HDL
l .
oA (mg %) (mg %) (mg %) ratio
Groups range
122.1 -180.8 61.0 — 164.0 46.0 — 98.0 - -
DW 6 135.0+5.7 782+7.9 110.8 £4.8 1053 +7.9 351+7.6 0.33 +£0.03
K 7 121.7+6.3 68.29 £13.8 126.2 £5.7 1150153 33.0+£2.7 0.30+0.03
K -KPD 6 106.3 +3.2* 51.1 + 8.4* 99.7+7.6 115.5+12.0 37.1 £6.3 0.31+0.03

a

* UAINNNGUAIVAN D8 NITsdIAYNIIADATN P < 0.05
1YLl NLAC-MU = National Laboratory Animal Center Mahidol University
HDL-C = High Density Lipoprotein cholesterol

LDL-C = Low Density lipoprotein cholesterol
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H a o @ % o 1 ] o @ . . .
15191 7 WaveIMINUMITU K-KPD, K 30 Hinau aeszaveu lyiduias laluiaen (alkaline phosphatase (ALP), serum glutamic oxaloacetic

transaminase (SGOT), serum glutamic pyruvate transferase (SGPT), blood urea nitrogen (BUN) LL81% creatinine (Creat)

NLAC- MU ALP SGOT SGPT BUN CREAT

normal

n (U/L) (U/L) (U/L) (mg %) (mg %)
Groups range
46.0 — 92.0 111.0 — 225.0 25.0 - 64.0 10.3 -23.6 0.5-0.7
DW 6 57.9+8.5 1239+ 13.3 91.9+14.2 23.1+2.2 0.6 £0.09
K 7 56.9+3.2 109.3+17.2 89.3+11.4 22.6+3.0 0.6 £0.04
K -KPD 6 32.4 +3.4* 118.0+15.7 92.0+13.6 21.4+£39 0.6 £0.04

1 1 S o

* famndinguaiugy edrefiedymaddan P < 0.0

nner NLAC-MU = National Laboratory Animal Center Mahidol University
ALP = Alkaline phosphatase; SGOT = Serum glutamic oxaloacetictranaminase;
SGPT = Serum glutamic pyruvic transaminase; BUN = Blood urea nitrogen;

CREAT = Creatinine

<8



Y a o w 3 ) 1 o I < a 1 .
319N 8 WAVDINISNUAITY K-KPD, K W30 1INAU ABTIUIUEAALIA AT A1 5] (Hematology analysis: Complete blood count; CBC)

NLAC-MU HCT HGEB MCV MCH MCHC WBC  Neutrophil LYMPH Plt
(%) (g/dl) (1) (Pg) (%) (x10"/p1) (%) (%) (x107/p1)
33.2-46.0 13.5-17.6 475-54.7 17.4-26.5 34.7-51.8 3.0-7.2 - 59.0-91.0 49-11.3
DW 6 45.6 +2.4 16.1 £ 0.5 52.6 £ 0.7 17.6 £ 0.2 33.6 +0.5 5.0+0.6 69.1 +4.3 32.7+4.0 8.5+0.3
K 7 46.9 £ 2.7 16.1 £ 0.7 55.1 1.1 19.0 £ 0.5 345+1.0 4.2 +0.4 69.9 £2.6 289 +2.5 7.5+0.5
K -KPD 6 47.0+2.9 16.6 £ 0.9 55.0 0.9 19.3+£0.3 34.5+0.6 44 +03 62.5+3.5 345+2.9 6.9 +0.3*

1 1 1 A o

* fadininguaiugy egreiifediymaddan P < 0.0
1YLl NLAC-MU = National Laboratory Animal Center Mahidol University
WBC= White blood cell; HCT= Hematocrit; HBG= Hemoglobin;
MCV= Mean corpuscle volume; MCH= Mean corpuscle hemoglobin;
MCHC= Mean corpuscle hemoglobin concentration;

PMN= Polymorphonuclear leukocytes; Plt= Platelet count

98
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2.4 HaveaMsilou K-KPD ‘ﬁ%i’) K ﬁ%ﬁmﬁ'mﬂuszﬂznmumﬁenmﬁu

] a A A o
azau"lwumnmmmﬂamu

nansnaaeudad 13 lugli 25 wud msldvydudiver K-KPD luvuia

U
1T A

A A o o 9 [ o Jd = o Y v A a zg A
200 Naaﬂﬁuﬂ@ﬂiaﬂﬁi\l (51-U8) UIU 6 dilavi 11Waﬂﬂﬁaﬂm'i’c’fzﬁmllslmumﬁnmmawa

Y
v v o

Auednldsd AN Nana (P<0.05) Wolesununquaiuguinu K uazngualiuauinuii

'
[

nau

S

»

Oil Red O
conc.area

4 v
o [

‘l.l‘?l 25: UAAINAVOINITAUMS K-KPD, K “Viif] WINAU AN uﬁ”amm"leuuuslu

[ a

ileidody * ummmmaummm 1NN IIAYNNADAN P < 0.05
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2.5 ¥avean5ou K-KPD ﬁ%i’) K ‘Hdii’)‘koﬂﬂ'g‘la!l‘ﬂu‘588]&’3%111!11!&0?]3111(;{1!

Ta#ia nazonmsduvasilaluriyusnaay

4 <3 1 a o w %’ o
210913199 8 uaaa iy IAUISU K-KPD, K #391i1na1 Tuaina 200

A [ 1 [ 4 ] o a { o
Haansuaen lansy (41-118) U 6 da lulinamlinanmsuasuulasveannuay

a Y] 9 o zij Yo an
Tatin Lla3ﬂﬁﬁ']fnﬁmu‘Vi'Jcl*ﬂwuﬂ']uGlHWHLﬁWLWﬁEj?ﬂﬂa'Nslﬂﬂ

v Y ]
15199 9 HaveINIIIUMSTY K-KPD, K ﬁ%@ HInau ﬂ’e‘)mwmuTaﬁmmzammmﬁumm

4
wrlanugiulunyusnisnandinday

Basal Basal Mean Arterial Basal heart
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2011; Tep-Areennan et al., 2010) @ LA 1UNILDIUA 494 (antiobesity) (Akase et al., 2011)
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o d? I a d A A 1 I Y 1
Wannvuwilunweaweiwaeugluuunenzgnilanilasseoniniuniengs19n1e Janssens
et al.,, 2007; Fouad et al., 2011; BASF, 2015; Fussnegger et al., 2016) Iaa1¥8a519 31 KPD:
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v Y
fananansamivlszansnmlunmsazareves KPD 1iavula (Weerapol et al., 2020)
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ABSTRACT

Kaempferia parviflora, a medicinal herb, treats hypertension and promotes longevity with good health
and well-being. Its bioactive component is poorly soluble in water, resulting in poor absorption. This
study aimed to enhance the bioavailability of K. parviflora dichloromethane (KPD) extract using a self-
nanoemulsifying drug delivery system (SNEDDS). KPD was dissolved in diethylene glycol monoethyl, poly-
oxyl-35 castor oil and caprylic/capric glyceride, and clear yellow SNEDDS solution was obtained. The
methoxyflavone markers were used for content and dissolution analysis. Solid SNEDDS was prepared bg)
stepwise mixing of KPD using a mortar and pestle (1:1 ratio) with five solid carriers: Aerosil® 200, Florite'
RE, Neusilin® US2 (NEUS), Fujicalin®, and Neusilin® UFL2. The USP apparatus Il with simulated gastric fluid
USP (SGF without pepsin, pH 1.2) was used in order to perform the in vitro dissolution. The methoxyfla-
vones dissolution at 60min from KPD, SEDDS, and SNEDDS/NEUS were approximately 16, 92, and 73%,
respectively. The pharmacokinetic profiles of methoxyflavones for oral administration were studied using
Wistar rats; the areas under the curve of SNEDDS/NEUS (1.77-fold) and SNEDDS (5.38-fold) were signifi-
cantly higher than that of KPD. The developed formulations showed good stability after storage for
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in vivo study

6 months under accelerated and normal conditions.

Introduction

The most convenient and preferred route is oral route for drug
delivery because it has a high degree of patient compliance.
However, more than 40% of oral drugs administration have a limi-
tation of therapeutic efficacy because of poor aqueous solubility
(Hauss 2007). The poor aqueous solubility and oral absorption of
drugs can be increased using alternate manufacturing techniques
or formulations using oils or fats to develop self-emulsifying drug
delivery systems (SEDDS) (Shah et al. 1994; Pouton 1997, 2006;
Pouton and Porter 2008). SEDDS are mixture of liquid systems
comprising of surfactants, co-surfactants, oils, and a drug, which
spontaneously forms an oil-in-water emulsion in the gastric fluid
and is thermodynamically unstable. The self-nanoemulsifying drug
delivery systems (SNEDDS) are self-emulsifying and very fine dis-
persions (or nanoemulsions). SEDDS and SNEDDS can endure
aqueous dilution of >100 times. Consequently, drug dissolution
and gut absorption increases (Gupta et al. 2013; Patel et al. 2013;
Nipun and Ashraful Islam 2014).

Furthermore, SEDDS has the advantage that it is filled into a
gelatin capsule, which preserves its physical and chemical nature.
However, SEDDS has limitations from stability, such as liquid leak-
age by interaction of surfactants and oils with gelatin capsule
(Wang et al. 2010; Weerapol et al. 2015). To overcome these limi-
tations, the solid dosage form is prepared from liquid SEDDS by
physical adsorption. This synergist advantages of liquid SEDDS
with those of solid dosage forms. High specific surface area

(fumed silicas) has been used for solidifying SEDDS via physical
adsorption by mixing in mortar and pestle (Planinsek et al. 2011;
Milovic et al. 2012).

The rhizome of the medicinal herb Kaempferia parviflora Wall.
ex Baker (family, Zingiberaceae) has been used in Thai traditional
medicine and is found in northern Thailand. This rhizome has
been claimed to treat various conditions, including inflammation,
abdominal pain, erectile dysfunction, and hypertension and is
effective for depressing blood glucose levels and improving circu-
lation of blood (Sudwan et al. 2006; Malakul et al. 2011;
Weerateerangkul et al. 2013; Yorsin et al. 2014). Currently, studies
are being performed on K. parviflora at a moderate pace; how-
ever, it has stated to get promoted as a food supplement to
improve health (Leardkamolkarn et al. 2009; Promthep et al. 2015;
Park et al. 2017). Kaempferia parviflora is a source of methoxy bio-
flavonoid compounds. Bioactive flavonoids show different activ-
ities,  such as  5,74-trimethoxyflavone and 5,73’ 4-
tetramethoxyflavone has been shown to exhibit antiplasmodial
activity against Plasmodium falciparum, 35,7 4'-tetramethoxyfla-
vone and 5,7,4-trimethoxyflavone has shown activity against fun-
gal (Yenjai et al. 2004), and 3,5,7,3,4'-pentathoxyflavone improved
endothelial dysfunction in middle-aged rats via the stimulation of
the blood vessels by release of nitric oxide and hydrogen
sulfide(Yorsin et al. 2014). In a previous study, the following major
bioactive compounds were extracted from K. parviflora using
dichloromethane (KPD) were 5,7-dimethoxyflavone (DMF), 5,7,4'-
trimethoxyflavone (TMF), and 3,5,7,3',4’-pentathoxyflavone (PMF).
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In our previous dissolution study, we noted that TMF can be dis-
solved in simulated gastric fluid at a concentration of <15%
(Weerapol et al. 2017).

Although, a solid dispersion of KPD has been formulated
(Weerapol et al. 2017), such solid dispersion formulations are lim-
ited due to the low content of KPD. Results showed that a suit-
able formulation can dissolve only 85% of the active compound.
Although a self-microemulsifying drug delivery system (SMEDDS)
incorporating the ethanolic extract of K. parviflora has been
reported, the thermodynamic stability of SMEDDS can be dis-
rupted by dilution with water or aqueous gastric content, causing
the precipitation of poorly water-soluble substances before their
absorption (Singh et al. 2008; Patel et al. 2013; Jaiswal et al. 2014;
Bansode et al. 2016).

Therefore, we aimed to enhance KPD bioavailability using
SNEDDS. This formulation will prove useful for developing formu-
lations of herbal extracts that contain poor aqueous solubil-
ity compounds.

Materials and methods
Materials

KPD was prepared at the laboratory of the Jansakul C, Prince of
Songkla University, Hat-Yai, Thailand, as previously reported
(Yorsin et al. 2014). Methanol was purchased from RCl Labscan,
Thailand. Trifluoroacetic acid was purchased from Fisher Chemical,
United Kingdom. Hydrochloric acid and sodium chloride were pur-
chased from Ajax Finechem, New Zealand. The surfactant (poly-
oxyl 35 castor oil: P35) was acquired from BASF, Thailand. The
co-surfactant (diethylene glycol monoethyl ether: DGE) was gifted
by Gattefossé, France. The oils vehicle (caprylic/capric glyceride:
CCG) was purchased from Sasol, Germany. Aerosil® 200 (silicon
dioxide: FS200) was acquired from Evonik, Germany. Florite® RE
(calcium  silicate: PCS120) was gifted by Tomita Pharmaceutical,
Japan. Fujicalin® (calcium phosphate: FCL), Neusilin® US2 (magne-
sium aluminometasilicate: NEUS), and Neusilin® UFL2 (magnesium
aluminometasilicate: NEUF) were supplied by Fuji Chemical
Industries, Japan. The three methoxyflavones DMF, TMF, and PMF
were acquired from Sigma-Aldrich, USA.

KPD extraction

KPD was obtained from a laboratory in Prince of Songkla
University, Hat-Yai, Thailand. In brief (Yorsin et al. 2014), 20kg of
fresh K. parviflora rhizomes were chopped, extracted using 95%
ethanol, and macerated twice (2 x 20L) for 2days. Subsequently,
the dark colored mass was removed, and the residue was then
extracted using 100% dichloromethane in triplicate. The yellow
solution of dichloromethane containing dissolved KP extracts was
filtered and then evaporated under vacuum. A yellow dried mass
was obtained and was then placed again under vacuum to
remove any residual dichloromethane to finally yield a yellowish
gummy KPD with a 2.6% yield.

The residual solvent test was modified from the study of
Burapapadh and coworkers (Burapapadh et al. 2012) to confirm
the complete removal of dichloromethane. The KPD without
residual solvent was used for further study.

KPD solubility in SNEDDS

SNEDDS formulation was developed in accordance with that
reported in a previous study (Weerapol et al. 2015). The mixture
of CCG:P35:DGE was mixed in the ratio of 30:60:10, 10:10:80, and

80:10:10 with 500-mg KPD and then shaken at 150rpm and 25°C
for 72h. After equilibration, undissolved KPD was removed by
centrifugation at 1166 x g for 15min. The supernatants were col-
lected and analyzed for content of methoxyflavone.

Methoxyflavone content analysis

Methoxyflavone contents were analyzed using high-performance
liquid chromatography (HPLC) equipped with a photodiode array
detector (model Agilent 1100 Series HPLC System; Agilent
Technologies, USA) using a Luna 5-p C18 column (particle size,
5 um; diameter 4.6mm x 25 cm, Phenomenex®, USA) according to
a method we previously reported (Yorsin et al. 2014). The mobile
phase comprised methanol and 0.05% trifluoroacetic acid in
water. The flow of elution system was set at a flow rate of 1ml/
min. The 40-min linear gradient was run from 10 to 100% metha-
nol, followed by 10-min isocratic elution at 100% methanol before
repeating to starting conditions. DMF, TMF, and PMF were
detected at 210 nm. The peak area of signal was compared with
the area of that standard solution.

SNEDDS and S-SNEDDS preparation

SNEDDS formulation was prepared by mixing CCG:P35:DGE at a
ratio of 10:10:80, and then KPD was added to a concentration of
100 mg/mL at an ambient temperature (25 °C) in a light-protected
container until a clear solution was obtained. Five different solid
carriers (FS200, PCS120, FCL, NEUS, and NEUF) that have a fine
white color were individually mixed stepwise (geometric dilution)
to the SNEDDS formulation in a ratio of 1:1 using a mortar and
pestle to give five different solid carrier mixtures. Five fine pow-
ders of S-SNEDDS comprising each of the five carriers
were obtained.

Characterization of KPD and formulations

Thermal analysis of S-SNEDDS comprising five different solid car-
rier formulations was achieved using differential scanning calorim-
etry (DSC, model Sapphire; Perkin Elmer, USA). Accurately
weighed 2.5mg samples were put into a standard aluminum pan
and the aluminum lid was crimped and then the sample was
heated from 273K-523 K at a raising rate of 10K/min (Weerapol
et al. 2017).

Morphological study

Morphological studies were conducted using scanning electron
microscopy (SEM, LEO 1450VP; EDAX®, USA). The particles of sam-
ples were fixed on the metal stub using double-sided adhesive
tape. The gold was coated on to sample surface under vacuum
(Weerapol et al. 2017). The morphologies of all samples were
investigated at an accelerating voltage of 20 keV.

Powder X-ray diffractometry (PXRD)

The crystallinity of KPD was investigated using powder X-ray dif-
fractometer (model MiniFlex II; Rigaku, Japan). PXRD diffraction of
KPD, SNEDDS formulation, S-SNEDDS formulations, and physical
mixtures were performed using Cu Ko radiation at 30kV, 15mA,
and an angular rate of 4°/min from 5° to 45° 20 at a wavelength
of 1.5406 A (Weerapol et al. 2017).
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Determination of emulsion droplet size

The sample was mixed with water or SGF (199-fold) and were
then stored for 2h. Subsequently, the solid carriers in sample
were removed by centrifugation (666 x g) for 10min (Weerapol
et al. 2015). The photon correlation spectroscopy (model Zetasizer
Nano ZS; Malvern, England) was used to determine the size and
size distribution of emulsion droplet.

In vitro dissolution study

The product dissolution was studied (n=3) using the paddle
apparatus USP apparatus Il (Pharma Test, Germany). The SGF 900-
ml without pepsin (pH 1.2, 37°C+0.5°C) was used as dissolution
medium. The speed of paddle rotation was set at 50 rpm. All sam-
ples were precisely weighed (equivalent to 100mg of KPD) before
pouring into a dissolution vessel. The samples (5mL) were col-
lected after 5, 10, 15, 30, 60, 90, and 120 min, filtered through
nylon membrane (0.45 um) to eliminate undissolved particles. The
methoxyflavones content were analyzed using HPLC as described
above. The fresh dissolution medium (5mL) was replaced to
adjust for the loss of sampling volume.

Stability of SNEDDS and S-SNEDDS

SNEDDS formulations were stored for 6months under two
conditions: ambient (25°C) and accelerated (40°C/75% relative
humidity). Physical characterization, methoxyflavone content, and
dissolution were investigated after 6 months. These analyses were
performed in triplicate.

In vivo pharmacokinetic study

The experiment in animals were conducted according to the pro-
cedures reported by Yorsin et al. (2014), which were modifications
from the study of Burapapadh et al. (2012). Male Wistar rats about
300-350g of weight and 8weeks of age (Southern Laboratory
Animal Facility, Prince of Songkla University, Thailand) were used
for the study. The rats (<3) were stored in each cage, provided
ab libitum access to food and water, and subjected to 12-h dark/
light cycle. The sample (100mg of KPD/kg body) weight were
given to rat by oral gavage (n=>5). The actual dose for PMF, TMF,
and DMF was 7.00, 6.90, and 8.49 mg/kg, respectively. Before oral
gavage, the samples (50mg of KPD) were suspended in 1ml of
sodium carboxymethylcellulose solution (0.5% w/v) by vortex mix-
ing for 5min. These suspended samples (100mg/kg) containing
50mg/mL KDP was used for oral gavage to the rats. Next, venous
blood (1.0mL) at jugular vein was withdrawn from each animal
after 0, 30, 60, 90, 120, 180, 240, and 360 min. The collected blood
was purified by centrifugation at 3330 x g for 5min, and then the
supernatants were transferred to a new tube. The separated
plasma was stored at —20 °C (Burapapadh et al. 2012).

The plasma was thawed at room temperature before analysis.
The plasma (200 pL) was transferred to new tube, and acetonitrile
(800 pL) was added to precipitate proteins using vortex mixing
for 1min. Then, 300uL of clear solution was collected to evapor-
ate the solvent. A precipitation sample was obtained. The precipi-
tate was dissolved in 150 uL of methanol; methoxyflavone content
was then determined using HPLC.

All experiments were approved by the Ethics Committee of the
Use of Laboratory Animals, Prince of Songkla University (permis-
sion number: 10/2018) and were monitored by the Southern
Laboratory Animal Facility, Prince of Songkla University, Thailand.
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Animal experimental procedures complied with the ARRIVE guide-
lines and were performed in accordance with the EU Directive
2010/63/EU for animal experiments and the National Institutes of
Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978).

Statistical analysis

Analysis of variance and the Levene's test for homogeneity of
variance were performed using the SPSS version 10.0 for
Windows (SPSS Inc., USA). Post hoc testing (p < 0.05) of multiple
comparisons was performed using either the Scheffé or
Games-Howell test depending on whether the Levene's test was
insignificant or not, respectively.

Results and discussion
Physical characterization of SNEDDS and S-SNEDDS

KPD was dissolved in mixtures comprising CCG:P35:DGE, and the
highest solubility of KPD was 142.90+0.05mg/mL at a ratio of
10:10:80, which was equivalent to DMF, TMF, and PMF at
1218+0.11, 9.94+0.21, and 10.04+0.05mg/mL, respectively.
Solubility results were similar to those noted in a previous study
(Weerapol et al. 2015). Solubility improved due to the high
amount of DGE possibly because of the use of DGE as a co-solv-
ent in other formulations (Osborne 2011). SNEDDS formulation
was prepared by mixing KPD with CCG:P35:DGE to give a clear
yellow SNEDDS solution. S-SNEDDS was prepared by adsorption
of SNEDDS onto five different solid carriers: FS200, PCS120, NEUS,
FCL, and NEUF. Fine powders of SNEDDS/PCS120, SNEDDS/FS200,
and SNEDDS/NEUS were visually observable. Conversely, SNEDDS/
FCL and SNEDDS/NEUF were observed to be sticky and tacky
masses (Figure 1). These results suggested that a high surface
area (>120 mz/g) (Krupa et al. 2015) and surface roughness or
pores were used to adsorb SNEDDS or liquids (Table 1) (General
properties of Neusilin 2009; General Information of Fujicalin 2009;
Weerapol et al. 2015). FCL may have low surface area (40 m%/g) so
the obtained S-SNEDDS was sticky. The large pore volume of
PCS120 could be adsorbed by the SNEDDS. The fine particles
were found after preparation (Weerapol et al. 2015). The adsorp-
tion of FS200 was reported that liquid could be adsorbed at inter-
particulate porosity and the loose aggromelated granules were
found in SNEDDS/FS200 (Gumaste et al. 2013). The mixture of
granule (NEUS) or fine particle (NEUF) 1 g to SNEDDS 1 g obtained
the fine particle of SNEDDS/NEUS and sticky mass of SNEDDS/
NEUF. These results may cause from the SNEDDS adsorbed in
pore volume of NEUS (15nm) and NEUF (17 nm). Figure 2 shows
the schematic representation of SNEDDS/NUES granules and
agglomerated particle of SNEDDS/NEUF. The excessive SNEDDS
may be located at inter-particulate spaces (in the granules of
NEUS or on the particles of NEUF). The outer surface of SNEDDS/
NEUS was less contacted with one another resulting in the fine
granules (Gumaste et al. 2017). While, the outer surface of
SNEDDS/NEUF may have a lot of contact forming a liquid bridges
and particles agglomeration.

Morphology of S-SNEDDS

Figure 3 shows SEM images indicating the surface roughness
or pores of FS200, PCS120, and NEUS. However, a fine powder
was not obtained using NEUF, which has a high surface area,
probably because of the small size and smooth surface of NEUF
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SNEDDS/PCS120
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SNEDDS/FCL

SNEDDS/FS200

SNEDDS/NEUS

SNEDDS/NEUF

Figure 1. S-SNEDDS formulations prepared by adsorption of SNEDDS onto solid carriers. (i.e. F5200, PCS120, NEUS, FCL, and NEUF).

Table 1. Particle size, pore size, and surface area of the solid carriers used in this study.

Particle Pore Surface

Type of silica derivatives Code Trade name size (um) size (nm) area (m%/gq) References
Calcium silicate PCS120 Florite” RE 21.6 150 120 Weerapol et al. (2015)
Fume silica FS200 Aerosil” 200 0.012 no pore 200 Weerapol et al. (2015)
Magnesium alumino metasilicate NEUS Neusilin® US2 106 15 300 General properties of Neusilin (2009)
Calcium phosphate FCL Fujicalin® 11,5 735 40 General Information of Fujicalin (2009)
Magnesium alumino metasilicate NEUF Neusilin® UFL2 3.1 17 300 General properties of Neusilin (2009)

SNEDDS/NEUS SNEDDS/NEUF

Figure 2. Schematic representation of SNEDDS/NUES granules and agglomerated particle of SNEDDS/NEUF.

(Agarwal et al. 2009) as observed in the SEM images (Figure 3).
From the available information (General properties of Neusilin
2009), NEUS and NEUF are known to have the same chemical
composition but are prepared in granule and powder form,
respectively. SEM image of KPD was found the small angular and
angular outlines on the surfaces. The prepared S-SNEDDS was not
found the angular surface, probably because KPD was dissolved
in SNEDDS and the SNEDDS might be adsorbed in the agglomer-
ated solid carrier. Ideally, liquid SNEDDS should be adsorbed onto
a granule, which is a fine particle. In a previous report, 30% of
adsorbent could be used while still achieving a good free-flowing
powder (Ito et al. 2005). In our previous study, 50% adsorbent
was suitable for preparing S-SNEDDS (Weerapol et al. 2015). These
results suggested that adsorbent properties (surface roughness,

pore size, and surface area) were the main factors that affected
the preparation of S-SNEDDS.

Thermal analysis

DSC thermograms of the KPD, SNEDDS formulations, and physical
mixture are shown in Figure 4, respectively. The thermograms of
KPD presented broad endothermic peaks at 318 K-373K and high
intensity peak at 383-388 K (Figure 4). The PMs showed low-inten-
sity endothermic peaks corresponding to KPD, which suggested
no change in KPD. No endothermic peak was noted in any of the
S-SNEDDS formulations. DSC thermogram showed changes in
thermal behavior of KPD in all S-SNEDDS. This result suggested
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PCS120

SNEDDS/PCS120

Figure 3. SEM images of KPD, solid camiers, SNEDDS formulation, and S-SNEDDS
formulations.

KPD might be dissolved as molecular dispersion in SNEDDS
adsorbed on the solid carrier.

Powder X-ray diffraction analysis

Diffraction patterns of KPD, SNEDDS formulations, and physical
mixture are shown in Figure 5. The diffraction peaks of KPD
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showed high and sharp intensity peaks at 20 degrees of 7.22,
9.46, 14.90, and 26.56, presenting a crystalline nature of intrinsic
KPD (Weerapol et al. 2017). The small intensity peaks of KPD crys-
talline along with peaks for FS200, PCS120, or NEUS were noted
for PMs, indicating no change in the diffraction of KPD crystallin-
ity. The PXRD patterns of all five S-SNEDDS presented no peaks
for KPD, which suggested molecular dispersion of KPD in S-
SNEDDS. These results were confirmed by the DSC thermograms,
which showed no endothermic peak for KPD in any of the S-
SNEDDS. These results suggested KPD was molecularly dispersed
in SNEDDS that were adsorbed on solid carriers.

Droplet size analysis

Diameter size of droplet is an important factor for emulsification
performance because it involves the rate and extent of in vivo
drug absorption. Smaller emulsion size provides faster drug dissol-
ution and a larger area of interface that enhances drug bioavail-
ability (Liu et al. 2009). The mean diameter of emulsion droplet
after dilution in water and SGF are presented in Table 2. The
droplet sizes after dilution in SNEDDS, SNEDDS/P120, SNEDDS/
FS200, and SNEDDS/NEUS in water or SGF were in the range of
140-180nm. The mean droplet sizes after diluting SNEDDS/FCL
and SNEDDS/NEUF in water or SGF were in the range of
220-270nm. Slightly high polydispersity indexes (PDls) were
noted for SNEDDS, SNEDDS/FCL, and SNEDDS/NEUF (0.305-0.393).
Emulsion droplet sizes noted after diluting SNEDDS and S-
SNEDDS in water were similar to those noted after diluting them
in SGF. Emulsion droplet size remained unchanged after centrifu-
gation to remove solid particles. The results suggest that suitable
solid carriers should be chosen to determine appropriate carriers
to provide the desired size and size dispersion of an emulsion.

In vitro dissolution of SNEDDS and S-SNEDDS

The dissolution tests were performed to evaluate the performance
of dissolution and emulsification of product in SGF. Dissolution
profiles of KPD, SNEDDS, and S-SNEDDS using various adsorbents
are shown in Figure 6. After 60 min, methoxyflavones dissolution
from KPD was approximately 16%. The highest methoxyflavones
dissolution was observed from SNEDDS (approximately 92%).
Methoxyflavones dissolution percentages from SNEDDS/NEUS,
SNEDDS/PCS120, SNEDDS/FS200, SNEDDS/NEUF, and SNEDDS/FCL
were approximately 73, 71, 65, 51, and 47%, respectively. These
results showed that a large area of adsorbents should increase
the contract area of medium and provide the high dissolution
profiles (except NEUF and FCL). The absorption on carriers could
be done, but only some carriers provided high dissolution.
SNEDDS/PCS120 had large pores, which was easily exposed to
medium (Patel et al. 2012). NEUF and FS200 had a high surface
area to encounter with water and the adsorbed SNEDDS may dis-
perse easily (Sander and Holm 2009; Beringhs et al. 2018). The
sticky and the tacky mass of SNEDDS/NEUF and SNEDDS/FCL after
mixing (Figure 1) may have led to lower dissolution percentages
than those for SNEDDS/NEUS, SNEDDS/PCS120, and SNEDDS/
FS200. Furthermore, the low dissolution percentage of SNEDDS/
NEUF and SNEDDS/FCL may have resulted from large emulsion
size, which probably resulted from poor dispersion after diluting
in aqueous (water/SGF) (Weerapol et al. 2014). Similar results
were found in a previous study (Weerapol et al. 2015). The use
of adsorbents to adsorb the SNEDDS onto solid particles
affected the drug dissolution profiles. The solubility was found
to be lesser compared to that reported in previous studies
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SNEDDS/NEUF
SNEDDS/FCL
SNEDDS/NEUS

SNEDDS/FS200

SNEDDS/PCS120

———— PM-SNEDDS/NEUF
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Figure 4. DSC thermograms of KPD, SNEDDS f¢ lation, S-SNEDDS lations, and physical mixtures.
P G SNEDDS/NEUF
SNEDDS/FCL
!w
ettt SNEDDS/NEUS
et pmtms i .
A et s e SNEDDS/FS200

...MM"— SNEDDS/PCS120
M PM-SNEDDS/NEUF
~  PM-SNEDDS/FCL
I O PM-SNEDDS/NEUS
PRSP AR PM-SNEDDS/FS200

m— PM-SNEDDS/PCS120

o DYt M NEUF
WM’ FCL
e v o
-w F$200
} w o
g WA”\NW KPD
5 10 15 20 25 30 35 40 45

Figure 5. Powder X-ray diffraction patterns of KPD, SNEDDS f lation, S-SNEDDS f lati and physical mixtures.
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(Weerapol et al. 2015). The gelation of calcium silicate (PC$120)
(Meiszterics and Sink6 2008), calcium phosphate (in FCL) (Relyveld
1986), silicon dioxide (in FS200) (Sherriff and Enever 1979;
Weerapol et al. 2015), and magnesium aluminometasilicate (in
NEUS and NEUF) (Pongjanyakul et al. 2005; Adebisi et al. 2015)
formed an obstruction layer that may have incompletely desorbed
the emulsion from S-SNEDDS.

Stability of SNEDDS and S-SNEDDS

The physical stability of SNEDDS and SNEDDS/NEUS was investi-
gated by analyzing methoxyflavone content, droplet size of emul-
sion after diluting in water and SGF, and drug dissolution after
stability under the accelerated condition of 40°C/75%RH for
6 months or normal storage at ambient condition (25 °C). SNEDDS
and SNEDDS/NEUS showed no physical changes as observed visu-
ally during the study period. The methoxyflavone content of KPD,
SNEDDS, and SNEDDS/NEUS before the stability test was approxi-
mately 100% (Table 3). At the end of 6 months, the methoxyfla-
vone content was >99% under both accelerated and normal

Table 2. Emulsion droplet size after dilution in SGF (simulated gastric fluid) and
water (n=3).

Water SGF
Z-Average +SD Z-Average +SD

Sample name (d. nm) Pdl (d. nm) Pdl

SNEDDS 146 +1 0.305 1540 0.244
SNEDDS (centrifuged)® 135+1 0320 130+0 0.237
FS200 1472+0 0.227 133+0 0310
FS200 (centrifuged)” 155+1 0.256 122+0 0.157
PCS120 1461 0.145 130+0 0.214
PCS120 (centrifuged)® 145+0 0.166 144 +1 0.151
FCL 265+ 1 0.294 22+0 0.113
FCL (centrifuged)® 251+0 0.295 242+0 0.137
NEUF 223+0 0.387 242+0 0.211
NEUF (centrifuged)” 2450 0393 243+0 0.159
NEUS 189+0 0.240 199+0 0.117
NEUS (centrifuged)* 164+0 0.232 167 +0 0.109

Pdl: polydispersity index.
“The solid carriers were removed by centrifugation (666 xg) for 10 min.

PHARMACEUTICAL DEVELOPMENT AND TECHNOLOGY @ 7

conditions. No significant losses of methoxyflavones were noted in
the tested formulations. Normally, drug precipitation from self-
emulsions after dilution in the stomach and intestine is a risk that
can lead to the loss of enhanced bioavailability. The stability of
SNEDDS and SNEDDS/NEUS was evaluated by diluting it 199-fold in
water or SGF and then measuring emulsion droplet size (data not
shown). Emulsion droplet sizes of SNEDDS and SNEDDS/NEUS were
still <200 nm (127-139 nm), and the PDIs ranged from 0.110-0327;
these were similar to those recorded on the initial day.

The physicochemical properties of SNEDDS and SNEDDS/NEUS
after 6months of storage under both accelerated and normal con-
ditions were also investigated using DSC and PXRD. No endother-
mic peaks corresponding to the intrinsic peaks of KPD were noted
using DSC in SNEDDS and SNEDDS/NEUS for both storage condi-
tions after 6 months (data not shown). A pattern similar to a halo
type of amorphous solid was observed in the PXRD patterns of
SNEDDS and SNEDDS/NEUS under both storage conditions, which
indicated the no peak of a crystalline KPD in S-SNEDDS (data not
shown). The dissolution properties of SNEDDS and SNEDDS/NEUS
were acceptable after 6 months of storage under both conditions
and were similar to those of the initial day preparations
(Figure 7). The dissolution profiles were compared by difference
factor and similarity factor. These results demonstrated the per-
formances of the formulations to retain the dissolution properties
after storage under both conditions.

In vivo study

The effect of SNEDDS formulation on the bioavailability of orally
administered KPD was studied in animals and is presented in
Table 4 and Figure 8. Orally administrated KPD resulted in low
plasma concentrations of total flavonoids. The maximum concen-
tration (Cpnay), time when the C..x is reached (T,a), and area
under the curve (AUC) of KPD were 25.70ug/mL, 1h and
25.30 ug-h/mL, respectively (Table 4). The highest plasma concen-
tration of total flavonoids was noted for SNEDDS. The Crax Tmax
and AUC of SNEDDS were 59.86 ug/mL, 1.5 h, and 135.98 ug-h/mL,
respectively. When compared with KPD, the C,.x of SNEDDS/
NEUS and SNEDDS were 1.08 and 2.33-folds, respectively, which

SNEDDS
SNEDDS/NEUS
SNEDDS/FS200

Dissolved (%)

SNEDDS/NEUF
SNEDDS/FCL

——

——

—a— SNEDDS/PCS120
—

—

o KPD

0 20 40 60 80

Time (min)

100 120

Figure 6. Dissolution profile of KPD, SNEDDS formulation, and S-SNEDDS formulations. (Bars indicate standard deviation; n =3).
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were slightly higher than those of KPD. Particularly, the AUC of
SNEDDS/NEUS and SNEDDS (1.77 and 5.38-folds, respectively)
were significantly higher than that of KPD (P <0.05). The Tya of
KPD was 1h, which was less than that of SNEDDS and SNEDDS/
NEUS (1.5h each). These results were consistent with those
obtained in a study by Mekjaruskul et al. (Mekjaruskul et al. 2012,
2013). A method for enhancing the bioavailability of methoxyfla-
vones was previously developed by Mekjaruskul et al. (2013).
SMEDDS and a complex of 2-hydroxypropyl-B-cyclodextrin were
shown to improve the plasma concentrations of methoxyflavones.
The Trax of KPD and KPD formulations was recorded ranged from
0.76 to 1.66h. Although the basic components of SNEDDS and
SMEDDS are surfactants, co-surfactants, and oils, the type of each
component can affect formulation properties, especially absorp-
tion (Shahnaz et al. 2011; Kalepu et al. 2013; Chudasama et al.
2014; Hasan 2014).

In our study, the plasma concentrations of methoxyflavones in
KPD were in the following order: DMF > PMF > TMF. Conversely,
the plasma concentrations decreased in the order of
TMF >DMF > PMF in SNEDDS and SNEDDS/NEUS. These results
may be due to the effect of SNEDDS and SNEDDS/NEUS

Table 3. Stability test results of flavonoids (%) in KPD, SNEDDS and SNEDDS/

formulations, which have been shown to have different
dissolution rates (Weerapol et al. 2015) and oral absorption of
substances with various lipophilicities in rats (Weerapol et al.
2015). The absorption of methoxyflavones from SNEDDS/NEUS
and SNEDDS was significantly higher than that of KPD. The
absorption of methoxyflavones from SNEDDS was greater than
that from S-SNEDDS; however, according to the dissolution test,
the dissolution of methoxyflavones from SNEDDS was higher than
that from SNEDDS/NEUS (Figure 6). The AUC of SNEDDS/NEUS
lower than that SNEDDS was reported by Van Speybroeck et al.
(2012). This result indicated the incomplete desorption of emul-
sion in vitro study has negative effect for in vivo study. The gel-
ation of NEUS (Pongjanyakul et al. 2005) may be due to the
formation of an obstruction layer that may have retarded dissol-
ution of drug from the S-SNEDDS. This ultimately led to a bio-
availability that is lower than SNEDDS. In addition, the values of
standard error for SNEDDS and SNEDDS/NEUS were lower than
that for total flavonoids. This may be attributed to the effective-
ness of SNEDDS and SNEDDS/NEUS in reducing variability in

Table 4. Pharmacokinetic parameters of SNEDDS/NEUS, SNEDDS (100mg of
KPD/kg body) and KPD in rat (n=5).

AUCogp (1g-h/mL) Tmax (h) Crnax (1g/mL)
NEUS after 6-month storage (n=3). SNEDDS/NEUS och 19 = mox 13
Content (%)+SD DMF 16.80 £0.79* 15 [1.5] 10.22+0.76*
T™MF 18.77 £0.55* 15 [1.5] 10.79+135%
DM IME EME PMF 926+ 046* 15 [15] 684+127*
KPD Total flavonoids 4488+136* 15115 27.85+073*
Initial 100004025  100.00+075  100.00+0.56 SNEDDS
Accelerated condition 99.84£0.21 100.00+0.34 100.00 +0.79 DMF 4836 +22* 15015] 21.45+1.48*
Normal storage condition 99.86 +0.50 99.96 + 0.64 99.99+0.32 TMF 5459 +1.64% 15015) 23.23+176*
SNEDDS PMF 33.02+159* 15 [1.5) 15.18+147*
Initial 10000£0.21  100.00+032  10000£0.19  Total flavonoids 135.98 +3.22% 15 [135] 50.86+3.85*
Accelerated condition 99.89+0.78 99.99+0.56 9996+1.30 gpp
Normal storage condition 99.92+0.91 99.79+0.88 98.98 +0.90 DMF 1195+2.12 1.01.0) 10.20+ 0.50
SNEDDS/NEUS T™MF 695+1.87 1.0 [1.0] 7.30+0.60
Initial 100.00 £0.09 100.00+0.75 100.00 £0.31 PMF 7.85+0.55 1010 8.20+0.30
Accelerated condition 99.98 +£0.29 100.00+0.16 100.00 + 0.64 Total flavonoids 2530+ 3.05 1.0 1.0 25.70+1.48
Normal storage condition 99.93 +0.17 99.98 +2.09 99.99 +1.30 - . 5
Median range in brackets. Values are expressed as mean+standard devi-
Accelerated condition (40°C/75% relative humidity). Normal storage condi- ation (SD).
tion (25°C). “p <0.5 compared with KPD.
100 4
I I
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Figure 7. Dissolution profile of KPD, SNEDDS formulation, and S-SNEDDS formulations after 6 months of storage under accelerated (AC) and normal (NM) condition.

(Bars indicate standard deviation; n=3).
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Figure 8. In vivo plasma concentration-time profiles of KPD, SNEDDS/NEUS, and SNEDDS (bars indicate standard deviation; n = 5).

absorption from the gastrointestinal tract (Weerapol et al. 2015).
These results suggest that greater absorption was achieved from
the formulation that provided higher solubility in the in vitro dis-
solution test. The developed SNEDDS and SNEDDS/NEUS formula-
tions improved the oral absorption of methoxyflavones and their
residence times in rats.

Conclusion

The SNEDDS formulation with a high concentration of KPD was
prepared. The formulation comprised of CCG:P35:DGE in a ratio
10:10:80. Various solid carriers were tested to investigate their
ability to adsorb liquid SNEDDS. SNEDDS and S-SNEDDS were
able to self-emulsify after dilution with water or SGF. High
methoxyflavones dissolutions were observed in SNEDDS and
SNEDDS/NEUS (approximately 92 and 73%, respectively). The AUC
of SNEDDS/NEUS and SNEDDS (1.77 and 5.38-folds, respectively)
were significantly higher than that of KPD. These formulations
were stable after storage under accelerated and normal condi-
tions for 6 months. Therefore, the developed formulations can be
used to enhance the solubility and bioavailability of KPD.
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Abstract

Background: We previously demonstrated that consumption of Kaempferia parviflora (KP) rhizome dichloromethane extract (KPD)
caused some beneficial changes in cardiovascular parameters, decreased body fat and up-regulated NO in middle-aged rats. KPD is
poorly soluble and was developed to improve its solubility in solid dispersion form with Kollicoat® IR (PVA-co-PEG). Thus the pres-
ent study aimed to investigate whether Kollicoat (K), an excipient, affected any biological activities of the KPD.

Methods: Solid dispersion of the KPD was prepared by dissolving KPD and K separately and then mixing together after drying to
yield a solid dispersion of KPD (K-KPD). Middle-aged male rats were gavaged 200 mg/kg K-KPD, K (100 mg/kg) or distilled water
(DW), twice a day, for 6 weeks.

Results: In comparison to control group (DW), K did not affect any of the study parameters. K-KPD caused decreases in body fat
and liver cell lipid accumulation, plasma level of glucose and triglycerides, plasma level of alkaline phosphatase, and blood platelets
count. K-KPD did not affect basal blood pressure or heart rate in anesthetized rats. K-KPD caused decreased maximal contractile re-
sponse of thoracic aortic rings to phenylephrine, and this effect disappeared in the presence of DL-propargylglycine (PAG) or removal
of the vascular endothelium, but not by nG-nitro-L-arginine (L-NA). K-KPD potentiated vasodilatation of the aortic ring precontracted
with phenylephrine to acetylcholine and glyceryl trinitrate, and these effects were abolished by PAG. Western blot analysis showed
an increase in blood vessel CSE, but not eNOS, protein expression.

Conclusion: Taken together, Kollicoat did not affect the beneficial cardiovascular health parameters of the KPD, except for the mecha-
nism of the vascular function which was found to cause increased blood vessel H,S instead of the NO. K-KPD did not have any adverse
effects on internal organ gross toxicity, liver and kidney functions, or on blood cells. Thus, the K-KPD would be a novel health product
to prolong cardiovascular health functions in human. Further development of the K-KPD in a dosage form as tablets or capsules for
[ ient human c ion would be worthwhile.

P

Keywords: Body Fat; Liver Lipid; Blood Vessel; CSE; Nitric Oxide; DL-propargylglycine

Abbreviations

Ach: Acetylcholine; CSE: Cystathionine-y-lyase; DW: Distilled Water; eNOS: Endothelial Nitric Oxide Synthase; GTN: Glyceryl Trinitrate;
H_S: Hydrogen Sulfide; K: Kollicoat® IR (PVA-co-PEG); KPD: Kaempferia parviflora Rhizomes Dichloromethane Extract; K-KPD: Solid Dis-
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Introduction

Cardiovascular disease is still the leading cause of death. Its etiology is multifactorial but age and nutrition are two of the most impor-
tant risk factors. Population aging is accelerating in nearly all countries of the world [1, 2]. Unlike age, nutrition is modifiable, and thus
consumption of supplementary cardiovascular health nutrients may prolong a healthy life and facilitate aging with less healthcare burden.

Advancing age is associated with increased intra-abdominal visceral fat accumulation [3-7]. This leads to endothelial dysfunction [8-
10] due to decreased vascular eNOS expression, and thereby diminished nitric oxide (NO) production [11], which represents the early
stage of pathophysiological ch in the develop of cardiovascular disease [12-14]

Kaempferia parviflora (KP) Wall.Ex Baker or black ginger belongs to the family Zingiberaceae, found in the northern part of Thailand.
Its rhizome has been used in folk medicine for health promotion [15]. To date, a number of investigations have claimed therapeutic benefit
such as: an aphrodisiac [16-19], anti-inflammatory [20,21], anti-hypertensive [22], cardioprotective [23,24], and antiobesity [25] effects.
Our group Yorsin,, et al. [26] also found that consumption of dichloromethane extract of the plant rhizomes (KPD) by middle-aged male
rats caused increased blood vessel eNOS protein expression resulting in an increased NO production, as well as decreased body and vis-
ceral fat and liver cell lipid accumulation, with no changes in liver and kidney functions. Thus KPD would be a good choice to develop as a
health product to prevent and/or prolong the development of obesity and /or cardiovascular diseases in human.

KPD is poorly water soluble. To enhance its solubility the KPD was prepared as in a solid dispersion form with Kollicoat® IR (PVA-co-
PEG). This solid dispersion-based KPD /Kollicoat® IR (PVA-co-PEG) (K-KPD) was found to be effective both as regards solubility and the in
vivo pharmacokinetics [27]. Therefore, in the present study we aimed to further investigate whether K-KPD still has the same beneficial
cardiovascular health activity as previously reported by Yorsin, et al. [26]. The studies were performed in middle-aged male rats and fol-
lowed the same methodology as previously described by Yorsin., et al. [26].

Materials and Methods
Kaempferia parviflora extract preparation

The same method as previously described by Yorsin,, et al. [26] was used. Briefly, fresh rhizomes of Kaempferia parviflora were blended
and extracted with 95% ethanol, twice, and followed by extracting three times with 100% dichloromethane. The dichloromethane soluble
part was collected and evaporated to yield a yellowish gummy dichloromethane Kaempferia parviflora extract (KPD).

Preparation of KPD/PVA-co-PEG solid dispersion

Preparation of the solid dispersion of KPD followed the previous method described by Weerapol,, et al. [27]. Briefly, KPD (1g) and K
(1g) were separately dissolved in 5 mL dichloromethane, then mixed together and dryness at 50°C for 24 h or more in a water bath to
obtained a yellowish solid dispersion product: K-KPD. The product was tested for dichloromethane residue by Gas Chromatograph-micro-
Electron Capture Detector (GC-uECD) using the service operated by the Equipment Center, Prince of Songkla University. The product
without residual solvent was used for animal consumption by dissolving in distilled water.

The K-KPD was analyzed by high performance liquid chromatography (HPLC) for its major chemical profile as previously reported
[26]. Briefly, analytical HPLC was carried out on a HP1100 system equipped with a photodiode array detector (Agilent Technologies). The

Citation: Chaweewan Jansakul, et al. “Biological Activities of Solid Dispersion Kollicoat® IR (PVA-co-PEG) - Kaempferia parviflora
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K-KPD was analyzed on a Symmetry C, column (5 pm, 3.9 x 150 mm i.d: Waters), with a gradient of CH,OH: H,0+ 0.05% of trifluoroacetic
acid (10: 90 to 100: 0) with a flow rate of 1 mL/min. The UV traces of the eluants were measured at 210 and 254 nm and the UV spectra
(DAD) were recorded between 200 and 500 nm.

Pharmacological studies

Middle-aged (13-14 month old) male Wistar rats were bought from the National Laboratory Animal Center, Mahidol University. The
animals were housed in controlled environmental conditions at 25 ‘C on a 12 h dark and 12 h light cycle and allowed access to standard
food (Perfect Companion Group Co. Ltd, Thailand), and tap water ad libitum. The animal methods employed in this study were approved
by the Prince of Songkla University Animal Ethics Committee (Ethics Number: Ref. 10/2018). The investigation conformed to the Guide
for the Care and Use of Laboratory Animals (CIOMS Guidelines). The rats were randomly divided into three groups, with six animals in
each type of experiment except for the Western blot analysis in which 4 rats were used in each group. The experimental group was treated
by oral administration of K-KPD (200 mg/kg which is equal to 100 mg/kg KPD), Kollicoat (100 mg/kg) and the control group animals
received distilled water (DW) twice a day for six weeks. The body weight and 24 h food intake (one day before receiving oral gavage of
K-KPD, K or DW) were recorded at day 0, and again every consecutive 7* day over a 6-week period.

Effects of the K-KPD, K or DW treatment on the basal blood pressure and on the haematology and clinical biochemical analysis

The same methods as previously described by Yorsin,, et al. [26] were used. At the end of the 6-week treatment, blood pressure and
heart rate were recorded in anesthetized rats. Following this, blood samples were collected for the analysis of glucose and lipid levels and
for the analysis of total blood cell count. Then the rat was killed by decapitation with a guillotine.

Effects of K-KPD, K or DW treatment on internal organs and lipid accumulation

The decapitated rats were dissected as previously described [26]. The heart, lung, liver, adrenal gland, kidney and testes, and the vis-
ceral fats from the epididymis, testis, and retroperitoneal and subcutaneous fats were removed and weighed.

Two pieces of liver were cut, embedded into a cryostat gel, and the sections (20 um thick) stained with oil red O, and mounted with
glycerine jelly for observation by light microscopy. The oil red O of each slide of the liver tissue was extracted with 1 mL of 100% dimethyl
sulfoxide (DMSO0), and its absorbance was measured at 520 nm. The area of a thin whole-liver section was measured using the Auto CAD
2005 program. The amount of accumulated liver lipid was expressed in terms of pg/mL/cm? of the thin liver-tissue section area.

Preparation of the thoracic aortic rings

The thoracic aortic rings were prepared as previously described [26]. Six adjacent rings of 4-5 mm in length were cut. Each aortic ring

was mounted in a 20 mL organ bath containing Krebs-H leit solution, maintained at 37 °C and bubbled with carbogen. The tissues
were equilibrated for 60 min under a resting tension of 1 g and the bath solution was replaced with pre-warmed oxygenated Krebs-
Henseleit solution every 15 min.

At the end of the equilibration period, each aortic ring was tested for viability of the endothelium by precontraction with phenyl-
ephrine (3 uM) until the response reached a plateau (5-8 min), followed by the addition of acetylcholine (30 uM). Endothelial viability
was judged by a > 65% vasorelaxation back to the tension generated by the ring before the addition of the phenylephrine. After 45 min
equilibration, the basal tension of the thoracic aortic rings adjusted to the optimal tension of 2 g before the experimental protocol began.

Effects of the K-KPD, K or DW treatment on the pharmacological vascular functions
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Effects on contraction to phenylephrine and role of NO and H S

After equilibration, the contractile response to the cumulative concentration-response (C-R) curve of phenylephrine was obtained.
This was followed by several washings, and the aortic rings were allowed to fully relax for 50 min. They were then pre-incubated with
L-NA for 40 min, and the second C-R curve to phenylephrine was then obtained. After repeated washings and re-equilibrations for 40 min,
the third C-R curve to phenylephrine was obtained in the presence of both L-NA and DL-propargylglycine (PAG).

Effects on relaxation to acetylcholine and glyceryl trinitrate and role of NO and H,S

Another set of aortic rings was precontracted with phenylephrine (3 uM) for 10-15 min (plateau phase) following which the cumula-
tive dilator C-R curves to acetylcholine were determined. After repeated washing to remove the agonists and re-equilibration for 40 min,
the second C-R curve to acetylcholine was obtained in the presence of DL-propargylglycine (PAG).

Using the above protocol and separate sets of aortic rings, the cumulative dilator C-R curves to glyceryl trinitrate (GTN) were obtained
in the presence of L-NA alone and then together with PAG.

eNOS and CSE Western blot analysis

The thoracic aortas of the K-KPD, K- or DW- treated groups (n = 4) were obtained in order to measure the expression level of the
enzymes, eNOS and CSE. After removal of the adhering connective tissue, each blood vessel was cut into small rings and kept at -70 'C
until used. Protein extraction from the tissues and Western blot analysis were carried out as previously described [26]. Briefly, the total
proteins were extracted in RIPA buffer, and quantitated by Bradford assay. Protein at 50 pg was separated by 12% SDS-PAGE and trans-
ferred onto nitrocellulose membranes. The membranes were blocked with 5% low fat dry milk in TBS-T, followed by primary antibody
incubation against eNOS at 1:250 (Cell Signalling, USA), CSE at 1:1,000 (Abnova, USA) and B-actin at 1:1,000 (Cell Signalling, USA). The
membranes were incubated with HRP-conjugated IgG (1:5,000) and detected by chemiluminescence detection kit (Pierce, Rockford, USA).

Drugs

The following chemicals were used: PVA-co-PEG (Kollicoat® IR) was obtained from BASF (Thai) Co. Ltd. (Bangkok, Thailand). Acetyl-
choline chloride, N%nitro-L-arginine (L-NA), phenylephrine hydrochloride, DL-propagylglycine (PAG), pentobarbital, and oil red O from
Sigma, USA. GTN was obtained from Mycomed, Denmark. The acetylcholine chloride and phenylephrine were dissolved in a solution
containing NaCl 9 g/L, NaH,P0, 0.19 g/L and ascorbic acid 0.03 g/L.

Statistical analysis

The results were expressed as the mean + standard error of the mean (SEM) (n = 6 for vascular function study and n = 4 for western
blot analysis). Statistical differences were determined by unpaired t-test or by one-way analysis of variance (ANOVA), followed by Tukey’s
range test, using GraphPad Prism 5.00. A P value < 0.05 was considered to indicate a significant difference between values.

Results
Preparation of KPD/PVA-co-PEG solid dispersion (K-KPD)

The solid dispersion of KPD: K-KPD dissolved well in distilled water as previously reported by Weerapol,, et al. [27]. The HPLC chro-
matograms of the K-KPD and its three major substances: 3, 5, 7, 3, 4-pentamethoxyflavone, 5, 7-dimethoxyflavone (DMF) and 5, 7, 4-tri-
methoxyflavone (TMF) together with their retention times and corresponding UV spectra are shown in Figure 1.
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Figure 1: HPLC chromatogram of the K-KPD, and their major methoxyfl :3,5,7,3,4"p hoxyflavone
(PMF), 5, 7-dimethoxyflavone (DMF) and 5, 7, 4 -trimethoxyflavone (TMF). The column eluent from each
extract was scanned at the wavelength 210 nm.

Effects on body weight, food intake, blood biochemistry, internal organ weight and body fat accumulation

In comparison to DW control groups, K, the excipient of the KPD, did not affect any parameters studied. K-KPD caused decreased ani-

mal body weight with no change in food intake (Figure 2). Fat accumulation at the epididymis, y, retroperi and subcuta-
neous site (Table 1), as well as the lipid accumulation in the liver cells, were found to be decreased (Figure 3). It also caused a decrease in
fasting plasma levels of glucose, triglycerides and alkaline phosphatase, and platelet count (Table 2-4). None of the internal organ weights
was found to be affected after treatment with K-KPD or K (Table 5).

Freat i Body weight (g) Absolute adipose tissue weight (g)
reatmen n
Initial Final Epididymis | Prostate | Mesentery | Retroperitoneum | Subcutaneous
DW 6215+ 667.1+ 6 17.40 +1.39 106+ 17.75 + 26.06 + 2.64 53.87 +5.21
142 10.7 0.20 0.78
K 6214+ 659.5 + 7 18.06 +1.33 110+ 18.50 2407 +3.53 53.39+6.73
15.8 14.0 0.10 +1.71
K-KPD 6199+ 600.5 + 6 13.79 +1.34* 103+ 1435+ 1854 +2.18* 30.40 £5.01*
10.7 13.2* 0.14 111

Table 1: Effect of K-KPD, K or DW consumption by middle-aged male rats on adipose tissue accumulation
at the internal organs and at the subcutaneous site. * Significantly lower than the K and DW control group, P < 0.05.

NLAC- MU Glucose Triglyceride Cholesterol HDL-C LDL-C
LDL/HDL
normal n (mg %) (mg %) (mg %) ratio
range 122.1-180.8 | 61.0-164.0 46.0 - 98.0 - -
DW 6 135.0+ 5.7 78.2+79 1108+4.8 105.3+7.9 35176 0.33 +0.03
K 7 127.7+6.3 683 +13.8 1262 +5.7 1150 +15.3 33.0+27 0.30 +0.03
K-KPD 6 106.3 + 3.2* 51.1+84* 99.7 +7.6 1155+12.0 37.1+63 0.31+0.03

Table 2: Effect of K-KPD, K or DW consumption by middle-aged male rats on fasting plasma
glucose and lipid profile. *Significantly lower than the K and DW control group, P < 0.05.
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NLAC- MU ALP SGOT SGPT BUN CREAT
normal n (U/1) (U/L) (U/L) (mg %) (mg %)
range 46.0-92.0 | 111.0-225.0 25.0 - 64.0 10.3 - 23.6 0.5-0.7
DwW 6 | 579485 1239 +133 91.9 +14.2 231422 0.6+ 0.09
K 7 | 56932 1093 +17.2 893 +114 22.6 £3.0 0.6+ 0.04
K -KPD 6 | 324134 1180 +15.7 92.0 £13.6 214 +39 0.6+0.04

Table 3: Effect of K-KPD, K or DW consumption by the middle-aged male rats on the plasma levels of alkaline phosphatase
(ALP), Blood urea nitrogen (BUN) and Creatinine (CREAT). * Significantly lower than the K and DW control group, P < 0.05.

91

Plt
HCT HGB Mcv MCH MCHC WBC i LYMPH
NLAC- MU ¢ Neutrophil " (x105/
Normal | n| @ | @A) | @ | @ | (W) | 10/ | (%) (%) e
33.2- 13.5 - 475 - 174 - 34.7 - ul) 59.0 - 49
e 460 | 17.6 | 547 265 518 | 3.0-72 - 91.0 113
DW 6| 456+ 161+ 526+ [17.6+0.2|336+05|50+06 | 69.1+43 | 327+40 | 85+03
24 0.5 0.7
K 7| 469+ 161+ 551+ [19.0+05(345+10 | 42+04 | 699+26 | 289+25 |7.5+05
27 0.7 11
K-KPD 6| 470+ 16.6 + 550+ |193+03[345+06 | 44+03 | 625435 | 345+29 6.9 +
29 0.9 0.9 0.3*
Table 4: Effect of K-KPD, K or DW ¢ ption by the middle-aged male rats on ple
blood count * Significantly lower than the DW control group, P < 0.05.
Absolute organs weight (g)
Treatments Adrenal
Heart | Lung | Liver | Kidney gland Spleen | Testis | Epididymis | Prostate gl.
(mg)
DW 170+ | 1.77+| 16.84 310+ 9122+ 118+ 406+ | 1.20+0.05 | 1.66+0.03
0.04 0.04 | +0.67 0.24 3.46 0.08 0.10
K 160+ | 1.72+| 1553 322+ 8171+ 117+ 400+ | 1.33+0.09 | 1.51+0.09
0.09 0.10 | +0.78 0.11 5.85 0.08 0.15
K -KPD 160+ | 1.76+| 1621 319+ 9233+ 116+ 395+ | 1.23+0.16 | 1.55+0.10
0.05 004 | +0.74 0.22 3.81 0.05 0.16

Table 5: Effect of K-KPD, K or DW consumption by the middle-aged male rats on absolute internal organ weight.

Food intake (g)

b
n

-
s

Figure 2: Effects of K-KPD, K or DW consumption by middle-aged male rats on body weight (a) and food intake (b).
Each point represents mean + SEM of 6 rats. * Significantly lower than the K and DW control group, P < 0.05.
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Figure 3: Effect of K-KPD, K or DW consumption by middle-aged male rats on liver cell lipid accumulation.
(A) Distilled water (DW), (B) Kollicoat (K), (C) K-KPD and (D) oil red O concentration. Values represent mean + SEM of
6 experiments. * Significantly lower than that of the K and DW control group, P < 0.05. (PT = Portal triad; oil red O staining
of liver tissue frozen section, 20 mm thick, 20X magnification).

Effects of on blood pressure

K-KPD or K treatment did not affect the basal arterial blood pressure or heart rate of the anesthetized middle-aged rats when com-
pared to that of the DW control group (Table 6).

Basal Basal diastolic | Mean Arterial Basal heart
Treabimeiits i systolic BP BP Pressure rate
(mmHg) (mmHg) (mmHg) (bpm)
DW 6 1526 7.3 117.3+ 6.0 127.2+21 4333489
K 7 1420+6.5 1157 + 44 124150 4279+5.1
K-KPD 6 1412 +6.6 116.7 +5.7 1248 +6.0 429.0+7.6

Table 6: Effect of K-KPD, K or DW consumption by middle-aged male rats on blood
pressure and heart rate in anesthetized middle-aged male rats.

Effects of the K-KPD, K or DW treatment on vascular functions
Effect on contraction and relaxation of the thoracic aorta

In comparison to the DW control group, K did not modify the aortic ring function, whereas K-KPD lowered maximal contractile re-
sponse of the endothelium intact thoracic aortic ring to phenylephrine, and this effect persisted in the presence of N®-nitro-L-arginine
(L-NA), but disappeared when DL-propargylglycine (PAG) was also added (Figure 4 A-C). These effects were not found when the vascular
endothelium had been removed (Figure 4 D-F). K-KPD also potentiated vasorelaxation to acetylcholine of the thoracic aortic ring precon-
tracted with phenylephrine, and this effect was abolished in the presence of PAG (Figure 5). Similarly, K-KPD potentiated vasorelaxation
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to glyceryl trinitrate of the thoracic aortic ring in the presence of L-NA which had precontracted with phenylephrine; and this effect was
abolished when PAG was also added (Figure 6).
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Figure 4: Effect of K-KPD, K or DW consumption by middle-aged male rats on contractile response to phenylephrine of
endothelium-intact (upper panel, endo, A) and endothelium-denuded (lower panel, no endo, D), with L-NA (B, E), and in the presence of
L-NA and PAG thoracic aorta (C, F). Values represent mean + SEM; n = 6. * Significantly lower than the K and DW

control group, P < 0.05.
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Figure 5: Effects of K-KPD, K or DW consumption by middle-aged male rats on rel ion of the endothelium-intact

thoracic aortic ring precontracted with phenylephrine to acetylcholine (A) and in the presence of PAG (B). Values represent
mean + SEM; n = 6. * Significantly lower than the DW control group, P < 0.05.
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Figure 6: Effects of K-KPD, K or DW consumption by middle-aged male rats on relaxation of the endothelium-intact thoracic
aortic ring precontracted with phenylephrine to glyceryl trinitrate in the presence of L-NA (A) and in the presence of L-NA
and PAG (B). Values represent mean + SEM; n = 6. * Significantly lower than the DW control group, P < 0.05.

eNOS and CSE western blot analysis

Western blot results were compared among DW, K- and K-KPD-treated groups. For each group, the intensity of the protein concerned
was divided by the intensity of actin for all of four independent tissue samples. The results showed significantly increased CSE, but not
e-NOS protein expression between the K-KPD-treated and DW or K-treated groups (Figure 7).
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Figure 7: Effects of K-KPD, K or DW consumption by middle-aged male rats on eNOS protein expression (A) or CSE protein
expression (B) of the thoracic aorta. For each blot, B-actin expression is shown as a loading control. Values represent
mean * SEM; n = 4. * Significantly higher than the K and DW control group, P < 0.05.
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Discussion

Kollicoat IR® is a poly(vinyl alcohol)-poly(ethylene glycol). Kollicoat IR® (PVA-co-PEG), is a pharmaceutical excipient developed as a
coating polymer for instant release dosage form [28-30]. Weerapol,, et al. [27] reported that Kollicoat IR® used as a recipient for making
solid dispersion of KPD, a very poor water soluble extract, was successful regarding both its solubility and the in vivo pharmacokinetis in
adult male rats. However, K itself might affect the biological activities of the KPD. Therefore the present study aimed to investigate these,
as well as its toxicity in the middle-aged male rats after 6 weeks of oral gavage of the K-KPD in comparison to K and in DW control. In
the present study dosage of the K-KPD was used at 200 mg/kg which would be equal to 100 mg/kg of the KPD as used in our previous
reported by Yorsin., et al. [26]. The reason for this is that the K-KPD was prepared by mixing the KPD and the K in the ratio of 1: 1.

The present study demonstrates that K-KDP consumption caused decreased body weight, body and visceral fatand liver cell lipid accu-
mulation, as well as decreased plasma glucose and triglyceride levels, which are similar to our previous report on KPD consumption by the
middle-aged male rats [26], whereas K alone showed no changes in any of these parameters. These results indicated that K, an excipient
of the solid dispersion of KPD, did not disturb the beneficial activities of the KPD. In addition, the basal blood pressure and heart rate of
the middle-aged rats treated with K-KPD or K alone were not different from those of the DW control group. It was also found that K-KPD,
notK, caused decreased contractile response of the thoracicaortic with increased relaxation to acetylcholine and glyceryl trinitrate. These
effects are also similar to those of KPD reported by Yorsin,, et al. [26]. However, the mechanism responsible for the effect was different. In
the present study, the lowering of the aortic ring contraction to phenylephrine was abolished by PAG; a cystathionine-y- lyase inhibitor;
but not by an L-NA4, a nitric oxide synthase inhibitor; or by removal of the vascular endothelium. This suggests that H,S, but not NO was re-
sponsible for the effect. Analogously, the higher dilatation of the aortic rings to acetylcholine or to glyceryl trinitrate of the K-KPD treated
rats was also abolished by PAG, suggesting that these effects might be modified by up-regulation of the H.S. To this end, results from the
Western blot analysis could be confirmed by the finding that blood vessel CSE protein expression obtained from the K-KPD-, but not from
the K treated rats, was significantly higher than in the DW control rats.

The major components of the KPD are PMF, DMF and TMF [26]. All of these substances have been reported to have vasodilatation ef-
fects on the isolated thoracic aortic rings in the in vitro experiment in organ baths by partly stimulated released of NO [24, 31, 32].In case
of PME, Yorsin,, et al. [31] found that PMF also stimulated release of H,S in addition to NO to modulate the blood vessel functions. The effect
persisted in the in vivo experiments after consumption of the PMF for 6 weeks [33]. Therefore, the active c nt that was r

P

shy

for the K-KPD above mentioned effect would be the three major substances of the KPD. However, from the pharmacokinetic studies of
the KPD and K-KPD using PMF, DMF and TMF as the markers found some differences. Yorsin,, et al. [26] studied the PKD dissolved in a
mixture of tween 80: carboxymethylcellulose: distilled water = 0.2 g: 0.2 g: 10 mL, and found all three substances reached their peaks at
60 min with the same ranges in the plasma levels. In contrast, Weerapol,, et al. [27] studied K-KPD which was dissolved in distilled water;
and found that the three substances reached their peaks at 90 min with the plasma levels about two-fold higher for the DMF and TMF, but
not the PMF, than that of the KPD. Thus, it is possible DMF and/or TMF might be the active components of the K-KPD that are responsible
for the up-regulation of the blood vessel CSE protein expression and resulting increased H,S production to modify the blood vessel func-
tions. However, further study by isolation of the DMF and TMF and investigating of their activities both in vitro and in vivo are needed to
confirm the aforementioned possibilities.

Conclusion

Taken together, K-KPD consumption caused decreased body fat and liver cell lipid accumulation, lowered plasma levels of glucose and
triglycerides and up-regulation of blood vessel CSE protein expression resulting increased H,S production to modulate vascular functions

in middle-aged male rats. It also decreased numbers of blood platelets with no changes in internal organ weight, blood cells count or the
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marker enzymes of liver and kidney functions. Thus, the K-KPD, a solid dispersion KPD product, is a novel cardiovascular and/or meta-

bolic health product, and worth further development in the form of a tablet or capsule for toxicity test and human clinical trial.
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