s%alnsans SUT1-111-60-12-10

!

% N
o AN,

&1y 1nalula’

W

S1UNUMTIVY

NaveImSANAD AT IazANTEImAeNMsanszALmanasseay i
I S v Qd
G!H!ﬁ@ﬂ?‘ih!ﬂﬂ%ﬂi!!ﬁ%ﬂﬁ"lﬂﬂ1§’é)’é)ﬂ€|ﬂﬁ
(The effects of Cordyceps sinensis and Gymnema inodorum
extracts on antihyperglycemia, antihyperlipidemia in mice and

mechanism of action)

1asunugariyumsIdean

unMInenamnaluladgsuns

Ay d WV A CY 4 av 1 A Y A
Nﬁ\‘l"m’J‘i]fJ!‘lluﬂTINﬁﬂwﬂ‘lﬁ’)‘iﬂli’)ﬂ‘l’i?‘l’iuﬂﬂ5&ﬂ1§3%ﬂ!lﬂl‘ﬂﬂﬂlﬂ!ﬂﬂ’)



i

7
o AN

&1y 1nalula

18U IVY

s%alnsamMs SUT1-111-60-12-10

2,

navesmsanatur wasAnTssmaeMIanszauThmanasszan lvaiy
= a v Qd
6l‘h!!’(ﬁ@ﬂ‘l’i‘l&ﬂ‘lJ‘il‘ﬂ‘J!!fl%ﬂflul‘ﬂﬂ”lﬁi')@ﬂfa]‘l’lffi
(The effects of Cordyceps sinensis and Gymnema inodorum
extracts on antihyperglycemia, antihyperlipidemia in mice and

mechanism of action)

VA v

AMZHIVY

Y %
FIHIIATINS
d = o Qd Av &
509AANS 19136 AN.ATINILIFNA 1D0MIAY
avInfFnann

dnindsaneenaans

a

IR ANY.AT.A91 AlWNeNIUN

q

o
919138 AT.AUDI FUUAIN
o a Q( o a  J
919138 ATLANTAND Glﬂu'lfgﬁaﬂ
4
UNANMITUINTU !Eﬂﬂ‘igﬂu

UNAINUNITTY NUNIN

A

1asunuearyumsiIdennuriinenaanalulaggsuns Yeauszana 2560
waIdenduanusuRareuve s InINIAsINTINeAINE AL

Aa1AN 2561



a a
anAnssnlszma

Y

A3I850INAVDIANTANADUF AT ANFEIAIMBNTaRsE AU aatazseav lviuluaea

S
3 (%

=3 QQ' dy Yo a v a [ =
HYOU ﬂillagﬂavlﬂﬂﬁ@’ﬂﬂi]‘ﬂ‘ﬁ °hm5au"lmmquq@muum:nfuﬂmﬂummmaﬂmﬂiuiaa

q

~ I o

v 9
asuts Yevdszma 2560 vl auddeluaseliduiaganely1dded fAsonazauy

q

YOUOLAA UTHN WORLD WIDE HEALTHY CO.LTD Al¥anueymiiziasanadusiau

L)

[

a Ay 1 Y Y = v Ao a 4 A o
N1UHA ﬂuqmqulﬂ"lﬂmaﬂ Fo1UUIVLEIFU IATATOU (IANMTUNIFU) NFIYDIUIYNIY

% [

a 4 A = ) o 1 a A
ﬁ%ﬂ?ﬂiuﬂ'ﬁﬂlﬂﬁ?gﬂﬂ'lilﬂflﬁl“l!!tﬂﬁﬁﬁ?i%ﬂmll Tﬂﬂ FTIR @MUNNUTAINAADULNIYIN ‘ﬁ

(33

[

Y v
mﬂwam@ﬁma@ﬂumsﬁnuumm%ﬂﬂﬁ AUIYIS ’N?ﬁiﬂ% NS UIANNALAINIAY

s 2 o aw A o s A A a s a
@HLﬂinﬁQﬂﬂﬁﬂ‘!ﬁluﬂ']'iV]”I'J%EJ‘ﬂ@']ﬂ'lﬁﬁﬂ'JVlﬂa@Q ﬁuﬂ!ﬂi@ﬂuﬂ?ﬂ‘(’J"Iﬂ']ﬁ@]ﬁlmglfﬂﬂiujﬁﬂ

s &

a v = A A 4 A o A w
NW'I’J‘I/]EH@EJL‘VI?]IHI@EJQHHW? ‘1/I’E'Jiglﬂi1$°ﬂVI\‘I’E'J‘]JﬂimLLa$ﬁﬂ1uﬂiuﬂ15ﬂ1’3ﬂﬂ%uﬂ5$ﬁﬂ

E]

o <
WaTLI



unAagaN ¥ Ing

[

= ¥ Ja s A = ) d
nmsAne1lunselilidagUszaemNoAnyINAYDIA1TANAIND YT (Cordyceps
sinensis), WAIBBAT (Gymnema inodorum) 11e1HAEIVUALHANAUVDIATAAANADUT AL
o 1 o & o s ¢ o &
Anmeemnenssudanmsadialviuluwad (anti-adipogenesis) 3T3-L1 1588 uagnsdud
o A oA v o Y a o A Y o
gl ludeageluny ludngnsnildinaniz luiuludeagedrso s luduge ms
o 4 a 4 Y . [
azayluiumelusad 373-L1 uod In'lad gnasivaen Tasn13don Oil Red O tagnsduna
[ a @ < 1 [ < ] [ Y
duguInewesvea lviiu nanmsnaaeaaad liAUNTANANNAUT, AITANARNITIIAT
A Sltd' [ v O ] v A @ g}/ @
WelAeuazHa NN U AITANADIS AL ANFIA B1TadudImMTaanved luiuly
s ¥ A 9 [ = Q‘f @ @ :9:}/ ] 4
waa la laoie ldnaunuaiusanaasmsasugninulumsdvgimsazau lviulusad
9 1 Y
nageu wennil ldlsmatia FTIR lulasanlnlasalailietudunansdudanmsazawy
o ' @ & 1 v A A Y A Y
Tvsiuluwad 373-L1 vesesananndusazinmean e ldaeiquaznauny nanis
1T W ¥ d‘ o a
naassnuNdaanannuyuaziivildnsves lnalanuuazas Tulaasa WeaT'lalla
o 1 ) ~ 4 Aa Y s 1w oA A
wazdaaiuved 1/ 11sau veuwaanageuNla1sanaAIN0 a9 ANFEIANABI AT AT
[ 9 1 4 4' 1 Yo [ ] A v o W ana ==
ananautieoninwaanagoui li'lasuaisanaedieiisdanynieana (p < 0.05) Wde
D] @ 3 o S 1w A
aunsanaasliisiumsuenanlansveenilunnadmeesegaany aumslasumlainia
= = 4 = o = 4 Y 1 ] = [
Fualineluwadanagou maany luvy lug lodorimad waluudangu (luswdangy
aa 1 o o o a o I o 4 <
aruguinan lilasueis luviiuge) 185y @w) emwns luiugailunar 12 dlav luda
1 1 ] U d’a @ 1 " Yo [ ya o
ngu, nnngu Cluswnguinummwizeoning ludugae lildsuarsana) Idnues luiiuga
Y ' A a o 1A @ 3 v W Y o
@3 UABATANADIND AU (150 %39 300 Uaaniuaenlaniy (HIMUNA) ABIU), T1TaNA
1 = o 90’ o U 1 U L% Q‘/
NNANTEIAT (150 10 300 TaanSuaen lansy MIINA) ATH) HIBETANANANIINDA
' A a o 1 Aa @ Y v o T W @ @ A a oo 1 Aa @
91 (75 Haansuaen lansy (U1KAA2) A0IU) AU MNENIFEAAT (75 Naansuaen lansy
%,‘ v o 1 [ A d A a a A A Aa o T A [
(i) aou) ¥Ie lnawuaarlud w3e FuNauaau (10 139 20 Jaansuasnlansy

=~

v 1 % o o g’} v 901 5 aa
(hnina2) Aot umuaian) mntuszaviiaanas lviiuludea eueah ousai Aseniy
4 <3 A = ) a 4 1 o 1 dy ?,'
HAZNITATIVADUAINNTNUYTUVDUNALA DA CHIE)) NUINTAUATIZT WUIAINITFUIATALAL
o A = g = @
"lwu”lmaaﬂ GRIGLIVIRNRG! llﬁiﬂm“]f’ﬂlliﬂ UL LDAALDA-ADIANINDITON) YDITITHNAVIN

R Y v A A Y o ~ o Yo 1 AY o
YT A1TANAVINNNLBYIA l,ll’lf]clfb'l,ﬂﬂﬂ”] UAZHITANANTY 3JWamclﬁmﬂwmmmmzhlmnu



o w

ludeannnguatnananaseselitiodnny (p < 0.05) eeunungui lulasuats seldna

Y
Y% %

v 4
HUTINLN ATANANNDUFIHAUN LA ITANAINANNITIIA ﬁ'lll'lii]’i]@ﬂf]‘l/l‘ﬁlﬁllﬂﬂiﬂﬂ'liﬁﬂ

%’ A S =S o 4
mmaGlumemzazﬂmaﬁmmaa uaaﬂuaa—ﬂmaﬁmmaauaz'lmﬂawa"liﬂﬁlumgllwﬁ w19

[ =} J

] dy 1 I a 1T W A 4 -dy
anannisrat luudasnnuiluivaesy la uazdizaeny lud vinwanisnaaesdinaag
< 1 o @ 1 v W 4 { o o {
TifuN Asananndaan asanainmesan Weldaed uazasadanaulidneninine:

o I a A A A X o w %’ A
Wanntluo s uivegunmnsonayu Insiaz lglumsthiiannzihmaludoaguas

lusiuludeagansolindau



UNAAHBNHIDINGY

The present study aimed to investigate the anti-adipogenesis and anti-hyperlipidemic effects of
Cordyceps sinensis extract (CSE), Gymnema inodorum extract (GIE) alone and their combination
on adipogenesis in 3T3-L1 cells and high-fat-diet-induced hyperlipidemia in mice. Intracellular
lipid accumulation in 3T3-L1 adipocytes was determined by Oil Red O staining and observed the
morphology of lipid droplets. The results demonstrated that CSE, GIE, alone and combined
suppressed lipid accumulation. Moreover, this combination showed a synergistic effect on lipid
accumulation inhibition in tested cells. FTIR microspectroscopy confirmed the inhibitory effects
of CSE, GIE alone and in combination on lipid accumulation in 3T3-L1 adipocytes. The signal
intensity and the integrated areas of glycogen and carbohydrate, the acyl chain of phospholipids
and lipid/protein ratio of CSE, GIE, and CSE/GIE combination-treated 3T3-L1 adipocytes were
significantly less than the untreated 3T3-L1 adipocytes (p < 0.05). PCA analysis showed six
distinct clusters for the FTIR spectra of 3T3-L1 sample cells based on biomolecular changes.
Seven of eight groups of ICR male mice (i.e., not including the normal group) were fed with a
high-fat diet (HFD) for 12 weeks. Of these seven groups, six (i.e., not including the HFD group)
were administered a HFD supplemented with CSE (150 and 300 mg/kg BW/day), GIE (150 and
300 mg/kg BW/day), combination of CSE 75 mg/kg BW/day plus GIE 75 mg/kg BW/day, or
glibenclamide or simvastatin (10 or 20 mg/kg BW/day, respectively). Blood sugar, serum lipid
profiles, ALT, ALP, creatinine, and the complete blood count (CBC) were analyzed. The blood
sugar and lipid profiles (cholesterol, triglyceride, and LDL-cholesterol) of all CES, GIE, and
CSE/GIE combination treated groups were significantly lower than those of untreated-HFD
groups (p < 0.05). Moreover, this combination exhibited synergistic activity on blood sugar,
cholesterol, LDL-cholesterol, and triglyceride reduction in mice. These plant extracts revealed
non-toxic in liver, kidney, and CBC on mice. These results suggest that CSE, GIE alone and in
combination have potential to develop to health supplement food or herbal medicine for the

treatment of hyperglycemia, hyperlipidemia or obesity.
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IMNNANTAATVUNUIIY  (Buettner et al., 2007) Q‘UGIﬂTﬁﬂ!‘llENIiﬂgﬂullazﬂﬂ'lwﬂﬂﬂﬂﬂﬁ

%9

2 2

A 9 A A A o 9 o v w an 4 ]
NeVINNNIUNI T sTmaRWauawaMaINALT  518UdDA1NBIANITONINY Tan

Y
=

1 1 ] %’ Y
wouns 1wl wet. 2551 naaalfifiun 35% vesdsznnidluajenyg 20 Tiuldihmmingu

A

g < <
(BMI = 25 NA./M3NILAT) Uenantl 10% vofweuaz 14% vosgnani lamilulsnsiu
(BMI > 30 AN./A31IUAT) (World Health Organization, 2000) Wansznuaiugunni L
J a3 v A I = @
szaannnnmsiiivdnmnuuas 1A uswne lsawrnulsmy 2 Tsa¥inla
= 4 9 a 9 oA
AoladAeseagy  uazlasndwelsa  anzunsndeumuaunieliaz Tsadewudon
(Kopelman, 2000)
) A 3 A A A & ~
g luiuluwdeaguiluanudadndvesmawmmaigyiiinnugniaTangs  Tagil
JLAUADIAAADIOAITINGY  (TC)  AvAMeIoanlANNUIUue  (LDL-C)  uay
= 4 [ d‘d (] A
lasndelsd (TG) AumsanasvesnemmaosoaniAUULILLUEY (HDL-C) luiden
] A < [ d' Y o Iy o A Y] =
g luiulwdeaguilutliwademandmsumsiannlsavaeadoaialedy  Tinvaon
) ] 1 ] i
@oauas uaz 15ndu NNEINUMIHHAIY (Yinrun Ding et al., 2016) 518911 IANATU
A d v A o W & A .
YoINaIdu1 LDL-C tag TC neluthiudssdianlumailulsavasaidonuas (Jialal and
. o & [ ] v o o (% A
Devaraj, 1996) fa1umMsanszat TC uag LDL-C duiluiaivdrdalumsiesiunsiorsean
v v A v 2 Y Ao
ANUAMINTIVRA IsAMasARoAlay 15A9IY (Hansson, 2005) UoNINH 15A0IUNEANULNT
A 2 A A v & & A K o A4 X 2
aneuiewe luiududluraunnnesuueas i uniuauIas MIIANILIAVD
ivad 1vaiu (Couillard et al., 2000) YSinavesurariiows lviuamisoniugulasnmsdud
4 a < { 1 Aa
adipogenesis 910 preadipocytes fibroblastic 11/® adipocytes 193 RyANALAzNIND 1HNA

4 1
apoptosis Tuiioda luai (Sorisky et al., 2000).



ADIPOGENESIS

<O >

Fibroblastdile Pre-adipocyte

l
® @
©©

Immature Adipocye

nsulin Sencltivity

Q Q Glucosa Transport
Q Upid Accumdation
Q Adipotana Sacration

Mature Adipocyte

SUR 2.1 UHUMIWHDULAUUDINTZUIUMTHAILINITUDY adipocyte ﬂﬁ)fgﬂ’umm

U

9 ! o o 1 A ' g 1 H Y 7Y o a
mﬂmﬁmﬂumi‘wmmﬂmmzmmummwm adipocyte LY ITAIAUVDIUGAAAUNUUA
. 1 Y Aa ¢ A A o < .

pluripotent ﬂ@i‘l’i!ﬂﬂlﬂ)’ﬁaLEJ’EJHIW?Q?J@QT‘WI?J ﬂamwiummﬂmwmﬂu adipocytes fﬂillﬂ'ﬁ\i
I A @ ' ] 1 4

preadipocytes proliferative 11l adipocytes %mw&ﬂllmmuwmclwmuwmﬂum NOULEAA

. J o ) Yo [ o 1
adipocyte (%09 Clonal ﬁWﬂWl‘!ﬁhlﬂﬁJﬂﬁsUEﬂﬂﬁ%ﬂgﬁﬁaﬂﬂﬁﬂiiﬁ]ﬂﬂullﬁ%ﬁgﬂgllﬁﬂ@N (Wood,

2008)

2.2 3T3-L1 cell lines
A 49 2 3 Y . A S Y 1 o 1
mMelAautaNas vy 3T3-L1 Sudu preadipocytes m@maamqﬁmuzwmauiu
A dy A = Y @
gﬂLL‘U‘U monolayers ¥39NITINIZLAYILVIUNDYNLADYTAIY methylcellulose Tavazan lviuly
= 4 I o Yy 9 A o dy dy 2
g‘ﬂ‘lJ@Q]l@]iﬂaL“Iff’]ulimmzﬂa”IEJHJ‘L!L“D’ﬁaﬂlﬂmu ﬂamLmumu%wmqﬂumwmamwmmwm
<3 o a Y] "9 2
mm'5’Jmimazmammmmmiamu"lmuu ﬂ1smJast,mJawm"lmuumﬂawﬂﬂﬁam Tu
dy g a < a a A
ﬂ1ilW1$LﬁEJ\‘]WHW’JI@Elﬂﬁlﬂﬂlclfﬁaﬂl’ﬂuﬁﬂw\lﬂﬁmiﬂJULWUIG] (Green and Meuth, 1974) 5aan
=\ 1 I~ [ o = g 1 A d
Nﬂ’JﬂJlmﬂﬂNlﬂuﬁﬂ‘]ﬂm%mW1$"ll’éNﬂﬁ“I/INTHG]i\H“]JuﬂTﬁlLﬁ'@\i@ﬂﬂGUf]Qﬁ’Juﬂi$ﬂf]1Jﬂlﬂu
[ o = ] =] A =} 1 9 =\ a
L@ﬂﬁﬂ]ﬂmﬂl@ﬂiﬂiﬁul%’u msaammaammm'nﬂmu,@umﬂﬂ?mmaTnTﬂaﬁJuuaz
A 1 [ = v o o ) [ . = a3
myotubes NANANNU Iag TUTAUNAAITIUINLN TUTUOUAINY adipocytes UaNHMITIU
7 . . 2 1 @ 7 a do s
mu"lcm llpogemc QQ%Q%’JEJiMﬂﬁﬁQLﬂiW%ﬂLLﬁ%ﬂﬁ’dg’di]"u@\?llﬁiﬂmc]ff]uliﬂ%WLl’Juiﬂﬂ gaa

= d v Jd dou 0 v 1 =< Yo dy
3T3-L1 G]f\‘llﬂuﬁ'lflwu‘lﬁl@ﬂﬂﬂﬂl“ﬁaﬁﬂﬂ@ﬂuﬂ@ﬂﬂﬁﬂ@u 3T3-L1 G]NUlﬂﬁ‘]Jﬂ'li!WW&t’ﬂfNﬁlu
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v Y
anvaghuananulumsnowas 1asudnyaenedag uInowazduaives  adipocytes
[ [ A 4 [ 4 = 1 [ a
WaneIunaInniaausTsunead 3T3-L1 wnldouglsnudugiuinewedlulos
= o @ 4 = é‘ = J =< A~
v Imssaudanuveusas uaziysmnamnniuvedlasnamelsalules Tanaady el
1 A A @ ya . (A g
mslgnaieiiode luiuldmiasly BALB € (athymic) ¥odIoounymnd 3T3-L1
1 9y T 1
preadipocytes  ziimsnlasundawaziimngiiowe lviiulnd  lusgnimsaeunias
4 Ed o ' o
voraa 3T3-LI TUeMsmMImIgiaes MIuandoonanyazved adipocyte IANUAEITOINY
[ Q. J 4 { a
MIaaUaInUBLIALNIINOUAUDIADEDT INUNAILANMIINA lipogenesis tAZ lipolysis 11

A A 3 A
adipocytes NATUIANUN (Student et al., 1980)

Differentiation Time (days)

v 9 Y
51U 2.2 3T3-L1 preadipocytes Hanmuanannuluemsdeurad gnasyiiiven

U

Taiulu cytoplasm (Miegueu et al., 2013)

2.3. Uszansmmmsanlviinl@enaues Cordyceps spp. 1182 Gymnema spp.
A g 2 A 4 2 v A4 g
Wo1599 WHBIINMIANIUYINNVEAUL 13RIz IgUMNANeITod o1
¥ o Y a é’ 1 <] a 1 . . A
aahiin ldwaaunuu o619 lsnamweesrtiagy Sibutramine gnoouTlag FDA 1103910
9 = =~ a X 2 | X 4 v & a o J a A o IR
Had19ReINeIVUAATUI NG (Williams, 2010) AYHUHAANUNIINGTINTIANITOOYNUTS
I v A A ) o %’ o
naneludaasnniiauladmsueaniimin
. . I = AN Yo = o 1 @ a
Cordyceps militaris 1Hunilalugyulnsnlasumsanumdmsuiosnumsinanig
LY = =2 a v . A ' =
luiuludoage msfny1Idelurasanaaesues Shimada taziousauauluil we. 2551
! . . J 1 @
52YN C. militaris §n1F1UMIAMU adipogenic Taems 1iaaa 3T3-L1 uagwuNa1sanaan
o & { . U . a < {
C. militaris 08aM31)asut1/aued 3T3-L1 preadipocytes § adipocytes 1UIZHLIAIYIANN
[ ya a [ 4 ] < o 3‘/ dydy (Y A ]
Tl ldinaibaoirad 9819 lsnmumaveIMsdusIvuegnUVINAYRINNTHAAD 1)
myanasved lviuazay  2)  mamdeniwesmsaiigluviivanas 14U adiponectin,

peroxisome proliferator-activated receptor-gramma, (160 CCAAT/enhancer binding protein alpha
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uag 3) M9 LAAI0ONNIIBUVD preceptipocyte, monocyte chemoattractant protein-1 (Shimada
g o Sol { < ]
et al, 2008) UBANNHANIANANNYT C. militaris Nuaaaldifudanamsileanuves C
' s 2 d d o
militaris AOI¥A0 HepG2 G?mﬂummmlm t+-BHP @1l uwauininnmsaa ROS, MsvUsy Bel-2
11og Bax, mitochondrial membrane potential, caspase-3 uazmﬁmuquﬂ’gm'lﬂauLmzﬁ%ﬂiﬁu
d o 1 o 1] 1 A Aaa
soD lwaadunszay 500 lulasnSuseladansves C militaris (Wang et al, 2012)
= v J a A 1 Y I 1A A A
M5ANE1 IUFAINABDIVDIANLALINDUT INNTULAA IHIAUIININT TN AT TING VD
=) % %)} % 1
C. militaris 10M313 Taaesananifoulumsaalviuluden wu asmmesoas
4 an 4 ]
(TO), lasndielsa (TG), Woa lvlatla (PL) uazmu“lmmmmwmty Y AST wag ALT Tu
v 9 Y '
c‘fﬁmmmgmmmmaz”lmuuimﬁaﬂqq (Kim et al, 2012) uonINHATILIAN cordycepin
9 g’/ @ ] Y] a < {
fmENmiﬂismﬂmmm"lﬂmuuazmiazﬁmm"lmuuﬁlmzazmﬂgmuﬁeum adipocytes
1 9 Y [
119910 cordycepin @1M1soanANUNIMIIAeULYa9v8e adipocyte HazMIazauved iy
32 o 3 v v A A a ° @ 9 A A
waznuanennlumstluasnenilseaninmdmsulsaoiuuazanuialnavedlsa
&1 (Takahashi et al., 2012)
A @ = A d FA
mmmﬂmmmmimmamﬁmaiaaiumawuJummq}mm@ﬂwiimmmm

v
Awv o =

=2 o Y o FY) 9 d”
Uszian 2 fl]\‘mﬂﬁuﬂ’Jﬁ]EJ%TL!’JuﬂﬂﬂWfﬂfﬂmﬂﬁ]%ﬂuﬁ%m%LLﬂﬂmﬁ1uIﬂﬂﬂﬁﬂﬂﬁ@ﬂuﬁH

E4

MY MIIVERDUNTNLTINU M IFasanannly G. montanum NILAU 200 U ./AN.
¥ 1 v o w A v Aa a
mldszauiaalunesanasedniiiodnnuaziiuszauduagaulunyiinu (Ananthan
et al., 2003) dauiuvednsa lviiudase ludeaiinanlae alloxan 9zaanszUIUMT 19Ng Ind
a a a3 Y] 1 a H @ 1 a I
Tagtiouyauiluanaazauaiuman)aeunsa luiuaaunwily  phospholipids — wag
U g’/ 9 g a H
AomaMoIaludl N3 phospholipids taznaaaaeseansouilasndme lsaaumun
a X = Y (3 ' ' A . . =
mavulunardenuluguenvzgnildeseongnszuaaealugiiiuuve lipoprotein na'lni

{ 1 a [ g a
du'li1dnarsanaannly 6. montamm o1analdinamianszauiinaaludenldornnaan

o a a I . A A A o 3 A A A
NMIUAIDUYAUIINIFAAUAIVD islets ﬁﬁﬂlu@\ﬁnﬂﬂwﬁLW?J?Z@UU’]@Tﬁiu&ﬂ@ﬂllﬂglu@iﬂ@

L4
a a Aa a =K

A & @ A o [ A d AY Yo (%
I9UUDN ulﬂuwaﬂﬁ'IUWG]fﬂlFl]UI@ﬂigﬂﬂﬂucﬁauﬂlwnmuﬁluwl{}ﬂlﬂulﬂ']ﬂ'J’IUWUlﬂiUﬁ']iﬁﬂﬂ

U

' < ' a 4 o
11 G. montanum (Latha and Pari, 2003) 8814 13AA UL IMV0INsBHADUS §adi518911

1 Q( 95} Q.'l a a .
Nignslumsaahaalueanazanmsnasdugay  (Venkateswaran and  Pari, 2002)
A ' Y Y v o A

Ananthan tagiiousamau lauaasliiums Idesnethnvesly G. montanum fumyusny
v o 9 3 Y ~ 1 A v o W g A

gngnth miunnnuaie alloxan Tnasdnltvdiaylumsaatiaialu@eauazifSuna
Y g 1 a o a

lugiu nalnidu 1y Idlumsasdumsinaniaz lviuludeagevesly 6. montanum er1aina

a a Jaou 1

VINHAADNIINTZAUBUGAUNINFAAAUBOUYDY  islets  WaotHoINTIMsviIfATeny

U
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a a

A 1 1 &I A [ < ~
sugau lasmamumslaseng Inannnanainligilowesouusn  ed1elsnauluvaey
mslnluves G montanum  luneldimamslasuniasszauduganlunylnauimin

{ A 2 1 v o W [ [} J v
Tuvazilurynnuaziinyueg 1 iiied 1Aty (Ramkumar et al., 2008) ANUAUHUTAVNT

asuui/aavesmsina peroxidation vodluiu Isalanamwvinuuaainmsaamsyimrim

i
A o o =

oI IImUeYYaddszidiA SOD, CAT, GPx, GST uaz GSH aslianuddnylumsuda
A ad o Y A 9 a 4 1 -dy o ya
15 NENuAINaa MIanadvedrtnvedmsmueyyaddss luwadmaitie a4y
Y o, mniu 1y uag 1,0, Tuszuudinmaseznelina ol duwaldinamsisuduuas
NISUNTNIL10V0N lipid peroxidation (Kumthekar and Katyare, 1992) luvazinisusziliuma
o 1 = A g =~
YOIMTANANINOANIN G. montanum AoANMTeMEVed la lurydlumnunseuiioy
a A [ %I n . 1A 4 a
UszAnEnmnuenantitn1auInsgIu glibenclamide WuNINssUvDUEW lessidueyyadase
A X 1 A v o W aa A ' <
Tulavesrguvnunvaiuediiisdynieana Mf5um 200 un/nn. aewtanme 11y

Y J
a1 3 d1a11 (Ramkumar et al., 2009)

IDI (insulin) Cordycepin

Insulin Adenosin
e
/,_sstecelptm' tfansponef\
IRS-1 l
PKB = Cordycepin

l \
mTORC1 b——" AMPKB
-/7_ l

4EBP PTOSBK (. cang maNA

|

C/EBPJ protein

PPARY

Adipogenesis

gﬂﬁ 2.3 nuuauyAgIuIuMsuNINIE adipogenesis 1A8 cordycepin, Cordycepin
VAYINNIIINA adipogenesis Tasmsduea C/EBP[3 and PPARy T1321719m31A0 adipogenesis
mTORC1 921139140819370539 U PKB pathway c’f}wzéﬁamﬁnmimm«jmm C/EBPP and
PPAR, Cordycepin E]I‘]Jéjlﬁﬂ”li phosphorylation U894 PKB uazmiﬂizé’u mTORCI @]”IMJWT;Q%%

)
ﬁﬂﬂgmiﬂum C/EBPB (ag PPARy) WIUN p70S6K Lag 4E-BP MINTEAUMIHNIUVDS



13

9 Y 4
AMPK #W1umM3dud3 PKB 69019111 11gmsdudives mTORC1 Tag Cordycepin UN9INil
cordycepin 019%HaABMIABATHA C/EBPP (A PPAR,) Tasase mgmsalineanulmana

Y
1 I 1
martionndunanannmsaeaiu adipogenic U914 cordycepin (Takahashi et al., 2012)

Y Y
UONNAUMIAUNUADUNINUNYI cordycepin A C. militaris ¥I0109AUNIE
"lmﬂuimﬁaﬂqﬂTﬂﬂﬂizﬁumsﬁnmmm phosphor-AMP-activated protein kinase (AMPK)
nazawnsomuay hvesduyauldedeiidsz@nsnn (Guo et al., 2010)
[ I @ 1 1 a Q‘f [ < [
@fJ’l\?vl,fl'ﬂ@']llElﬂllllflﬂ'ﬁ@ﬁ'ﬂi]ﬁﬂ‘l&l']Nﬁ@@ﬂ’lﬁlﬁﬁm’L]Vl‘ﬁell'f]\iﬁ'lﬁﬁﬂﬂi]']ﬂﬂ\uqﬂ
(Cordyceps sinensis extract; CSE) SIUAVAITANANANLFIIA (Gymnema inodorum extract;
1 9 o 3 A Ao o ¥ o A o Y a
GIE) @]ﬂﬂ'ﬁaﬂhhlllungﬁgﬂ‘]_lu']ﬁﬁiGlum@ﬂﬂl@ﬂﬁk!ﬂ%ﬂUW@]?ﬂ@WﬁWiulﬂluugﬁﬂﬂﬁliﬁlﬂﬂﬂﬁnz
@ A J [ g’/ a o dyd Y= = a Q"l [
"lallﬂJuﬂlulaﬂQQ'\iﬁlulebJW ﬂﬁuu31ﬂ\ﬂu3fﬂﬂufﬂﬂllﬂﬁﬂ‘lﬂl'lﬂ\iwaﬂﬁlﬁlﬁiuf]ﬂ‘ﬁsllﬂ\‘]ﬁ']ﬁﬁﬂﬂﬂﬁlﬂ

1 % o U sc} v g’l v
CSE 7unuansanadn GIE 1umsaﬂizﬂ‘umma“lmﬁ@mmzms&mmmaz"lmuu“lmﬁaﬂgq

'
IS v o

Tunygndmihliinan e luiuludeagaluny lugaremslinuems ludugs

Q
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B UHUMIIVY

U

3.1 a9

a A

o A a
3.1.1 INQAVNY Hasi¥o3 Laza1mu

Q
¥

v A o 1 Yo ) A o o2
AFANAFDTIVOID N (CSE) 1asumsmivayulasuiinaeia luToma

an ] o a o 4 ]
(CordyBiotech), YszmetIng nssudsmsanailuanudvvesnevsindiesnnldiumsn

a a o 1 @ a 1Y 14 a Aa o ~ g

pyuaNnslaTIWNULINGIdINEATIAAT (PUANTUATIUN 11927 ATTUABTMINIZIAL
< < 1T Aa o 1 o o Y]
WADUINNWA)  (http:/www.cordythai.com/index.html)  #798197% 1@3 UM TUTDIAIN

4 1 a o 4 Y
WONEAEATUHINHIINABINEATMART (NFunnuKIuAs, Uszmdlne) luvesdnFoan

v A a o a A A S ]
(Gymnema inodorum) 3<AAADNINUIENEIUNBATOUNTOFEA1 (Foalnu, Uszma'lne)
Y [] A Yo v A o 4 v A A A td'
Aoe1any lasumsasivaey lag HRLAT.AUA TATIUE 0101300aZNFIIMINYA
a Y] = = o 1 A < 9}d‘ 4 a 1Y) =
wimendomaTuladgsuis aredisgniny inangnumdas unineraomalulad
r 9 ki

gsuts asalionn fanuald Laboratory grade 1ad 1usiu 3T3-L1 adipocytes #9910 ATCC,

Methyl Isobutyl-methylxanthine (IBMX), dexamethasone, {18 insulin reagent ¥091N Sigma (St.

Louis, MO, USA).

3.2 35MInaael
= v A
3.2.1 MIAIANANANY
y 1 =) an
HIRNIFBIIUABZIDEANIHIIN 250 NTN QA lu 95% tomuea USwa 750 Hadans

{ a I @ I 2 [ @ o
ﬁqmﬁﬂuﬁlﬂﬂlﬂunaW 7 T 1azAWYUUNATI HAINATY 7 U a5aNALDNIUDALYNNT O

QU U

J @ v o 4 %
ﬁ}jﬂﬂigﬂ']‘l’:lﬂi@\nﬂ@i 1 a'ﬁaﬂﬂl@ﬂ']u’ﬂaﬂggﬂi5!;1489’]')‘1/]']?33@']8@9{38!,?]%@\1ﬂauﬁglﬁﬂﬁ'ﬁ

v a v 9 9 o O { ¥y 9 A
LL“U“U‘quIu ﬂ'lﬂclﬁfgmﬁgll 50 °C ﬁ’liﬁﬂﬂlmumuﬂﬂlﬂﬂsluéﬂ’IULaﬂﬁl%@ilagﬁqﬂiﬂllﬂﬂwgﬂqﬁ

U

a v

Y 4 = 2 AAA o A < Yt
izmammmmuaaiwanyim ffniﬁﬂ@ﬂQL!"U\WIiJﬁ'@H"Uﬂ’JQﬂlﬂUul’JﬂQﬂ‘l‘ﬁﬂiJ -20 °C IUNINY

U

1im314%auae 11/ (Prabhu and Vijayakumar, 2014)

3.2.1.1 ﬂ1§ﬂ§3§]ﬁ@uﬂ1qwqﬂﬂ!ﬂﬁ!%ﬂﬂmﬂTW!ﬁ@Qé‘u
a o & 9 A A o A A A ]
ﬂ’]i:]lf"l513Wﬁ53%ﬁ@ﬂlﬂﬂ\1ﬁu%1\ﬁ/‘|ﬂﬂHlﬂulﬂﬁﬂmﬂ”IWﬂ”Ill!T!ﬂ”liﬁ’]iJ‘V]@‘ﬁ‘]J’]lelfJﬂ@u

Y 1Y) { <
i TaslinslSunlaswanifesn1u3I5a5ueq Al-Daihan et al.; Savithramma et al.; Yadav
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and Agarwala. asanan lasumsastaaevalulszney 1dun alkaloids, tannins, flavonoids,
saponins, glycosides, 8% steroids (Al-Daihan et al., 2013; Savithramma et al., 2011; Yadav and
Agarwala, 2011).

naaed alkaloids

2 iadans MNATANAYINEMUEAAIUTUTY 100 mg/ml gruiinly 2 ml ¥oa 1%

Y

HCl nagman 1Hdnud 91n1iwday 100 ml voq Mayer’s or Wagner's reagents asluasana i
A o s a ¥
Noan1aeeAIzlIINgMINNALNEUVBITIING

NAadU tannins

Ferric chloride

2 §a@8A3 NNENTANANONIVOAANUTUTY 100 mg/ml QARANAY 2 ml YOI 2%
FeCl, mMsWau1ail - 1397 (cathechic tannins) W30@ 1 - 61 (gallic tannins) 53YNTUNULIY

Gelatine test

2 JadanT Y04 1% a15azany gelatin N1/5znonA8 10% Nacl goiulu 1 ml vesas

Y

ANAANUANTY 100 mg/ml MINANLNDUVIIUIFINTUNUIIY

naaal flavonoids

Alkaline reagent

2 iadans NENTANAANUANTIY 100 mg/ml gANANND 2 ml Y84 2% NaOH N1351o
@ = A ~ = I = [ A A = A
dvestimassnzunsaazlaouilulididvawmniun lifveavesnsadons (1% HC)

Y3 K s 3 9 h < @ Aa
A l¥iHuDanN1500gv04 flavonoids 19 Quercetin 1udInIVANTLFIVIN

Lead acetate test

2 §adans MNASANAANUANTY 100 mg/ml @ANANND 2 ml Y04 10% A58z

a = A Y I = 4

lead acetate MINAALNOUFIMABAEA RN TN TIveea

NAAOU saponins

A aa o 1 1 I
4 fiaaans MnasanaANuduTY 100 mg/ml gvdregusuiumar 15 Wi ms
a 1 A I A A 1 .

wan Iluuuuaeiiouilumal 10 WIND0I1Y 1Y saponin

Nnaaeau Glycosides

Liebermann’s test

a aa [ [ 14
2 adansT MINTTANAAMMTUTU 100 mg/m] QARTUND 2 ml vosnas Isvloiuuag 2

9‘ 1 -2
ml vounsaozdan wauliisuasluindaazldlelasnusa lnddudy 2-3 weaadll s

a ¥ a oA

A = = I a A =2 .
lﬂﬁﬂuﬁﬁnﬂﬁlﬁ]dlﬂuﬂu NUNTOTVYMULTAING glycosides
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Salkowski’s test
a aa v A 4 o J
2 addas anensana goiiulu 2 ml vesnaslsesuuda 2 ml leTaswuda’lia
Jy 9 A ' o Y ' a3 YyI 1A 4
udu griuEIuNINod Nz iAT TIazg 1 o Mhmauawaasliviuni Inala lya
NAaoY steroids

a [ [ J 9 J
2 iadans MNATANA QRN 2 ml vosnas Isesy waz laTasmuda luaidudu

a a Y S A J o ' a J
ﬂ'lﬁWﬁﬁﬁl!ﬂﬂiu‘b’uﬁNﬂl@ﬂﬂﬁﬂiiﬂ@ﬁuﬂﬂlfﬂuﬂ'liﬂﬁ\‘]ﬂgellﬂﬂﬁmﬂﬁﬂﬂﬂ

3.2.1.2 msdszanausealSanavesansisneumanil

msnsaevdSnadluednsin (TPC)

BanailuednsmgnastvdeuTasld Folin Ciocalteu assay 4'l&AnsnNnoumh
At Chen and Li: Settharaksa et al. 1agiims1lSuilaewaniios (Chen and Li, 2007; Settharaksa
et al., 2014) Tﬂﬂﬁgﬂﬁ’qﬁ LARZHQNUDI 96-well plate VTYAANAIY 100 pl VDI 0.2 M Y04
Folin-Cioculteu 1A% 20 ul Y89 CSE %30 GIE Anuidudua1ae (0.0025, 0.005, 0.0075, 0.01,
0.015, 0.02, 0.0625 mg/ml 114 100% LIMUBA) VOINTAUNATN LAWAN 80 ul YOI 7.5% (w/v)
sodium carbonate taztimIunan 2 #1lusiigungines maanduuaaiildiagi 765 nm Tae
19394 spectrophotometry Pinailuednsaugnastnaou lasldnsaunadaniu
ns eI wafi Iguanaiiuiiaansunsaunadndonsuveainminumde (mg GAE/g)

msnsnaevfSmnamialiuesdsin (TFC)

WsuanlaTauesd59wgnATI9d0UR0 aluminium chioride colourimetric assay A1M
M5V Rupasinghe et al t1a¢ Singleton et al. (Rupasinghe et al., 2008; Singleton et al., 1999)
Taedimsdiunlaoudnios waﬁgﬂ”lﬁ’ﬁ’qﬁ 125 ul Yhnau, 25 ul @19419391U catechin fia

[WUTUA199 (0.025, 0.05, 0.1, 0.2, 0.3, 0.4 mg/ml) ¥3® CSE %30 GIE uag 10 pl vad 5%

1 1 1 a I o g
NaNo, gnwanlunaag 96-well plate Mswavgniunguugivouilunal 6 i wasaniiu

QU

9
WINEITaLA1Y 15 ul ¥9d 10% AICL AUUUVUAD 5 mﬁ‘ﬁamﬁnuﬁ’

Q G

99 UAAN 50 pl VoI I M
! . I s Ao A
NaOH taztvenlu microplate reader spectrophotometry Wuna 5 HINNBUNIANINITYANA
. ) .
i 595 nm WsanaarTuesdswgnasiaden Tasldnsmuasgiuves catechin #ah la

I A Aa o a 1 [ %,’ o
neaau uaaﬂ5mmﬁwmmmmumumﬁq (mg CE/g)

3.2.2 Cell culture
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3T3-L1 Mouse Embryonic Fibroblasts G‘]ﬂ;liz)ﬁ]”lﬂ American Type Culture Collection
(ATCC, USA) (¥ad 3T3-L1 preadipocytes Qmwm’%aﬂumwﬁ Dulbecco's Modified Eagle's
medium (DMEM) 1) ﬁlmmﬂgiﬂﬁtjﬁ HaIA3uAIY 10% v/v Y99 bovine calf serum (BCNS),
100 U/mL U®4 penicillin 8¢ 100 pg/mL YD streptomycin Mﬂfliul,%ﬂ\ﬁ]uflmﬁUiiﬁmﬁJu
Uszia 70-80% (2 M) maﬁgmﬁuﬁ'ﬂmﬁqmwgﬁ 37 °C 1 5% CO, uaz Aot 95%

Tils Taneamasgiu ldlfiaammuimiaves ATCC

Y o o d
3.2.2.1 mamdennmMIaawad 1vives 3T3-L1 5ad (MUUHIMIVe ATCC)
=

MIAIeN

A U5ZNOVUUDIOIMTINNMTVIIAIVOS Pre-adipocyte: 90% Dulbecco’s Modified
Eagle’s Medium (DMEM) 10% Bovine Calf Serum

[ A A I

Tudsznovvesomisimseimsiasuuiasnin Pre-adipocyte 114 adipocyte: 90% of
DMEM, 10% Fetal Bovine Serum (FBS), 1.0 uM Dexamethasone, 0.5 mM
Methylisobutylxanthine (IBMX), 48¢ 1.0 pg/mL insulin

dmseneuUved I NI NYITAINYDUYAE adipocyte: 90% DMEM, 10% Fetal
Bovine Serum, t1a1& 1.0 ng/mL insulin

A J @ J U dﬂl Yo g A an .. .

owaa 3T3-L1 YITIUAU 70-80% yadiviaril lasumsinuned 1aeds trypsinization
auswugthnineony subculture 15211310 Product Sheet for ATCC® CL-173™ 19508

S o L A Y] I
3T3-L1 preadipocytes %’Qﬂlﬂﬂiﬂ‘]zlﬂu’mﬁﬁﬁmllmﬁlmﬂﬂﬁﬂl@ﬁ Pre-adipocyte wWunan 2
[ v W =K o Ld' d' = Y o % o ¥
T esn a9dun 2) msnlasuuilassudanszuiumsgameveusadgnyniiinlg
A = . < . 3 [ [ ? J

M3 NsIMiaeuialasain Pre-adipocyte 111 adipoeyte 1Huran 2 1 vasnnuuaagn

a

1 ™ 4 < [ [ {
iz luesndnuanmueuwaa adipocyte 1ilunan 6 11 essnEanMgniaeu
o ¥ 7 ¥ v o A v 4 qu
NN 2 T wnsznusadansoldnuld msananniivgnazateals 100% DMSO e 1%
< < 3 A A Yy o A o
Wuafeauazinuigungil 20 °C  udrddeavosdisanagninlue1iisuazeIMsiny
A Y Y 1 [} ~ 1 o 1 < = 4 Y Y A 9
anmnanudutuaeg  Tumasnariuanaenu ldaunizinuneusad  anududunly
1 I I a 1 o 1 o )
¥99 DMSO Tutaazemsiu 0.1% viv minaaeuanuiluiivaesadveaaz asanan
o 1 2
1aTaemsiamsogsonvosaadineld  3(4,5-dimethylthiazolyl)-2,5-diphenyl-2H-tetrazolium

bromide (MTT) (Life Technology, Thailand) ﬁmﬁmugﬁwmé’wﬁ@]

3.2.2.2 msmaaummmagjmmwaﬁ
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pannuiufivvosmsaiannfivnio  simvastatin - geMIANTIMILTAAYN
asveeU lay 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay nou
M33IWAINUYDY 3T3-L1 preadipocytes §nHalu 96-well plates farumuniui 5 x 10°
cells/well nasnnfimagsmauiiunm 2 $u IraagnsnEITIEANUTLATUANY YosmTanA
(lﬁmml,?]m; C. sinensis extract (CSE) 5 ug/ml - 40 pg/ml; G. inodorum extract (GIE) 250
pg/ml - 2000 pg/ml, YN IWAY; CSE (10 pg/ml) $9UAY GIE (500 pg/ml)) wz‘ﬁmﬂ??uqﬂ
282NN (48 $2134) ANUAIEYIBAEAARNATIIAEL TAY MTT assay waﬁgﬂ"lﬁ'ﬁqﬁ
MTT assay n@iiuN15 1agnstiusadn 100 ul ¥99 MTT solution (0.5 mg/ml 1u phosphate
buffer saline [PBS]) A 37 °C flunan 4 21w wdsnntuaisazas MTT ﬁwmﬂzgﬂ@ﬂaaﬂ
1187 Wan Formazan ﬁgﬁﬂﬁummmaﬁéﬁ%ﬁmgﬂaszflu DMSO 100% M13NAavIgn
Fuiiumslureaiia ’S’ﬂﬁwmisﬂ@ﬂﬁuumﬁ 540 nm @28 microplate spectrophotometer
(Benchmark Plus, Bio-Rad, Japan) fnisganauudaslundaziSuagnivamlasmsauns

= A (= 4 I 3 o a o 4 o A 1
{g}@ﬂauuﬁwawqmﬂam”lum%aa 1osIFUAUaINAN NN formazan NATUIND A

anuiunsaoad 19U5nan ludluislumsinsiziiae 11

ANGANAULEIVDA control-blank of control

% cell viability = = ” x 100
ARANAULAIVDY extract-blank of extract

3.2.2.3 Mo Oil Red O
[ Q 2 J J . a g Ao
msdadimalasndme lsanmeluwadly  adipocyte szozFauauRfUATasNs
Y l
doud Oil Red O mwoTuonounihil Tnelin1ssunlasuunediu (Ramirez-Zacarias et al.,
[ { I A oA
1992) Tudui 10 wadlu 24-well plates TANUHUILIUN 3x10" cells/well §NA1NAIY PBS 2

y @ I @ A a @
ATI UAZATINY 1 ml/well YOI 10% (v/v) formalin 1Hwman 1 42 Tue Nguugiiies naannms

= s v v ¥

v 9 9
A3 1FAAYNANAIYUINAU 2 ATILAL 0.5% Oil Red O solution 11 60:40 (v/v) isopropanol:1i1
Y

. ) o g a A Ay o S s v v ¥
Nau i‘lﬂﬁl, Gluﬂ'lifJ@iJWﬂﬂhl"lliJULﬂuna'l 30 UIN quﬂguﬁaﬁ WaﬁﬂWﬂUULcﬁaagﬂaqﬁﬂjﬂuq

U

] 9
(4 12

nau 2 AN uasmﬂ"lmﬂugﬂm’maaumﬂclﬁ’ microscope L1 photographed NOATINAOUNT
azanvedluiu luiugnanalaen1saresdie 60% isopropanol AINAIY 100% isopropanol A7
galalu 96-well plates oulni Jammaganauuadd 490 W TUNATAIBIATEY microplate

spectrophotometer

3.2.2.4 Fourier transforms infrared spectroscopy (FTIR)
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. I A A 1o L = ] Y
FTIR microspectroscopy  umaiiaf ldvhaewad lunmsany laerieldaiuise
meﬁﬂymzmmmjuﬁuﬁﬂ@inﬁ’wﬁu lipids, proteins, nucleic acids 81 polysaccharides Tu
TaseadanamInendudon (Siriwong et al, 2016) MIIABIAYUITABUN T UATIAL
1 4 o a [ { [
Ysunavesaiulsenauluwaa 3T3-L1 gniviualagmaila FTIR Tudun 10 ¥aa9inns
1 s 7 o A Y oA < ~ S s Y
@eusan waa 3T3-L1 gnaa@enuazfun 400xg Hunal 5 win MnduwadgnaNaly
¥ Y 4 < = 1Y J . .
0.85% NaCl taziludnasan 400xg Hunar 5 W war¥adgNHAaIUY window slides
o I {
(MirrIR, Kevley Technologies) tt@2911uialuTogayanmeniunar 30 il wadnuiwds
I A a 4
ganuluTagaameineseIinsizr FTIR
FTIR spectra QNUUANTAY spectroscopy facility N eoiiuddonaadulnsnsou
(E]\‘Iﬁ{mimfﬂﬁlm) (Synchrotron Light Research Institute (Public Organization)), Uszmalne
FTIR spectra #3197 Bruker Vertex 70 spectrometer AANU Bruker Hyperion 2000 microscope
Y
(Bruker Optics Inc., Ettlin-gen, Germany) #9$401 nitrogen cooled MCT (HgCdTe) detector N1
36 x IR anlaafuilasuiluTnuanmagtountisisavaaui 400-4,000 cm’ 1¥vuiagiy
HEd 50 um x 50 pm NHANVAZIBEAT 6 cm ' uAAzAN)NASUYNIAENT 64 AN OPUS 7.2
software (Bruker Optics Ltd, Ettlingen, Germany) gnl#5udoyadilnasy FTIR nagszuy
ALY
a1nASuUDY non-differentiated cells, differentiated cell, Qg treated cells Qﬂizuﬁﬁﬂ
Principal Component Analysis (PCA) Tm11u1/5U391U89 Unscrambler 9.7 software (CAMO
Software AS, Oslo, Norway) $NAAUYDINITATIVIAND 3000-2800 cm 1A 1800-850 cm' g

4

l¥dmsunqunaana noumsszuanavesanlnasyladuiiums Taemsulasoynus
duaunaedlagly Savitzky-Golay algorithm wazlSuln@adag extended multiplicative signal
. thdy 9 A o 9 (9 A U <KX A &
correction (EMSC) 254 151W03 YN IsNUFDUNUYDITDIHI ONINNTINIQATUNAIAAIWAY
' o 90’ (% ) [ { 4
wilssgvaamssshan)nasurazmsud lvdmSumsnldoundasivugu nlasdoyanziuu
A 9 o v J @ 1
D) wazuaamslvan (Load Plots) MaudadvoyanaznudunisszrIalsane
YoIyAToYaAINEIAY
¥ { @ ] a o
m3suswmiunldnsivesiiedagninizd lagld OPUS 7.2 software (Bruker)
Ao alnasui 3000-2800 cm” 1Ay 1750-1730 em” (lipid spectra), 1A% 1300-850 cm’
9 1
(nucleic acid spectra) mssruswnunldnsmvesanlnasy luiy (1700-1590 cm") Qﬂﬁwmm

NNAMNHVILAVVDITUNATUIANVDUADEAIDE
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v d Y Aav Y]
3.2.3 ﬁﬂ?'ﬂﬂﬁf’)\‘i!ﬁﬂﬁ“—!')‘ﬂﬂ, 6111419]9]'3@2}1\1, 91113, HaZN1IVINUUUNINAA
3.2.3.1 ﬂ‘]ﬁﬁ]u?mmu‘]ﬂé‘h@fhﬁ
gmmiﬁm’smmuméfmsin : (Charan and Kantharia, 2013)

@ [ Q,
VAR = 2SD(Z + 7P

)2/d2
A
$V13]
oA = ' Y A = o 1
ANVYUVUNIATIIU = NNMTANHINDUNUINITONITANHIUITON
a2 = A A
7 =7 0052 — V4 0.005 = 1.96 (1NHNT N Z) NANUAARAADUN 1 DI 5%

Pz 020 = 0.842 (1INA1379 Z) N1 80% d = effect size = ANVLUANANITZHINAINAN

9
[ Y

AUUVUIAAIBE = 2 x 20.12° x (1.96 + 0.842)/30” = 7.06

4 ¢
3.2.3.2 aUd3 CSE 112z GIE Aamsnagauanumumuasiiealuvyluds
o d
3.2.3.2.1 MIAUUTAINADDI

v J 9 < I o =< 4 Y %
mynaassludainaaodldnyunddlunuudiaeslumsane vyludmad 49 @2
P o s Y ) o Yo s & ' a
(ICR und) o1glszinm 8 dand 1hmiin 30-40 niu IAsUINgUITAINAADILHINA

a [ a e o { [Y4 = [
UMIMeIAENHAa lagiedaziiniInaaodneIMsdainaasy vriInedema lulaggsuis

)]

v J g
unsyan dszmalng dainaassgnineslunssauauad Tudesniuauuanazguugi

U
o

A a o o I Y
(alvl 06.00-20.00 1) gauwgil 25 + 0.5 C MinaaewIAIWKANINMA TunTguanaz 19
v [ a v a [
’dm‘wﬂamuaz“lﬁ}‘mmimpmmﬂﬂmzﬂiiumimi@uauaﬂ%}ﬁm (ACUC) uv1Ingay

J o

A o @ < ¥ . o
mﬂiuiaﬁqimi ammﬂm"lﬁ’iumwmmmmigm (Chakan Oil Mills, Sangli) ttag a1V

Q

dainaaoany1i$19a (Prabhu and Vijayakumar, 2014)

3.2.3.2.2 MsnAgeUANMUMUABINAIA (OGTT)

wyludgaudadly 7 ngu § 7 dlunkazngu wyilndgnldlumsnaaeuaiy
wumu@i@ﬁmmiuﬂ’cjummu (Con), ﬂicjn%'i"uq 1&uA CSE (150) = CSE 150 mg/kg/BW; CSE
(300) = CSE 300 mg/kg/BW; GIE (150) = GIE 150 mg/kg/BW; GIE (300) = GIE 300
mg/kg/BW; NQUWEY CSE (75) + GIE (75) = CSE 75 mg/kg/BW 39401 GIE 75 mg/kg/BW;
ia glibenclamide A131181 10 mg/kg/BW, an 1913 positive control (GIB), mudey nAAgu
gﬂa@mmmazﬁﬁmﬁu wﬁamﬂﬁunﬂﬂ’gjugﬂﬂauﬁmm 2 g/kg D-glucose HAZAITANANI
1hn it uiasyduihaaludon szﬁuﬁwma‘lmﬁmgﬂfiﬂﬁ”m glucose oxidase strips (Ito et

al., 2001).
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| Experimental gr |

Control gr | Treated gr.

CSE(150)| | CSE(300)| | GIE(150) | |GIE(300) CES(75)+GIE(75)

non-HFD or
non-DM GLI(10)

gﬂ‘ﬁ 3.1 ULHUMNUAAINITDOALUUNITNAADY; GLI = Glibenclamide 10 mg/kg/BW; CSE (150)
= Cordyceps sinensis extract 150 mg/kg/BW; CSE (300) = Cordyceps sinensis extract 300
mg/kg/BW; GIE (150) = Gymnema inodorum extract 150 mg/kg/BW; GIE (300) = Gymnema
inodorum extract 300 mg/kg/BW 1tag Combination CSE (75) + GIE (75) = MINaNNUV03 CSE

75 mg/kg/BW 590N GIE 75 mg/kg/BW

= U :’J : % A d' d' o Y
3.2.3.2.3 msanmsdudanzimanazluilwaeagdunyiigmyiiaaidoe
High Fat Diet (HFD)
Yo [} = v d‘ d' o v A
wylasveninsluiuge HFD) @iy 60%) ivemileninne luiiuludonga
TilsTaneanaasslasuniseyiaamuunlfiadmsumsguatazmslddailu
Y a oA Yo o a [ ) =)
neeiians lnsnmznssunsnmsguatazms lsdad (ACUC), vvinmendema lulaggsuis
(Zhang et al., 2011)
2 ¥ 2 \
msAnyIMsdugInzihamanag luiulwdeageniall  uaazmsnagoUHYnIL
ponilu 8 ngu (7 @/nqu) nguusnlasuesinduas 5% tween 80 uazlHilu negative
control (Untreated-HFD), ﬂ’cjwﬂamllﬁ'%”ummi”lmﬁuqqi’mﬁ‘u Cordyceps sinensis extract
150 mg/kg BW/day = CSE (150), Cordyceps sinensis extract 300 mg/kg BW/day = CSE (300),
Gymnema inodorum extract 150 mg/kg BW/day = GIE (150), Gymnema inodorum extract 300
mg/kg BW/day = GIE (300), MIHAUNUVDY CSE 75 mg/kg/BW 594NU GIE 75 mg/kg/BW =

CSE (75) + GIE (75), Msnaassmsdugaimalu@ongaaz e GIB (10) = Glibenclamide 10
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mg/kg BW/day 1ilu positive control @rumsnagoungluiuludengald simvastatin #
31101 20 mg/kg BW/day = Sim (20) 141311 positive control mudey nanguldsuemisuas

Y o o QJ
ﬁumullmmmﬂunm 12 ﬁﬂﬂ']ﬁ’

Experimental gr

Control gr Treated gr. HFD plus...

]

non-HFD or HFD or SIM(20) or
non-DM DM GLI(10)

CSE(150)| | CSE(300)| | GIE(150) | | GIE(300) CES(75)+GIE(75)

qﬁlﬂﬁ 3.2 LLW“L!ﬁ\‘lllﬁﬂ\‘lﬂ']'if’)@ﬂl!»ﬂ'i.lﬂ']iﬂﬂﬁfi]ﬁ; HFD = High-fat diet; SIM (20) = Simvastatin 20
mg/kg BW/day; GLI (10) = Glibenclamide 10 mg/kg BW/day; CSE (150) = Cordyceps sinensis
extract 150 mg/kg BW/day; CSE (300) = Cordyceps sinensis extract 300 mg/kg BW/day; GIE
(150) = Gymnema inodorum extract 150 mg/kg BW/day; GIE (300) = Gymnema inodorum
extract 300 mg/kg BW/day 4ta Combination CSE (75) + GIE (75) = MSHEANNUUBY CSE 75
mg/kg BW/day 594NV GIE 75 mg/kg BW/day.

AOUMITNATOL (Pre-treatment) Hynnadlutdaznqugniiudeadniums
AN 13ﬁﬂNLﬂﬁ (FBS, HDL, LDL, Cholesterol, Triglyceride, Creatinine, Alanine transaminase,
Alkaline Phosphatase 11a% Complete Blood Count) tiieif3eufieniundsnisnagen (Post-

A ' ' £ 1
treatment) LLﬁZLﬁﬂUL%ﬂUiuLLWﬁ%ﬂQN ﬂﬁ%ﬂﬁ@ﬂﬂﬂﬁﬂ1iaﬂu1@1ﬁ1utaflﬂ HUNPADIVSYN

J A

3 ' o ' ] a =y v o
@ﬂﬂ1ﬂ15lﬂumﬁ1@ﬂ1\1ﬁl}ﬂﬂ 6 GH’JIN\?ﬂfJULﬂULaf]ﬂhlﬂﬂlﬂiW%W WDAUFANITNANDI TAINAAD
% @ < ) @ a J =~
nﬂm”lﬁ"iumﬂmmmm Lﬁaﬂgﬂmummumnmmzwmmu (FBS, HDL, LDL,
Cholesterol, Triglyceride, Creatinine, Alanine transaminase, Alkaline Phosphatase (161& Complete

Blood Count)

o o OV b Y [ v v d
3.2.3.3 MIIAHIHUNAY, miﬁumms HAZHIUUNDIYICANNND

v W 4

g ' o [ [ 4 o [ g @ o
u1ﬂuﬂgn"ll’f]\‘]ﬂklli]’]ﬁllﬁa$ﬁﬁgﬂﬁﬂnﬂﬁﬂ@’lw ﬁ"lcl’iﬁﬂcl’ilélu'lﬁllﬁagﬁjulﬁ,iﬂﬂ'ﬁ

o 1 A A a 1 [ [ 9 [ A o W
ﬂ'lu'Jﬂ‘lﬂ'llﬂaEJII‘%3J'lﬂ!@'l'ﬁ'li°l/lﬂiiﬂﬂﬁlul!@]ﬁ$3u Glu?uq@ﬂWﬂﬂlﬂQﬂWiﬂﬂaﬂﬂ'E]'JEJ'J$‘I/'Iﬁ'] 21
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b4 [J- Y
1Y @ o o v w [

@ o 3 @ o v v Jd 1
MIVUAYGNBIUIVUD LASATUIUUTHUNDIYICTNNNTADUINUNAT 100 ﬂﬁNm@ﬂﬂHLNWﬁ!mﬁg

Y
#2982 AUIUAIL: (Zhou et al., 2009)

Y
o £ %

3 @ (% v o
HIHUNDWICTUNNTG = HINUNUDIDIYIL () X 100

4
UM ﬂ@]’ﬂl&’)l&@ﬂ“ﬁ]ﬂﬂl@\iﬂﬁﬂﬂﬁ@ﬂ ()

a A U =S A
3.2.3.4 Jatindnenuazammaruaiiluaen
A 2 o ] A < A o Y = 14
Luﬂﬁuq@ﬂ'ﬁﬂﬂaﬂ\‘]ﬁﬂﬂfﬂ\‘llaﬂﬂgﬂlﬂ‘UIﬂfJﬂWﬁL%W%‘VlﬁﬂiﬂﬂWﬂﬁl@ﬂTiﬂNﬂWﬁﬁUﬂLﬂ@ﬁ
9 Aa A 1 ~ A Ao = X ~ I
Llﬁ$1‘b’11!ﬂ”|3@]3’3%°|/l']\‘11€11’i@]'31/]81 ﬂ?ﬂﬁﬁuﬂlﬁﬁ@"ﬁﬁugﬂ!ﬂﬁfJiJIﬂfJ‘ﬂ‘L!‘VI 1000xg L‘l]u!'lﬁ'] 30
= 3 A A a 7 = £y . .
WIN wagnuN -20 °C A IzrmMuail Uszneuaie HDL, LDL, Cholesterol, Triglyceride,
Alanine transaminase (ALT), Alkaline Phosphatase (ALP) ttag Complete Blood Count (CBC) m
a JY a o (% wa A a (% S G
ﬂ"l'i'llﬂi?gﬁﬂﬁﬂﬁgllll'JLﬂﬁ"I?HL!‘U‘U@ﬂIH?J@WITﬁ\ﬁ/‘lEJT]JT(?INﬁ??ﬂﬂ?ﬁﬂlﬂﬂjuiﬁﬂijﬁlﬂﬁ,
U Inedema luTaggiuis (Cherdshewasart et al., 2008)

v
v A

3.2.3.5 manaaauaNmiuiivvese eizdAgy eIt
Tutunaaesiuganenyaz lasueyanaldus Innomsawluauesiuneuni
= . A L) Y 3 =
HAZIAAIHIA 1ABNI3RA Sodium Thiopental Wag/Miomslay Co, Wunan 15-30 Wi
1 £ o v g Y 1 (2 '
vaannuganmaniely  uruluiiugmheenuazimhmindlen  wenanilinaininmsgy
) (% U o Q‘/ 90’ L g 5 U 1
modden Wly du dw sazlagmboenuezyuimin THhhmindamslumsmen
¥ v @ v J o @ d S o @ 4 dy A @
hminduinsvesedoizaely edviznanuagninusne lueaaivives iieibe luiiu
v 4 i1
gnseglumsflunazgninsenlddmSunisaaduiions 1oz 1% haematoxylin 1ag cosin (H
Y ~ aa c’dy A 19 Yy 9
& E)  Tumsdend  asasameiimevesd laatiemesioizgnaiivaeunielandes

P a I a an o A
aNTIAU Lﬁaﬂixmummgﬂu‘wymmawm‘ﬁamn%m!,uummm (Kang etal., 2012).

3.3 MIUATILHIMIa DA

%’agav‘?’wmgﬂﬁmumﬂu AUNABYATA (Mean) + AUARIANTOULIATTIUVEA
M37A (mean £ SEM) ANNUANATEHIANNFNWHTvoary lusiud1989 (epididymal fat
pads) HAZINNITNBI0Z (organ weight) YoInquUAILANIENauNAand laTUMI AN 12 Tag
ANOVA 118 Tukey’s HSD post hoc test A1LANANTZHINA TariadInewasa1ssuadl 1y

1A0ATZNIN pre- 1A post-treatment YNIS5oVIREY TAY Paired student T-test HAZANUUANA
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senanngugnfSeuiionTas ANCOVA 1% Tukey’s HSD post-hoc test AMWEIAY A1 p < 0.05
1aSumsnansanniiedngneada (Wang et al.,, 2012; Zhang et al., 2011)

Ay o J ' @ a ° @
Ufdunusszninmsnadoudosiignilsziliu Taemsmuiannudnduvesnil

a A

Faauanuutunilseansanveadsway  (Fractional Efficacy Concentration Index;

9 [
FECI) Iﬂﬂﬂ’)']ﬂWﬂ’JHJlealjiJslsl}usllf’Nﬁ']iG]’Juuﬂ']ﬂﬂa\ifﬂimeﬁLlﬁﬂﬂﬂigﬁﬂ‘ﬁﬂWWL‘ﬂWﬂUﬂ§’E]

o Ao 1 Y 9

H Y H
annngualunursengu lasuasiu@edn smavidadiuanududuniildse@ninmues

a A

AIWAN (FECD) AUIUN; Fadrmanududunilssansnmueaans A (FEC of A) = A7

Y 9 { A a Y v ' A A ' v
UNVUFIT A ‘ﬁllﬁﬂiﬂiéﬁﬁﬂ‘ﬁﬂWWﬁluﬁﬁWﬁiJ/ﬂ’HﬂJHJiJGUuE‘Tﬁ A ‘ﬁu’s’fﬂﬂﬂig’dﬂ‘ﬁﬂWWLﬁ@i%

a

{ [ A a Yy 9 {
9879; dAaIUANUINTUNTUTEANTAINYBIANT B (FEC of B) = ANMTNIUET B Nuaag

a a ~ a A 4 Y [ Y g’;
Uszansamluaswaw/anuiuiuas B fuaaslszanioileldiner; daiu anw

Yy 9 [ [ 1 A a A ] 1 Y 9
mmm‘umm@%ﬁﬁﬂmummﬁm%uwuﬂazﬁvmmwmmﬁnwﬁu (FECI) = dadiuanuuuIu

a

Nsz@NTNINY09aT A (FEC of A) + dadiuanutuiunilszaninmuesas B (FEC

o ° Yy Y Y 9 v Ao 1 Y Y Aa
of B) mmﬂawamﬂwmmimu’sm m”l@mmmmlmmlmﬂ%uﬁﬂmummmmmuwm
4

Uszansamuesansway  (FECDH < 1.0  UaadNaIsaedfiiutdaansasugnsnu
9

(Synergism); 811@A1 FECI = 1.0 udgasnaisaesaiiu binaasouasnsendeny  (no

v Y [}

1 1 U g’/ Q(
interaction or zero-interaction); tlam FECI > 1.0 HEANTITAIAIUUBDNGNTUNANNU

(antagonism) (Eumkeb et al., 2017; Wagner and Ulrich-Merzenich, 2009).
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Wan1InaaN

4.1 Minaaedluriaennaasg
a d = &’ Y
4.1.1 MIUATILHNGNHANILDINY
@ [ 1 < 4 3 o 4 o
ASANAOMUDAVOY G. inodorum ¥ IRURULSITONUTS uazgnFuimin oMUl
-4 a o -4 a Ay yA a o
wWeSiFudnananvesasana lasesiFudvesnananilane 17.43% (wiw) NaN1IAATIZHNGNY
Y Y v
ANLeIRUYBIANTANA C. sinensis WAL G. inodorum NUNNENITI¥HAN flavonoids THynTRENS
ana C. sinensis WU alkaloids, tannins 9% saponin UazeIana G. inodorum WU terpenoids LY
{ 1 ] g// { 4
glycoside, Tuvaizhl steroids gy Uil lunsaeadiy (1319 4.1) YsunavlanTiuesdsiu (Total
o I
Flavonoid Content; TFC) VoI 15dnNA C. sinensis 12 G. inodorum 11U 8.79 + 2.46 mg CE/g U3
Y Y
WMinue uag 4.99 + 0.63 mg CE/g vouminui, muany YSunailuednsiu (Total Phenolic
o < % o
Content; TPC) UBIaNIaANA C. sinensis a2 G. inodorum 111U 0.14 + 0.01 mg GAE/g voer i
v < Y 1 { & o
1ag 0.81 + 0.01 mg GAE/g vouimiinuie, suaay 15000903 lUAUFINUIEN CordyBiotech
a 4 1 4 an ~ I
Anszviae HPLC 1aun ansnes ladiu (cordycepin), 81592A 1@ Y (adenosine), a3 Induxan lsa

(cordyceps polysaccharide) (http://www.cordybiotech.com/index.html).

4 a 4 § @
15199 4.1 fﬂi’)!‘ﬂi”lgﬁWQﬂBLﬂﬁlﬁﬂ\‘]g}}uﬂJ@\iﬁﬁﬁﬂﬂ C. sinensis 0% G. inodorum

Phytochemical compounds Cordyceps sinensis Gymnema inodorum
Alkaloids + -

Flavonoids + +

Tannins + -

Terpenoids - +

Saponin + -

Glycoside - +

Steroids - -

) =&; () = "laidi
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4.1.2 ms%’ﬂmsag:saﬂmmwaﬁ 3T3-L1 preadipocytes

HAVed CSE uaz GIE @olad 3T3-L1 preadipocytes uﬁm“lugﬂﬁ 4.1 ANUANTUVDIFTANA
ﬁrﬂummqmsma 50% UPUWAT (50% Lethal Concentration (LC,)) 9nfUIBIINEUSATING
apvauevesiina Taol¥msimizimnaneadudu LC, 31AWaves CSE uag GIE Apmsau
MSANSILINVBUTAs 3T3-L1 preadipocytes 511 112.23 + 0.49 pg/ml Uag 2691.99 = 3.76 pg/ml,
MUY ANWBYTOAVDITAT 3T3-L1 WU preadipocytes hitana1aeeeiiiod1nnin CSE (10) -
CSE (40) 1ag GIE (500) (p < 0.05) luwaizdi GIE (1000), GIE (1500) tag CSE (10) + GIE (500) $ims
Lﬁwﬁummmmzfﬁ,mﬂ@hmfhaﬁu"ﬂﬁﬁﬂ;mﬂ preadipocytes (p < 0.05) soiu arududuves CSE (10),

GIE (500) U8z CSE (10) + GIE (500) & hiflufinsowad 313-L1 Jegnidendmfuldluminaans

ao 'l

160 -
140 - ab

120 - 1 be
100

80

60

% Cell viabili

40

20

519 4.1 anwedsenveurad I Tusunaduus Tonnvumnd 3T3-L1 luraoanaaos  CSE = @13

U U U

[ [ Y < [ ] { 1Y)
ana C. sinensis; GIE = A1589a G. inodorum daavluisdufennududuvesansana nitenldia
I 1Y) 1 A aa 9 I 1 A Aa %’ 2’,
ihuluTnsnsudeiaaans (Ug/ml) YoyailunundomundinreinsnaasssIeaIunse (Mean = SEM)

AoNBINUANANNULAAIDIANNIANANEENITod YN 19aDA 1aeld one-way ANOVA Taoly

Tukey’s HSD (p < 0.05).
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4.1.3 Wavey CSE, GIE gﬁ'mc] HazHaNAUYeY CSE M GIE famsazadlviiy szviig
pszUIUMIa3191vTu]u 3T3-L1 cells

Naﬂﬁﬁﬂy1qm§mm CSE, GIE Lﬁfns’] HagHENNUUOY CSE (10) N1 GIE (500) ADNISELEY
usfiieaninnsilaeuntlasen 3T3-L1 preadipocytes 131 adipocytes #3910 $u nmanndea
yanssrivousadiigndoudas Oil Red O 1102 haematoxylin t1araslfifuT CSE (10) - CSE (40), GIE
(250) - GIE (2000) 1ieiae19 naznauiuues CSE (10) 71 GIE (500) anSmiaazaylviiuly
adipocytes luszesiinsapdufiodniisdinydenSoufsusungui 1185 vasdind1n (Untreated
3T3 adipocytes) (p < 0.05; 3Uii 4.2) dallniniu dedned anudutuvessaiidadiuanududy
“ﬁflﬂiza’ NENINVBIESHAY (Fractional Efficacy Concentration Index; FECI) ﬁ CSE (10) + GIE (500)
WU AU uas CSE fiuaaalszansamluaswausiiiy 10 tazanususuas CSE Audas
Usgansamidelsiae wiy 20 sy dasuanududuiiilszAnsamuesans CSE (FEC of
CSE) 393811020 = 0.50 @manusuduas GIE Auaaslsyansmmluaswausisy 500 uaz
anututums GIE fnaanlszansamidieldiaeng whdy 2000 aniu Faguanudutuil
152 ANTAMYBIES GIE (FEC of GIE) 349 50012000 = 0.25 ms1zazify anududuveasai]

a A

o U 9y 9 A =3 "o R o~
dadruanuduIunlszansnmvesansuay (FECI) CSE + GIE 343101 0.50 + 0.25 = 0.75 $1A
9 r'd Y 1

< 1.0 HaaINENIaeIdItuaaIms@sugnEnY (Synergism) uonantiuLdIngunaaosi lasuais
nadouNINquuIaIMIanasveImsazay luiuedaihisdnqloMounungy  untreated-3T3-L1

. A o 1 @ s ] =
adipocyte cells (p < 0.05) (1N 4.3) MMswIMNDNMTAzANVEL lviuneluradanasedall
v o W d’ﬁ} 1 d‘ Yo . £ [ 1 A Aaa d‘ = %
Wedayniesay 54 + 1.37 Tunquin 1a50e1 simvastatin vuna 1.67 Tulnsniudeiiadans Womeunu

ﬂicjll untreated-3T3-L1 adipocyte cells (p < 0.05) (gﬂﬁ 4.3).



28

31J°?'| 4.2 amuaaslviumelumadvdsnnnisdondis Oil Red O 1Az hacmatoxylin Y99 6 NGy
#19819999 3T3-L1 adipocytes 1#5umsnaaeuaie (a) 3T3-L1 preadipocytes, (b) untreated 3T3-L1
adipocytes, (¢) 1.67 pg/ml Y94 simvastatin, (d) CSE ‘ﬁ 10 pg/ml, (e) GIE ‘ﬁ 500 pg/ml, uag (f) T1THETY
V04999 CSE 10 pg/ml NU GIE 500 pg/ml (ﬁﬁwmamwimjﬁ’mwﬁeﬁ 100X, scale bar; 100 pm LA

AMNANNUNTAT 400X, scale bar; 20 pm).
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120 1

a

80 - d

% Lipid accumulation

gﬂﬁ 4.3 n3luanadanaved CSE, GIE Lﬁmq waznaunuaemsazay lviiumelumad 3T3-L1
adipocytes (%) NAI9INMIEONAIY Oil Red O; Preadipocytes = non-differentiated cells, Adipocytes =
Differentiated 3T3-L1 adipocytes (untreated adipocytes), CSE = C. sinensis extract treated adipocytes,
GIE = G. inodorum extract treated adipocytes, Simvastatin = Simvastatin treated adipocytes; 1UIU
melursduRennududuvescnsnadouTasnienldiaily lulasnsudeiadans (Lgmi Toya
ﬁllﬁﬂﬂl’ﬂuﬁ%ﬂéﬂﬂl@ﬂﬂ?iﬂﬂﬁﬂﬁ%?ﬁ?ﬂﬂ%ﬁ (Mean + SEM) ﬁﬁ/’JﬁlﬂHiﬁ!mﬂ@iNﬁu!LﬁﬂﬂﬁﬁﬂﬁWmlﬁﬂﬁiN
pgliiedAyneana laoly One-way ANOVA Lagnad@@UAIMAn@191a8 Tukey’s HSD (p <

0.05).

4.1.4 FTIR microspectroscopy

Fourier transform infrared (FTIR) spectroscopy §n 1% 1umsAny1n1ed Tuanaluvasanaasa
(Mantsch et al., 1986) Tumsanndedl maiia FTIR microspectroscopy gninn g lumsanamuns
Wasumlasnedalmanalumwad  3T3-L1  adipocytes  lasngumaaeuiseneudis  3T3-L1
preadipocytes, untreated 3T3-L1 adipocytes, aglrad 3T3-L1 adipocytes ﬁgﬂ%ﬂﬁﬂuﬁiﬁﬂ 1.67 pg/ml

simvastatin, 10 pg/ml CSE, 500 pg/ml GIE #aunU CSE 10 pg/ml 1uiu 10 nasmsuasundasves
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4 @ v A 1 { o 1 {1 4 1 - -
ad (HUAIUENAY) A1RAY FTIR spectra UDIAIDE19NTIIANUIATUTEHING 3000-950 cm”
{ v Aa 4 4 { 1 [ ]
uaaslugih 4.4 Joyaanlnasudursusaveuyad 313-L1 meldiGeuluuanaresnuannsoniald
I 1 1 @ - 1 - ]
Auauaig; (1) ¥l (3000-2800  cm’), (2) ¥aldsAu (1700-1500 cm’), (3) FIWBA
J a aa -1 1 < ' v A ~ o
mslulemsauaznsatiangon (1300-950 cm') 9613 lsnan F9vesdlansunartineniazdaung
1 1 a s 1 @ a [ ]
ANULANANTZHINT Ao I NUANA AU Iagn1TasIvdedoyaauvedlansuioteg19Re)
A I Y o = A o ] ) A 49! o 9 a 9 o
o ld Iddmmisiinve s unFanuuazuiudwnngldy  anlnasuuestoyaaugnlailss Teniun

o A

A 2 ° a 4 . . ' o R
garulumsihmslnsizeyWusNaos (Second derivative) lus9enilnasy 3000-2800 cm’' iag
1800-950 cm” Taeuaaalugii 4.5a uaz b, MWAIAY MIMUUALDDYDY IR spectra VYOIRIDE1 18
azd 1 luasnd 42 anuuanavesan)nasudany 1dlusrendanvesluiu (3000-2800 cm™) Tag
finlinnududugega 2923 em” 1Az 2854 cm| #0AAREINY CH, asymmetric (¥39Manvo lugiu,
o J = J a aa = A .
nuunaunn sy, ailulewmsa, n3alinaen) waz ANVEMIBALLVANNIAT  (symmetric
1 1 a3 o @ 1 4 a a
stretching frequency) (dauluaiilulugiy, Avundwnnllsdu, milulemsa, nsatiaaaon,
o w A dy 9 [ dy d' =1 d' -
M1ua1AU) (Aksoy and Severcan, 2012) mimeuGlummwmmﬁmummmzwummwa (N 2923 cm
1 1 = 9 Y3 o . X a A d o
uaz 2854 cm), Haznouliifiudadiuves lipoproteins tarddiuiiluasilulansauaznsa
a a < = 1 [ 4
Hanaonanteeued untreated adipocytes 3T3-L1 Tﬂ&mmqqmmqmﬁw} (Figure 4.5a) (Dritsa, 2012;
Garip et al., 2009; Krilov et al., 2009) C=0 stretching Y91 lipid esters GUENﬂEjﬁJ untreated 3T3-L1 19213
) F v [ '
g1InaY 1735 cm'  udesnnuLvId YR MgIgatazuoUnuNgInInguaug (U 4.5b)
9 Y [
uoNIINH ANUTNVOIT QAL NUNUDITIAYDINGHN 3T3-L1 preadipocytes, simvastatin, CSE (10),
4 : g4 g
uag CSE (10) + GIE (500)-treated 3T3-L1 adipocytes ANNWE1IAAY 1157 cm’ FUTUHANIINMNST

=~ o s 4 '
aanauNaveIMIduazionan C-0 10 nalanuuazms 1ulawsndue (Cao et al, 2013) WUN

Y

Y 1

UDYNIINQY untreated adipocytes 3T3-L1 DENFAID (gﬂﬁ 4.5b) mmvﬁ'wumﬁ’ngapmuazﬁ?uﬁmmﬁﬂ
6Ui’Nﬂf,j:iJ 3T3-L1 preadipocytes, simvastatin, GIE (500) ttag CSE (10) + GIE (500)-treated 3T3-L1
adipocytes ANMWBIAAY 1650 om™, 1542 om’. uag 1234 cm’ c'flimdjuwammﬂmi@ﬂﬂﬁuﬁﬂmm
protein amide I alpha-helix (ﬂugﬂmﬂﬂfj‘ﬁ 1650 cm’), amide II (g{ufj'ﬂmqagjﬁ 1542 ¢cm’), uazmg:
fafFuvea PO, stretching mode FIumINNINNIATIARBNMAz LA IMNINHoa THAT (A 1234 cm”)
ANAINY ﬁ?‘h%ﬂﬂﬂ’hﬂq‘u untreated adipocytes 3T3-L1 (3‘]]‘17] 4.5b) (Cao et al., 2013; Heraud et al.,
2010).

wiesziiumsn/asuntasves Tuanavesnnngun1snAaed 3T3-L1 preadipocytes, untreated,
simvastatin, CSE (10), GIE (500) sta2 CSE (10) + GIE (500)-treated 3T3-L1 adipocytes ﬂmzpﬁﬁa”lﬁ’m
MIfuiLRldRaveAUNTATIAGSN (1313-1204 em” 1Az 1165-1142 em”) uan Inalamuas

2 A -1 - - 9 ' A dq ya
ﬂ'ﬁiﬂl‘lalﬂiﬁ@uq (1255'1208 cm , 1096-1073 cm  tag 1054-1000 cm )LLﬁz@@]i1ﬁ3HﬂJﬁNWHﬂ1ﬁ‘Wﬂ
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vosnmenylanFullsznoudie CH, (2938-2907 cm’)/CH, (2973-2954 cm') asymmetric stretching
ttag CH, asymmetric stretching (2938-2907 cm )/amide 1 (1673-1624 cm’) ﬁaeﬂu'lmﬁmmﬂﬂiﬁu
(Baloglu et al., 2015) waﬂ1sﬁmam‘wU’jﬁﬁuﬁiﬁ’ﬁﬂmamﬂu‘lﬂaiﬂmuuazmﬁu‘lammﬁuq Tungu
3T3-L1 preadipocytes, simvastatin, CSE (10), GIE (500) uaz CSE (10) + GIE (500) fin1ioeniingu

9 @ [

. 1A W = L g Y
untreated 3T3-L1 adipocytes D8NUUIFTIAYNY (p < 0.05; g‘lJ‘VI 4.6a) UONINU wunlanavesnsa

'
A A v o W

17naanlungy GIE (500) gannguauad\liedny (p < 0.05; 31N 4.6a) UBNIINY ORI 1EIY

¥ 4

woanunlAfinues CH,/CH, asymmetric stretching NauWUFAULSINBIv09TH5AINE1IVDY lipid acyl

(%

yoluiiu (Baloglu et al, 2015) gefigasgniiiiodiAnlungu untreated 3T3-L1 adipocytes 130
= [ A g’/ A a P U dy A Y
ASeUNBUNUNUANaNIKNA (p < 0.05; 31N 4.6b) MIUATIEHDUY WU WuRnldiaves CH,
asymmetric stretching/amide I “lumju 3T3- L1 preadipocytes, simvastatin, CSE (10), GIE (500), ttag
1 A v o w A =1 ] 1 .
CSE (10) + GIE (500) anaded 1 uisdiaqlonisuneunungy untreated 3T3-L1 adipocytes (p <
0.05; 317 4.5b)
[ o A VoA 1 o
alnasueyWUTNED4 (The second derivative spectra) YBINNNAUNUANANNUVDINITNADD
2 7" . . A a 4 @ Y I
Qﬂ’uﬂﬂz‘ﬁiﬂﬂ Principal Component Analysis (PCA) msaanevannasuues FTIR lanareilu
A Aa a a o a o @ ] A A Y9 =
matanilseansamlunmsmruaguautinvosanlnasuvesdiodanisdme Ingliveyad,
1 1 [ o ~ A
Tuanahuanarnu llawesdsznovves Tuananaztou Tasnmsnlasunlasmsgananveuny
Tuanlnesuves FTIR unumsganauly molecular fingerprint-region U84 IR spectrum 14 mid-IR
-1 9 o =\ 1 o A 9 [ Y o
range (4000400 cm’) lamnniuszialiuaazounertesnylassadaazgluuy  dnbuzved
= I ax A
Tuanan19FINIMDIN FTIR spectra (Dunkhunthod et al., 2017) PCA 1iu35msaadoyanwanarey
a J I @ 1A X v o 4 1
ulasgadoyamuuesdas liidugedauls lmindewn lvaaddnnuluie Pc, PCA Faolumssey
1w d‘ [ d‘ o 9 =\ o o [ v d‘ ld'
Nnaravaaulaluanlnedy  FTIR  fdugeullanudagdmivgdunvanlnasuinlvynganiely
o ' 9 A s o A 9 a Y
CPLEAN M3 lEMsunzinateauls lnamniz o9 PCA T Tumsnszidoya
9 [
biospectroscopic AalUMIAUNAMIIANGUUBIalnaTuNadenumeluyadoyauazmsszyduls
[ g (Y 1 1 1 o 1 [ ] 1
wovan)nasuiiudunuvesnguTuanadiegnelungualedn) aunsadunald  msutangy
o A 1 [ 1 I Y A 9 Aan
anlpasunuanaanuued 6 nguilszannsveusaauaNurauInigalumsasans iyl 2 U@ PCl
@ ) { 3 1 1
U PC2 310UV 93 PCA (gﬂﬁ 4.7a) PCA score plot uaﬂﬂﬁ’mmmqmm Untreated 3T3-L1
adipocytes (481 GIE (500) LLEJﬂE’JE’Jﬂi]”Iﬂﬂ@jﬂJ Preadipocytes, simvastatin, CSE (10) Lﬁ’e)@‘ﬁ PC1 (28%) Tu
ﬁiuﬂﬁlﬁﬂlﬁuﬂiﬁuﬂlﬂﬁ untreated 3T3-L1 adipocytes (401 simvastatin (18N91D CSE (10) 1ag GIE (500)
1109 PC2 (22%) PCA loading plots (3191 4.7b) gnldftiveszyveuwavesannasudediuluaiidiu
sawlumsdangu (GUN 4.72) mawenuezaw PC1 @nsnosuelain positive loading 1w C-H

} . .
stretching region (centred at 2834 cm 1), C-0O vibrations 91 "lﬂaimi]uuazmﬂu"lammﬁuc] (centred
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at 1064 cm_l), “T'Nhlﬁgfut’lﬂ negative score plot UDY spectra UDN 3T3-L1 preadipocytes, simvastatin, CSE
910 positive score plot UDY untreated 3T3-L1 adipocytes uUae GIE wamiﬁﬂmﬁuﬁﬂﬂﬁiﬁuﬁ
untreated 3T3-L1 adipocytes ﬁﬂ’.ﬂiﬁ;ﬂl’ﬂﬂ lipoproteins, lipid acyl chain vod luiiunnuuusy uay
adTulansaous g4n71 3T3-L1 preadipocytes, simvastatin, CSE (10) ag@15Wauvad CSE (10) +
GIE (500)

MSUENLEZAIN PC2 521N positive score plot VoueAnT N0 untreated 3T3-L1 adipocytes,
simvastatin L8 FITNANUDI CSE (10) + GIE (500) L8 negative score plot vosanlansuved 3T3-L1
preadipocytes, CSE Hag GIE ansaesuiela lag positive loading PC2 lu c-H stretching region
(centred ﬁ 2935 cm’) uazﬁ 1662 cm’' (‘ﬂizﬂﬂ‘uﬁjﬂﬂ Amide 1), mmzﬁ negative loading PC2 lu c-H

stretching region (centred 12915 cm’ 1Az 2850 cm™) uazh 1639 cm’' (ﬂszﬂauﬁaﬂ Amide 1)

3T3-L1 Preadipocytes
Untreated 3T3-L1 adipocytes
SIM (1.67)

CSE (10)

———=- GIE (500)

- —=-- CSE (10) + GIE (500)

A5 4

Absorbance

;":'\\\ '\\ C/\
\\ ’ . - \-\/\ 1\‘ \‘\
Wiy
) \

-.05 A

'.10 T T T T T
3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

gﬂﬁ 4.4 ANQYYDY FTIR spectra TunInsau (3000-950 cm’) &0 3T3-L1 preadipopcytes (n = 41),
Untreated 3T3-L1 adipocytes (n = 39), (8¢ 3T3-L1 adipocytes ANAFOUAIY simvastatin N 1.67 WUg/ml
(n = 49), CSE (10) = CSE 91 10 Wg/ml (n = 98), GIE (500) = GIE 1 500 Lg/ml (n = 76), Lag@1ind

¥4 CSE (10) /U GIE (500) (n = 97) #iUA 10 vasmnmsniguessad
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0.1 A

Z“d derivative

-0.2 4
3000 2950 2900 2850 2800
Wavenumber (cm'l)
b 0.2 -
0.1
= 2\ In
0.0 +=~ \ \ / 4
@ \/ \/ p
'E 1399 1234 1157 1084
.g 1045
S -0.1
=
=
=
o~
-0.2
3T3-L1 Preadipocytes
-==-=--=-  Untreated 3T3-L1 adipocytes
s R s e Simvastatin
-0.3 CSE (10)
——————— GIE (500)
~~~~~~~ CSE (10) + GIE (500)
-0.4 T T T T
1800 1600 1400 1200 1000

Wavenumber (¢cm™)

@

51 4.5 masalnaiueyuinAeniiues 3T3-L1 preadipocytes, Untreated 3T3-L1 adipocytes, 112

U

3T3-L1 adipocytes N1 1931 simvastatin 91 1.67 Llg/ml, CSE (10) = CSE 7 10 lg/ml, GIE (500) = GIE
500 Lg/ml, waza1sHaNYDY CSE (10) MU GIE (500) NIUT 10 nawInmMss yususaa voyagn
naaluaesaiu: (a) vsnaluiiu (3000-2800 cm™) uaz (b) TUsAu nsatianden lnalawuuas

a3 1u'lawsadue (1800-950 cm™)
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A15199 4.2 MIMHUALDVANVIIAAUUDY FTIR

UDUA KUY 2nd  derivative spectra MIIMHUALDL

(cm™)

2964 CH, asymmetric stretch Lﬁmmﬂ methyl terminal U®J
phospholipids tuatusu: aaulvaiae luiu

2923 CH, asymmetric stretch V93 methylene group U84
phospholipids twumusy: dauluaineludy, dwswon
TusaumiTulemsansatiandon

2854 CH, symmetric stretching: @21 lvajfie lvii, dmsiwen
TusauasTulamsansaiianasn

1735 C=0 stretching vibrations volusiu (triglycerides 1o
cholesterol esters)

1650 Amide I: C=0 (80%) tag C-N (10%) stretching, N-H (10%)
bending vibrations: proteins Ol-helix

1542 Amide II: N-H (60%) bending (8¢ C-N (40%) stretching
vibrations: proteins Ol-helix

1457 CH, bending vibrations: luiiunag Ts@u

1399 COO-symmetric stretching 118iZ CH, bending vibrations: nlﬂlﬂu,
Tils@u

1234 PO,-asymmetric stretching vibrations: RNA, DNA, uag
phospholipids

1084 PO,-symmetric stretching vibrations: RNA, DNA

1157 C-0 vibrations 910 InaTawuuazai Tulamsadun

1045 C-0 vibrations 910 InaTawuuagas T laiasasun
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a 18 - B T3LI Preadipocyie:
B Unireated 3T3-11 adipocyies
1.6 ] T S BTy
B CEE (10

p b D GIES0R

14 b . CE (1) - GIE (08

1.2 -
1.0 -
B -

Integral area

M -

4 B3T3 L1 preadipocytes
- B Untreated IT3L1 sdipocy b
B 516 (L6T)
8 - b B CSE {10)
I GAE (200
E B CRE (10) + GIE (S00)
=
T 6
i
i
= 4
£
-4
2
0

v
Antisy phmid®
ot cHl gni®
Groups

v ¥

1 { a a 4 4
U0 4.6 (@ Anvlunsvesiiunsvveansaiinndsn Inalanuuarasiulawmsadug waz (b)

U

o 1 & d . . . . .
BATIAIUNUNT I CH,/CH, asymmetric stretching (la¢ CH, asymmetric stretching/amide I Y93 U934

3T3-L1 preadipocytes, Untreated 3T3-L1 adipocytes, Lag 3T3-L1 adipocytes 185 simvastatin N1 1.67
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Lg/ml, CSE (10) = CSE 10 Lg/ml, GIE (500) = GIE 1 500 Lg/ml, ttag@sHanvyesd CSE (10) A1

A v A [ a J Y I 1 A a
GIE (500) MnIuUN 10 UANIINNITRTYUDILYAA m@uﬁmzuﬁmtﬂu AuRagaUAUN (Mean = SEM)

A10NHINUANANNULAAIAMNLUANAIDE1 N BE

a 0.012

[

0.010

0.008 1

PC-2 (22%)
s e
2 =
o =

%

-0.002

-0.004

-0.006

-0.008

T T T T T T T T
-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.008 0.010 0.012

PC-1(28%)

ER<Aqee

A (Tukey test, p < 0.05)
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ﬂﬁ 4.7 M3AATIZH PCA v04 FTIR a1/Ansusae 3000-2800 cm ' 1182 1800-950 cm’ 1HPCA score
plot (a) 1@ PCA loading plot (b); PCA score plots uﬁﬂﬂﬁlﬁuﬁamiﬂ‘”ﬂmjuﬁgmﬂ@hqﬁuizwiw 3T3-
L1 preadipocytes, Untreated 3T3-L1 adipocytes, Uaig 3T3-L1 adipocytes ‘ﬁulﬁjgll simvastatin ‘171 1.67
Lg/ml, CSE (10) = CSE i 10 LLg/ml, GIE (500) = GIE i 500 Llg/ml, tagaswearuued CSE (10) A1
GIE (500) fi5uii 10 ¥AIINNTNIYUPUYAE PCA loading plots TZUANULANANUDY biomarker

Tusraanlnasuvenlodns

4.2 msanmnludainaaes
4.2.1 MINATOUANUNUNMUABIIAA Oral Glucose Tolerance Test (OGTT)
4 ~ [ 1 I %} a
Haved CSE az GIE Wal#ifenn wisldswaeszaiaaludenlunylndvzuaaslugl

{ < o oA @ v
#1 4.8 Glibenclamide 10 mg/kg BW gnlfiiludanivguuin ponguilasumsamsnadenuaasszau

q

'
v A

aol A 'o 1 1 d' 1 Yo 1 A o o = [ Yo
‘Lanﬁ11!!@@ﬂ@]'lﬂ’J'lﬂZj3J°I/luliJulﬂﬁ‘Ufﬂﬁ“VIﬂﬁ@’U’E)fJNlIHfJﬁTﬂﬂJ“VIL’mT 15, 30 tag 60 uTﬂ“ﬁﬁﬂfﬂWﬂ]lﬂﬁﬂ

g
Y

asana (o < 0.05) lunguitldSumsnagen nuhszduihaaludenanasesiitod s lungy
Glibenclamide ﬁ 10 mg/kg BW, GIE 171 300 mg/kg BW, GIE 17] 150 mg/kg BW, CSE 171 150 mg/kg BW
denfsuifeusunguatuauuanuazngu 185 umsnadeunau (» < 0.05) ndanniidenans 15 wiil
finan 30 wifindaimstou szanhaaludealunnngui 185 umsnadey iuanmeediiodny
iy 1850 glibenclamide sndungy GIE 711851151mgaga (300 mgkg BW) fimsanaves

v ]
[ ?)I 1 =

szauaadnngui 185y Glibenclamide oeneiiiodiAn wasanldsumsana 60 wid wumn

[

H 1 1 [ 1 Q/ v o Q/ 4 L 1
izﬂummaGl,mﬁamlmﬂauﬁ"lﬁlsumsmﬁmmnﬂaummaﬂm GEN Lﬁﬂ!fﬁﬂ‘ﬂﬂﬂﬂallﬂ’lﬂﬂu

D.

RE, ﬂ‘]Jﬂ’NiJLsUiJ“Uule’ENﬂaIﬂﬁ“ﬂﬂﬂﬁiJthLW]f‘l@]NﬂUﬂﬂNMHﬂﬁWﬂﬂl'ﬂ 120 UM @EJNvliﬂ@”liJﬁﬁNﬁMﬂJ’fN

@

CSE 1/] 75 mg/kg BW A1 GIE at 75 mg/kg BW lifinnuuanasedieliisdfniy CSE 1/] 300 mg/kg

9

BW lutanasanatiinaaew
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350 — —@—— (ON
: ...... ...... GLI (10)
i mmaFea=a=  CSE(150)
i GIE (150)
300 — == —ffl= — CSE (300)
g GIE (300)
1 - === CSE (75 +GIE (75)
~ i
%o 250 ]
= ]
-’
s i
2 i
S 200 —
= i
©0 i
3 ] a
3 150 a q
M " a a
. a a
1 a
100 —
50 T | | T T
0 min 15 min 30 min 60 min 120 min

Time (min)

gﬂﬁ 4.8 mslsziiuanunumuaeng Ind LzamﬁzﬁuﬁwmaiuLﬁaﬂ@mnmﬁ“lﬁ'%’umimﬁau,
—8— Control group; —®— Glibenclamide 10 mg/kg BW; ~V— C. sinensis extract 150 mg/kg BW; A

G. inodorum extract 150 mg/kg BW; —8— C. sinensis extract 300 mg/kg BW; —B— G. inodorum extract
300 mg/kg BW and <~ e15Wery CSE 75 mg/kg BW 59101 GIE 75 mg/kg BW, OGTT ¢ lums
@ﬂmwmﬁ’mﬁmﬁ@msgﬁw‘i’a@simﬁammz“luﬁqﬂ D-glucose 2 N5/ Tansy uazansanagnifounis
ﬂmﬁams:ﬁ’mgiﬂﬁﬁ 0, 15, 30, 60 Az 120 W1N %’agaﬁuﬁmgﬂu AunasauAdia (Mean - SEM)

(n = 7), AIBNHINIAUAINUNUANANAULAAINNANVUANAIVOITTAUNY IAdod 1 Ued Ay (p <

0.05, Tukey’s test).

4.2.2 Waves CSE, GIE g naznaniudessimimaludoauas s ludlvifilwdeany

TuM3IAsI9EEUNAYE CSE 1Az GIE e 191Re99 wienaufudeszshmalud@oauas Tils
"lvxla("lmﬂ’uﬁluwggmﬁzﬁuﬁ’ﬂﬁiﬁ’mmiﬂﬂa, 911113 luiuge (HFD), 0113 luaiugeiauny CSE 150
mg/kg BW/day (CSE (150)), CSE 300 mg/kg BW/day CSE (300)), GIE 150 mg/kg BW/day (GIE (150)),
GIE 300 mg/kg BW/day (GIE (300)), 815NN CSE 75 mg/kg BW/day NU GIE 75 mg/kg BW/day
(CSE (75) + GIE (75)), N30 mmﬂmﬂugﬁmﬁ’u Glibenclamide 10 mg/kg BW/day W39 simvastatin

' o ¥ J = [
20 mg/kg BW/day (SIM (20)) waﬂ1s1/1ﬂa’mwmﬁmummaiuzﬁammnﬂﬂqwﬂaam"lﬁ’sums
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nadovanatedulivdfaloMeunungy untreated-HFD (Non-HFD) (p < 0.05; jUN 4.9) iile

MuadadIuaNuEuTUNTUssaNsMMnUedans CSE (FEC of CSE) 1Ay 75/300 = 0.25

Y Aa

Tuvazidagiuanusuduiitlssansmwuesans GIE (FEC of GIE) l&whfu 75/150 = 0.50
mizasiiu anuutuvessri dadmanuduTuits ansamveamssan (FECI) CSE + GIE
SUMt 0.25 + 0.50 = 0.75 i1 < 1.0 LlﬁﬂiﬁiiﬁﬁﬁmﬁjﬁuﬁmmiLﬁQﬁJE]VI%fTu (Synergism) Tun3
anszauthmaluden ?Jq"hJm'n‘i’uwammmmf‘fﬂdaﬂmamma@a, lasnawelsduas  LDL-
cholesterol ludsuvesmnngdunaaeeii 185 uasnadevanasedihivddyiiedoutungu
untreated-HFD (p < 0.05; gﬂﬁ 410, 411, 4.12, AUEIRD) He1s13n5 123 1¥asHauves CSE
waz  GIE  wzeengnmasuiuwiely  dledmieianududuvesdaiidadiunnududuiil
Uszansamuesmskay (FECI) i CSE (75) + GIE (75) AoITAUADIAMADIOA, lnInatye lsatas
LDL-cholesterol Ju@3umui anududums CSE uaz GIE fnaaslszansamlumsnanyeans
UMDY 75 1ag 75 MWa1dl CSE ﬁuﬁmﬂszam%mwgﬁai%@mq Wi 300 dariu

a A

FadrmanuTuTunilszansnmueaas CSE (FEC of CSE) 3UmMfU 75/300 = 0.25 4agay

Yy 9 A Aa a P 9~ 1 o o 3’, ] 1 Y Y Aa a a
[WUYHa GIE Nuaaslszaninilo 198879 mny 300 a9y dadiuanuduiunidseansam
Y
Y9985 GIE (FEC of GIE) 3UM1A1 75/300 = 0.25 1M512R2iY ANty ssstidadinamy
Y Y Aa Aa a =3 1w R A
WuAUNTsEANTAIMV0IAINEY (FECT) CSE + GIE 3991111 0.25 + 0.25 = 0.50 #43A1 < 1.0 1aaq
1 @ e a a‘fo/ 4 a Jd 1 [
NATA0IAIHULAAIMSIATUGNTNY (Synergism) 119AATIZHAT HDL-cholesterol WUTEAY HDL-
T ] Y ]
cholesterol lugsuveannngunaaesi lasudsnadeuuaiuedsihisdnauloeunungu
v Y
untreated-HFD (p < 0.05; 31 4.13) uonaniiuns 1a5UasHeuv09 CSE (75) + GIE (75) vhldszau

o @ v 1

V94 HDL-cholesterol hitgnagegaliisdnanunaun lasy CSE (150, 300) ¥3o GIE (150, 300)

5] Q

19879 11 la (p > 0.05)
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) EZZ8 Pre-treated
| 1 Post-treated

300 _ B ANCOVA-adjusted post-treated
= :
250 0 L be d
% E 53 ¢ **Cde
T) ] ]
§ 200
g ]
S 150
= ]
O ]
S 100
S i
=ai i

S0

0 -

<P <V T 3®\ & Q>
o ¢ ¢ T @ e
&
Groups

gﬂ‘ﬁ 4.9 Waved CES, GIE Lamc] HazNay Giaizﬁ’uﬁwmaslmﬁamawg‘lm?; Non-HFD = Normal
group; Untreated-HFD = High-Fat Diet group ﬁllnul@s{% Ue13; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day ttag CSE (75) + GIE (75) = €113

WU C. sinensis extract 75 mg/kg BW/day AU G. inodorum extract 75 mg/kg BW/day AMULANANDE

IS

tisddnyszrinneutaznainsnadouluuaazngugnifseuiion Tagld paired Student t-test f

a 4 1 J 1 g’/
" p < 0.01 M3AATITHANNIANAINTEHINNGUIY 1FMInadounuy ANCOVA uaz 19 Tukey

v o

HSD TumsnageuszauauuanaNed Nl tsd Ay luuaazngylag AI0nBINUANANAULAA

o

ANULANANBENITIAIAYNIIETDA p < 0.05.
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350 B Pre-treated level

Post-treated level
a B ANCOVA-adjusted post-treated level

*%

300

b
250 e

*% bC

* de
200

150

100

Serum cholesterol levels (mg/dl)

IJIIII\lKII\I[IIIlJIIIllIIIKIIIIJI\I

5]

Qo Qo 0%\ \5%\ ,SQQ\
$°‘\X\ \3\\"“\ 5\“\ CQ,@\ CQS»& v

Groups

gﬂ‘ﬁ 4.10 #ave4 CSE, GIE Lﬁlaﬂlﬁfflgﬁmq WionauiuAnsTaAunoamaosoa lwasaveny lud; Non-
HFD = Normal group; Untreated-HFD = High-Fat Diet group; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day ttag CSE (75) + GIE (75) = C.

sinensis extract 75 mg/kg BW/day Wel WU G. inodorum extract 75 mg/kg BW/day AMULANA19DE1IY

@

WedAyszrInneunaznasmanaaeulunaazngugnilsouiionTasld paired Student t-test f

* a 4 1 U J g’}
p < 0.05; ** p < 0.01 MAATIHANUUANANIZHINNUUY TFnsnaaeunLy ANCOVA tag 1y

v o

Tukey HSD lumisnaasuszauanuuanaiedalisdingyluuaazngulag d19nysnuana1ny

C:)

HAAIANUUANANDENITBTIAYNNADA p < 0.05.
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Pre-treated level
ez Post-treated level
250 E== ANCOVA adjusted post-treated level

] *%

Serum triglyceride levels (mg/dl)

d‘ A Bld' A (% 1 [ =\ L = 4
517 4.1 waves CSE, GIE e l#1Re19 visenaunuasszay lasnde 15d ludoavoany lud; Non-

'

HFD = Normal group; Untreated-HFD = High-Fat Diet group; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150

mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day ttae CSE (75) + GIE (75) = C.

=

sinensis extract 75 mg/kg BW/day Wel WU G. inodorum extract 75 mg/kg BW/day AMULANA19DE1IY

v o 1 1

WedAysznInnoutazaimsnadeu luuaazngugnilieuiieu Tagld paired Student t-test f

9
Y

a 4 1 ' ' Y Y
“ p < 0.01 MIAATITHANULANANITENINNGUUY TFMITNATDVULY ANCOVA tag 14 Tukey

v

HSD Tumsnageuszauauuanaed Nl tsd Ay luuaazngulas AI0nBINUANANAULAA

9 v a

ANUUANANBYNNUBT AN ADA p < 0.05.

)
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60 — BN Pre-treated level
. **x o [ Post-treated level
% i % wzzzz ANCOV A adjusted post-treated level
= 50 7
=) o % *%
g | % b
=] % 7
< g é Z *c
2 - % a n
- / *% / /
= ] % 7 wde B B .4
g 7 % **e % % % % e
] o / % / / ?
g = mrEEmmeEm
= i 7 7 7 7 7 7 7
= f 7 7 7 7 7 ) /
= 1 ./ % . o / /
> z U7 I o 4 4 o &
T 2 % i % ! % / L] / [ % [} % /
= 20 . % " n % %
a ] 8 N . n % %
- ] 8 & B B B B B
& % B & E& R B
E | & & F R B R R
.. F F kB B §F ¢ § ¢
S 10 - Rk 1 N % . % %
1 B B B / % % /
< < a» A& W A= NN Q>
$°‘\’6 \5‘\\,\8 %‘§h C%Q)\ C%Q)\ GXQ)\ G\g\ ‘)XG«)
A
o\
Groups &

gﬂﬁ 412 Waved CSE, GIE 1iio1#1Ronn wionaufuapsed LDL-cholesterol Tudeaveeny lud;
Non-HFD = Normal group; Untreated-HFD = High-Fat Diet group; CSE (150) = C. sinensis extract 150
mg/kg BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract
150 mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day 1a& CSE (75) + GIE (75) = C.
sinensis extract 75 mg/kg BW/day Wel N G. inodorum extract 75 mg/kg BW/day ANULANADE 19T
foddysznianeuuasidamsnaaeuluuaazngugnulieudioulasls paired Student t-test 7
™ p <001 mﬁmiwﬁmmuﬂﬂdnizﬁdNﬂ’cjmi’u T¥nisnaaeuuy ANCOVA tagld Tukey
HSD lumsnageuszduanuuandsesuiied vy luusasngdulas dsnusiiuanmetunan

ANUUANANOINUTITIAYNNADA p < 0.05.
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BN Pre-treated level

140 -
. B Post-treated level
S i ANCOVA adjusted post-treated level
B 120
= |
é 1 - ** b
2 100
> |
z ] :
S 80 -
> |
2 ]
_g 60 —
S |
E i
m
£ i
L ]
S 20 1
wn |
0 -

v QY O‘Q\ \5%\ ,@Q\
$oﬁ\’\x \y\‘xx Q,\?‘\ Cg&\ Cg‘&\

Groups
31]"7; 413 Waved CSE, GIE 1iial#1au2n wionauiudosedy HDL-cholesterol Tuideaveany lud;
Non-HFD = Normal group; Untreated-HFD = High-Fat Diet group; CSE (150) = C. sinensis extract 150
mg/kg BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract
150 mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day a2 CSE (75) + GIE (75) = C.
sinensis extract 75 mg/kg BW/day Wel WU G. inodorum extract 75 mg/kg BW/day AMULANA19DE1IY

v o

WedAyszrInneunaznasminaaeulunaazngugniliouiionTasld paired Student t-test f

a 4 1 1 U g’/
" p < 0.01 MIAATILHANUUANANTEHINNAUUY 1FMInadeuIUD ANCOVA tagld Tukey

v o

HSD TumsnaaeuszauauuanaNedltsd Ay luuaazngylag AI0nBINUANANAULAA

v

ANULANANBENITIAIAYNIIETDA p < 0.05.
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v

423 Wawed CSE, GIE 1fg1q taznauiuaemsusloneims inwind sazihmiinvessdezi

Ay
INYIVDI

@

4 1 =Y %‘ o
31N 4.14 uaaInaved CSE, GIE 819 uaswaunuaolSinmemis (a) uazimingan

)

A dal U Y d' 1 (% 1 d' = 1 d‘

minyuveanylungulnemsnuanaesny (b)) #amsnaasInusuae1snys lnaluynngui
Vv

1850 HFD 914185 ua13nad0Y (untreated-HFD) 1az I85DeSNATOD (treated-HFD) anadog1all

o d‘ =1 [ 1 d' Yo a [ (] 1 [ =1
Had t:gmamammqm"lmummsﬂﬂ@ (non-HFD) (p < 0.05) u@ lnuauLang 190819l

diAyszrengu HED nldSuasnadeunnngu (p > 0.05; 31 4.142) wavesomsuazalsh

@e

9
o

Yo 1 v @ 9 ~ o 1 a o o Bol YR A 1A
lasuaorhminga lduaaslugli 4.14b wasnngeine s 12 dlaviihmindundevesngui
Yo 1 " Yo = U VoA nm Yo
185y HFD ualilAsua1snadoy (untreated-HFD) Teganingui 111450 HFD (non-HFD) uaz
nQu CSE (300) od1iiiod 1A (p < 0.05) azganangui 145y HFD wazaisnadounnnguiiae
o 1 1 [+%) (] Q d' d‘ % g % Q.
navuaeg W lutiiednny (p > 0.05; 31N 4.14b ) Waves CSE, GIE 10g79) uaznaunueivine oz
[ v J 1 1 1
duinsvesnyuaas13lua15190 4.3 Wu1ngu non-HFD, simvastatin, CSE (150), 1ag a15Way CSE
E ] -7 o % 4 Q
(75) fU GIE (75) ud@@ai1miinued epididymis adipose tissue anasodeliisdnalonSouiouny
1 2’/ %’ v o v d @ o 1
QU untreated-HFD (p < 0.05) uonanuuuaniminduinsvesdy, wale, la, Uoa uazihw vesngu

il
9 v A

untreated-HFD, simvastatin, CSE, GIE, waz@1sWay CSE nu GIE liuanannuedialivsdnnie

= (% 1 [Y] Ld' = 9 9 1 &' zﬂl %] Y 9 %

MyununNqu non-HFD (p > 0.05) ﬂTW‘U@Q@'JEJ’J%ﬂT(’JGlHWLﬂfJ’J"U@Q Ulﬂllﬂ Luﬂlﬂ@hlﬁllﬂufl]WﬂWU"lﬂ@\i, A,

o 9 k4 A 1 AW A A = @ @ = o

wila, o, deanazdwvesnylduaaslugill 4.15 ponguiianvazina@ilomeunveivizifednu
1 <3 1 1

910NN non-HFD 910N IWILLHUI YUIAUBN epididymis adipose tissue 1uﬂgu untreated-HFD Juu1a

[] 1 oA A = 9 dy Y [ A
ﬂlﬁifgﬂ’ﬂnﬂﬂ NANNLYao %Qﬂlﬂyﬁuﬁ@ﬂﬂﬁfNﬂ‘LIN’diu@ﬂiN‘ﬂ 4.3
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a 55 4
@ neaHID
~ @ Untrested-HFD
5.0 - ¥ Slhmastatin (20)
. & CSE(1%0)
—l— CSE (Joo)
; 45 - @ GIE (150)
§ ™ a ©  GIE (300)
ﬁ O  CSE(5) + GIE(75)
2 40 -
s
=2
E
.S
ll=- 3 h
30 4 i
zal‘ ] 12 L] L 1 L 1
Week | Week A Week 6 Week 9 Week 12
b non-HFD
70 - Untreated-HFD
Simvastatin (20)
CSE (150)
CSE (M)
- GIE (150)
60 - GIE (300)
CSE(75) + GIE (75)
—
oL
-
= S0
.%‘ s
2 :
-5 "
= 40 A =
=
30 A
20 T L4 2 L2 L4

Initial Week 3 Week 6 Week 9 Week 12

3N 414 Bunwesuazihming (a); Snaems (b); Wvindgs —e— non-HFD; —@—
Untreated-HFD; —V— Simvastatin 20 mg/kg BW/day; A C. sinensis extract 150 mg/kg BW/day;
—8— C. sinensis extract 300 mg/kg BW/day; —— G. inodorum extract 150 mg/kg BW/day; <~ G.

inodorum extract 300 mg/kg BW/day; < CSE 75 mg/kg BW Wad GIE 75 mg/kg BW ﬂi’agauﬁ autly
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1 A a v o ~ 1 @ d A o A 1 @ =
AuRAYaUAMA (Mean £ SEM) (n = 7) maﬂmmgcluﬁﬂmmﬂmﬂuﬂmemﬂmmmmmm
o o A

1 ] @ a o
Lmﬂ@NE)EJNﬁufJﬁ'lﬂﬂJﬂJ’E]')mi'l%WIﬂﬂﬂ’)'lﬂJLL‘lJTlJﬁ'JuVINLaEJ’J (One-way ANOVA) Hagnagaundy

LANAIAIY Tukey's HSD (p < 0.05)

Epididymis Liver Kidney Lung Heart Spleen

non-HFD

IO

(R

[

I T

—
| —
=

§" | | = M NI 1=
*" ad f .
GIE (150) pRp— &
it i M Hipisigingngm l”“""u“u]'w
Combination
CSE (75) + GIE (75)

[

MG B

t!' v A A Y AY Yo A o . .
51]1’] 4.15 ﬂW‘IGUENf]’JEJ’JZﬂWUiuﬂLﬂﬂﬂﬂl@ﬂﬂl@ﬂﬂuﬂl’lﬂiﬂ CSE, GIE 19879 UagWaunNU Simvastatin 20

U k)

mg/kg BW/day; CSE (150) = C. sinensis extract 150 mg/kg BW/day; CSE (300) = C. sinensis extract 300

mg/kg BW/day; GIE (150) = G. inodorum extract 150 mg/kg BW/day; GIE (300) = G. inodorum extract
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300 mg/kg BW/day; Combination CSE (75) + GIE (75) = eINaNUDY C. sinensis extract 75 mg/kg

BW/day AU G. inodorum extract 75 mg/kg BW/day

o o

! Y
M519h 4.3 Nniinedoizdunng

3 4 o o ¥ v W
UIRUNDIICHAUWUT (NTN/100 DTN UINUNAD)

Epididymis AU Wl o Yon Y

non-HFD 3.41+0.52° 4.18 +0.08" 042+0.07° 1.72+0.02" 0.65+0.07° 037+0.06"

5.37 +0.33" 4.15+0.12° 0.45+0.06"  1.43+0.13" 046+0.03" 0.45+0.01"

SIM (20) 3.66+0.41" 4.16+0.10" 049 +0.06° 1.54+0.19° 0.60+0.04" 043+0.17"

CSE (150) 3.56 +0.58" 3.60 +£0.75" 0.42+0.03" 134+0.16° 043+0.06°  0.49+0.14"

CSE (300) 4.03 +0.28" 3.63+0.14" 0.50 + 0.04" 1.72+0.19°  0.63+0.17° 040+0.17"

GIE (150) 423 +0.48" 3.72+0.20° 0.51+0.11° 1.48+035"  0.51+0.08 0.44+0.03"

GIE (300) 3.86 +1.06" 3.67+£0.26" 0.49 = 0.08" 1.43+0.16°  059+0.15° 0.53+0.07"

Combination  3.61 +0.25" 3.56 +0.30° 0.42 +0.03" 1.42+0.16° 0.56+0.05° 0.34+0.02"

9 I 1 4 a o 1
maymmmgﬂu ANNAVAVADIA (Mean £ SEM) (n = 7) ANUHKNUIA8D non-HFD = Normal control;

HFD = Untreated-HFD; SIM (20) = Simvastatin 20 mg/kg BW/day; CSE (150) = C. sinensis extract 150
mg/kg BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract
150 mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day; Combination = ®1IWTNUDI

CSE 75 mg/kg BW/day f11) GIE 75 mg/kg BW/day. ionyinedlueioiz@einuiuana 9nundang

9 w A

1 v A o a o
ANULANA NI NNNIF A AT 1ZH lagaunlsdsiumamen (One-way ANOVA) Liagnagol

9

ANULANANAIY Tukey's HSD (p < 0.05)

d (Y]
4.2.4 NAADSMIF AN UT T

W399 NM9F AN U5 UV non-HFD, untreated-HFD tiag HFD-treated with CSE, GIE

=

A979 1WI0ATHEN CSE N GIE wunszauasoniulud@suuengy non-HFD LA1dna1e819%

v
% ) =

@ A A @ ' 1 I 1 Yo y AY Yo
U AYNDNIUNUNQN untreated-HFD (p < 0.05) ’E')EJ'Nhlﬁﬂﬁ']llﬂ'Qll‘V] A3U HFD m‘rm@‘n"lm‘umi
) v = aa S o ' ! \ A =2 dy '
ﬂﬂﬁaumzﬂummﬂuuiumnqnLmﬂmdmﬂﬂqm non-HFD (p > 0.05; Eﬂ‘ﬂ 4.16) HaMIANHIULAAIIN
{ o ] < a 1 g o
CSE, GIE 19879 #39a135Way CSE 11 GIE hinaasanuilufivae la wennniiuudisedd alanine
transaminase (ALT) 1uI1f0 11a252AY alkaline phosphatase (ALP) Tuiden GluﬂijiJ untreated-HFD 11

Y] [

] H 9
ganegnitsddyieieunungunon-HED (p < 0.05; U7 4.17 uag 4.18) UeNNNUITAY ALT

)
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YDINGY untreated-HFD ganmnnguilldsu HFD uag drsnadevedniiviodinny (p < 0.05) oniu
Ay Yo . . A Y < 1
nau ATy simvastatin ¥30 GIE (300) 91nWaU03 ALT udaaldiviuan CSE (150), GIE (150) wag CSE
(75) uaz GIE (75) lunaasanuiuiyaody
m3iudiaiaea (Complete Blood Count; CBC) iilumsiimesmsitanefiuniviaieanniiga

Tumsgamuaatinuazimsimagditulszsuiedssiuguamuesdihe  Tavm llmsnaaeu

]
[ =

Yy A o @ J o a A A o 3 A o

CBC ﬂzalwueag,ammﬂmummwmaawaﬂmmuﬂimaeﬂﬂamiummmammq (RBC count), NMIUY

< <} '

Lﬂﬂla@ﬂﬂﬂ'} (WBC count) uazmamﬁaﬂ (Platelets) WaNITNAADINUIN STERTRLY RBC, WBC, lag
1 1 = 1 1 A v o w (% 1 dl Yo 3/ ] Yo

Platelets ungu non-HFD wu lifinnuuanaisedisliviodrdynunguilasu HFD nelulasuans
Yo g’/ A 1 dy'

ﬂﬂﬁ@’ﬂllﬁ$ulﬂiﬂﬁ?iﬂﬂﬁ@ﬂ‘ﬂ\‘]ﬁuﬂ (» > 0.05) (3‘]J°Vl 4.19, 4.20 1ag 4.21) HaN1INAaDIUIYIN CSE,

v v
GIE viapeazmay 1y 19 cBC Anna

R Pre-treated level
2.5 B Post-treated level

0 ANCOVA adjusted post-treated level

—
z 20
o
=
S
2
[,
» 15
-
v
o
.E
= L0
o
T
o
e
£ 05
o 0.2
w

0.0

Y O a )
P P\
= .‘\““"‘\\ o S

Groups
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gﬂ‘ﬁ 4.16 Wav®3 CSE, GIE, L?ian HAZHENNUADTZAL creatinine 1UF5N; Non-HFD = Normal group;
Untreated-HFD = High-Fat Diet group ﬁulijulﬁ?uﬁﬁ ; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day a2 CSE (75) + GIE (75) = @13
WA N C. sinensis extract 75 mg/kg BW/day AU G. inodorum extract 75 mg/kg BW/day A0NYI ﬁlmﬂﬁhﬁ
AuLaastInNUIANAee eI TBTAYIYHININgUIINMTAATIZH Ias ANCOVA Tasnaaeauany

LANAAIY Tukey’s HSD post hoc test i p<0.05.

E=3 Pre-treated level

80 ~

EE Post-treated level

E ANCOVA adjusted post-treated level
—
—
=)
< 60 - .
I
e -
2 STab L ab
Y §| = b g2 b
< - = = L =
£ 40- | B BEE - B-E
AN e R
= =] = = = = = = =
™ = = = = —_— p—t -— —_—
- = Pt =t —_— -— —_ - s
2 " EEREEREE
o1 S Ml M N N W W -
= = = = = = = = =
= " EEEREERERELRE

- — = - = = - = -
.\“.0 6.\\\‘\ .s\&“\ _Q}\\"&\ ,QQQQ\ < \\"&\ X \3“\\ .\Q.(‘-\
\\o‘\ iﬁ\c - '\‘\\‘. A C" c', A’ ’ C‘\‘ x )
\(\\‘\' ° A9)
\¥ o\
(o
Groups

gﬂﬁ 4.17 Waved CSE, GIE, L?im HaTNANNUABTEAL ALT 1u®5u; Non-HFD = Normal group;
Untreated-HFD = High-Fat Diet group ﬁ%ﬂﬁ?uﬁ”ﬁ; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day a2 CSE (75) + GIE (75) = 2113

Wl C. sinensis extract 75 mg/kg BW/day AU G. inodorum extract 75 mg/kg BW/day AONHINUANA
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9 v

AULAAIDIAMULANANDEI N TITId1AYT 119N UINNTIATIZY Iag ANCOVA  Tagnaaounaty

o

LANAINAIY Tukey’s HSD post hoc test 11 p < 0.05.

224 Pre-treated level
100 - I Post-treated level

E== ANCOVA adjusted post-treated level
—
- a
- 80
S ab
@ ab
)
2 e N - 7
7 S /B U 7
Q601 Zl //l Z = é ; I I = Z
&< 7 = 7 7 - . 7
: %z 7 7 7 7
= % % % 7 % / / %
o 7 2 x ‘B ? % 7
2 / / xE | 2 / ~ %
e 41 x | 7 / 7 7 7 /
7 7 7 Z 7 7 7 7
= 7 7 7 7 7 7 7 7
7 7 7 7 7 7 7 7
= 7 7 7 7 - 7 7 7
7 7 7 7 7 7 7 /
W x | X K 7 7 7
7 = 7 7 7 7 7
= 7 7 7 7 7 7 7 7
o 7 Ve 7 7 7 % 7
= 7 7 = 7 7 7 7 7
s 201 [ % % % % % %
K. / ; x | / % % /
= ‘R B A B B
= r | 7 | '- 7 % % %
7 7 = / 7 7 7 7
7 7 7 7 7 7 7
7 7 7 7 7 7 7
0 D \ 2
.\\‘\ .\\\\ . ‘5\9\\(\ ‘\QQ\ ¢ \\‘»\ < \3\\° .\\',0)
oo ‘\',*\e %\‘(\s‘) C‘\ , AV LG
o , Ao
(o

Groups

gﬂ‘ﬁ 4.18 Wav®d CSE, GIE, !,?:IEJ’JG] HAZNAUNUADTZAL ALP 1u@5%; Non-HFD = Normal group;
Untreated-HFD = High-Fat Diet group “ﬁllijll@aﬁﬂﬁﬁ ; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day a2 CSE (75) + GIE (75) = @13
W N C. sinensis extract 75 mg/kg BW/day AU G. inodorum extract 75 mg/kg BW/day AI0NYI ﬁl!@lﬂ@hx‘]

@ 1 ] @ J a L4
ﬂuuﬁﬂﬂﬁx‘lﬂ’ﬂMLLﬁﬂﬁN’E]EJNfIHEJﬁWﬂﬂJUiEﬁﬁ’JNﬂi}iJmﬂﬂﬁ’JLﬂiWﬁIﬂﬂ ANCOVA lagnageauniy

LANA9AIY Tukey’s HSD post hoc test N1 p < 0.05.
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14000 -~ HEEE Pre-treated level

3 Post-treated level
B ANCOVA adjusted post-treated level
12000
a
10000 -
— a
-
:
= 8000
o
=)
O 6000 -
«
=
4000
2000 A
0 -
o
o &\\\c\ o™ P WO
T OO o ot Lo
-
.\\\( \'\“\
N <
Groups

1]‘?; 4.19 Wav93 CSE, GIE, Lﬂfﬂ"] uae Wﬁilﬂu@@'i“’ﬂ‘ll WBC Glulﬁf]ﬂ Non-HFD = Normal group;
Untreated-HFD = High-Fat Diet group ﬁhlnlléjf}’ Ue15; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day tta2 CSE (75) + GIE (75) = 13
Wel C. sinensis extract 75 mg/kg BW/day N G. inodorum extract 75 mg/kg BW/day ﬁiﬁﬂyiﬁ!,!,ﬂﬂﬁhﬁ

o w

[ 1 ] =K J 1 a o
ﬂuu’ﬁ@ﬁﬁﬂﬂ’ﬂiﬂ,mﬂﬁN’EJEJNiJUEJﬁWﬂQIiZW'JNﬂq&liﬂﬂﬂ'li’)mi'lgﬂiﬂﬂ ANCOVA Iﬂt’l‘ﬂﬂﬁflﬂﬂ’ﬂﬂ

o

LANA9AIY Tukey’s HSD post hoc test N1 p < 0.05.
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J

12
B Pre-treated level

[ Post-treated level
B ANCOVA adjusted post-treated level

®©
1

RBC (xl()‘ Ccll/mm’)
- )

z —
0 -
o O W .(5%‘“ \\*\‘ oW G
N C A @" & ¢
.‘\\( > O-_\\
Groups &

gﬂ‘ﬁ 420 HAYBY CSE, GIE, 1A879 lazrauiunesedy RBC luiden; Non-HFD = Normal group:
Untreated-HFD = High-Fat Diet group ‘ﬁllijul@sﬁﬂﬁﬁ ; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day ita2 CSE (75) + GIE (75) = @13
W W C. sinensis extract 75 mg/kg BW/day AU G. inodorum extract 75 mg/kg BW/day A0NYI ‘ﬁgmmsiw

[ 1 ] =\ 4 1 a o
ﬂuu’ﬁ@ﬁﬁﬂﬂ’ﬂiﬂ,mﬂ@l'l\?’f]fl'l\?ﬂuflﬁ'lﬂﬂluizvrﬂﬁﬂ@ﬂiﬂﬂﬂ'li’)mi'l%ﬂiﬂﬂ ANCOVA Iﬂﬂﬂﬂﬁ’ﬁ]ﬂﬂ’)'ﬁ\l

LANA9AY Tukey’s HSD post hoc test N1 p < 0.03.
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Se+5

B Pre-treated level

[ Post-treated level

I ANCOVA adjusted post-treated level
de+5

le+S

0
-0 Q o\
\\\\ \\\\ ) \\‘.&\ Y \,5“\\\ X \\s:\\\ . \.5\\\\\ . 0 )
2 A <% <& R\ AV AV
o A (o) () ) o AL
R\ ' 42
O A
Groups 2

g‘l.lﬁ 4.21 Wavud39 CSE, GIE, L?:IEJ’JG] HAZHAUNUADIZAL Platelet Glu!,a’é)@; Non-HFD = Normal group;
Untreated-HFD = High-Fat Diet group ‘ﬁllijul@ﬁ’ﬂﬁﬁ ; CSE (150) = C. sinensis extract 150 mg/kg
BW/day; CSE (300) = C. sinensis extract 300 mg/kg BW/day; GIE (150) = G. inodorum extract 150
mg/kg BW/day; GIE (300) = G. inodorum extract 300 mg/kg BW/day a2 CSE (75) + GIE (75) = @13
W N C. sinensis extract 75 mg/kg BW/day AU G. inodorum extract 75 mg/kg BW/day A0NYI ﬁlmﬂﬁhﬂ

[} 1 ] 1 a g
ﬂuuﬁﬂﬂﬁ\‘lﬂ’ﬂiﬂ,mﬂ@l'l\?’f]il'l\?ﬁuﬂﬁ'lﬂmuigﬂ’l'lﬁﬂ@lliﬂﬂﬂ'li’)mi'ﬁﬁiﬂﬂ ANCOVA Iﬂﬂﬂﬂﬁﬁ]ﬂﬂ’)'ﬁ\l

LANA9AIY Tukey’s HSD post hoc test N p < 0.03.

4.2.5 apBzMIganNBInevouieEe lusiu fiu nazle
WD CSE, GIE 10879 HagHaunuyed CSE nU GIE aema/asumlaaimsdagiuineves
4 4 @ ¥ 4 @ 4
iowed lauaziiioweluiu (epididymal adipose tissues) gnasdaaonInsldndosganssminiga

Y] ]

MEINIA HANIATIAUNUN AUV TASY HED ua lu'lasuasnaao (untreated HFD) 1@
Y I = . ds! = . A o A =} o VoA Yo

T cytoplasmic vacuoles VEPVULALY steatosis FI (QNATAAT) mam&mmmnﬂmn HFD

uaz 1d5Uas simvastatin, CSE, GIE 10879 uagHaunuved CSE 1 GIE (319 4.22-4.25) wams

a1 deUNe 5 IN1ve lanun lavesnyn 1850 HFD ualildSuarsnaaeu (untreated HFD) e



55

< 1 - . - N { o 4
I¥iviuandl mild mesangial cells 1ag glomerulus capillaries nasuulasszauihunais ieriiou
Aunguilasu HFD uaz 1A5Ua13 simvastatin, CSE, GIE 10879 1agnaunuved CSE nu GIE Anum

[ 1 a { :&’ 4 o { <3 1
Taseadedanang (U 4.26-429) msasnaeuiiede luiundondis H & E uaaaliiiumn

YIAUDI adipocyte Tunyh 1850 HFD uali'lasua1snadoy (untreated HFD) Hvuialuaginiingu

v
1 =

non-HFD uaznguilasu HED wagldsuasnnngn (p < 0.05; U7 4.30-4.32) deldniniu ngu

q

v 9 ]
non-HFD taznguildsu HFD uagldsuaisynngu Ismau adipocytes aoiunfidesguu Slide

% [

sddey (p < 0.05; juil

9

1 1 d’ Yo J " Yo ] =)
wnnngulasy HFD ua bildSudisnaaey (untreated HFD) 08143)

4.32)

' Y ] v
gﬂﬁ 4.22 mwu,ﬁmigammmmﬁmﬁaﬁuwgmam; (a-b) non-HFD (¥yNnueM1sna) uaz (c-d)
H Y H 2 H
untreated-HFD (WyiNU®1%13 High-fat-diet). gneisduas® 11U central vein naggnasded 1 lipids
droplet. NN a, ¢ AAIVYIY 100 X (Scale bars = 100 pm) LAz NN b, d NMAIVEY 400 X (Scale bars =

30 um).
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M k4 i1
51N 4.23 mmuaasgameImaiieded Uy NAaeY; (a-b) HFD wag1d5y simvastatin 118 (c-d) HFD
4 1 Y H
uaz lasua1sway CSE + GIE. gnastuas® 11 central vein tazgnasad® 11U lipids droplet. 7 a,

¢ MAIVYIY 100 X (Scale bars = 100 um) Uag NN b, d NA9VYIY 400 X (Scale bars = 30 um).
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H =) &I 4 U 3 d‘
51U 4.24 MaasgameImaiiededunynaaey; (a-b) HED uaz 1851 CSE 91 150 mg/kg BW/day
uaz (c-d) HFD wag 1850 CSE 0 300 mg/kg BW/day. gnesduas®s 11/i central vein tazgnasaad 1un
lipids droplet. NN a, ¢ AAIVEIY 100 X (Scale bars = 100 pm) LA AN b, d MAIVEIY 400 X (Scale

bars = 30 um).
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51U 4.25 nmuaasganieInaiiowoAUYNAARY; (a-b) HED uaz 151 GIE 71 150 mg/kg BW/day
1az (c-d) HFD taz 1851 GIE 11 300 mg/kg BW/day. gnas duaad® 117 central vein wazgnasadid 11
lipids droplet. NN a, ¢ AAIVEIY 100 X (Scale bars = 100 pm) LA AN b, d MAIVEIY 400 X (Scale

bars = 30 um).



v A &l v
51 4.26 nmuaasganmiesInaiiione laiynaasauaasinseade glomerulus; (a-b) non-HFD (1Y
NueM13ng) 1ag (c-d) untreated-HFD (WUYNAUDIMIT High-fat-diet). NN a, ¢ MEIVY 100 X

(Scale bars = 100 um) 4ag NN b, d ANAIVYIY 400 X (Scale bars = 30 um).
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51U 4

ol A 4 y
27 mmuaasgameiniaiions laviynaasauaaslasaaiia glomerulus; (a-b) HED uaz 1851
simvastatin 182 (c-d) HED tag 1d5Ua15wan CSE + GIE. AW a, ¢ A1aaves 100 X (Scale bars = 100

um) 1ag AW b, d MAIVYIY 400 X (Scale bars = 30 pm).

o o
)O\n - B 2\9\\
18g1nAlulad e
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. N v
31N 4.28 ﬂ1WLLﬁﬂﬂﬂaﬂ1ﬂﬂﬂ1ﬂluﬂL§ﬂ"lﬁﬂ}‘mﬂﬁﬂﬂuﬁﬂﬂﬂﬂﬁ%}%‘l glomerulus; (a-b) HFD uag 1851

CSE 1 150 mg/kg BW/day 11a¢ (c-d) HFD t1ag 145U CSE 71 300 mg/kg BW/day. A0 a, ¢ fa3vene

100 X (Scale bars = 100 pm) L8 A1NW b, d ALY 400 X (Scale bars = 30 um).
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; o X 4 .
51l 4.29 nmuassganeiniaiiode laviynaaswdaslasaadie glomerulus; (a-b) HFD nag 1@3y

' Q

GIE 1 150 mg/kg BW/day 1182 (c-d) HFD tiag a5 GIE 91 300 mg/kg BW/day. W a, ¢ Madve1e 100

X (Scale bars = 100 pm) L8 NN b, d 1A9v818 400 X (Scale bars = 30 um).

c ]
%, ~ &‘”
On . 2 3‘5
Y1aginafulaves
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H a &‘ 4 T A [ [
5N 430 mwuaasganeInaiioie epididy adipose MyNAADINEHAINS 145U CSE, GIE

A8 wazHeuiuved CSE taz GIE 118500 w131nd (non-HFD) wazny i I&suemsid luiuga
(HFD); (a) non-HFD; (b) High-fat-diet; (¢) Simvastatin 20 mg/kg BW/day; (d) CSE (150); (e) CSE (300);
(f) GIE (150); (g) GIE (300); (h) #3WaNv03 CSE (75) N1 GIE (75) MNALEAIFISIUENE 100 X (Scale
bars = 100 um) c 7@
6’25 B >
NenFoinaluladd?



64

400 -

300 -

200

100 -

Number of adipocytes per field

2

31]‘?; 4.31 n3wluagasnaves CSE, GIE 1079 uazasHauves CSE 11 GIE ApS1MIUv84 adipocytes;
Non-HFD = Normal group; Untreated-HFD = High-Fat Diet group; CSE (150) = CSE ﬁ 150 mg/kg
BW/day; CSE (300) = CSE ﬁ 300 mg/kg BW/day; GIE (150) = GIE ﬁ 150 mg/kg BW/day; GIE (300) =
GIE fi 300 mg/kg BW/day 1182 CSE (75) + GIE (75) = CSE i 75 mg/kg BW/day 110 GIE # 75 mg/kg
BW/day Toyafiuaauiusundoauadia (Mean + SEM) #38n13 fiunnd19fuuaainnuuana 9o
tivddneana laol¥nsianzianuulslsiumaien (ANOVA) taznlfouifisuanuuanaig

Ta® Tukey's HSD  (p <0.05).
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20000 1
a
15000 - T
BRI
~ XXRX
“& 3%
E 10000 - o
g XXX X
< b
b
b ?
5000 -
0 T
o ) Q)
.\‘)‘\ \‘b ’5“ e,

Groups

gﬂ‘ﬁ 432 nsluaasraves CSE, GIE @039 Uazdisnauved CSE U GIE deundeilufives
adipocytes (adipocytes mean area ); Non-HFD = Normal group; Untreated-HFD = High-Fat Diet
group; CSE (150) = CSE “ﬁ 150 mg/kg BW/day; CSE (300) = CSE ﬁ 300 mg/kg BW/day; GIE (150) =
GIE # 150 mg/kg BW/day: GIE (300) = GIE # 300 mg/ke BW/day 1182 CSE (75) + GIE (75) = CSE i
75 mg/kg BW/day 71 GIE 71 75 mg/kg BW/day 6191’0yaﬁuﬁmlﬂummﬁlmamﬂﬁm (Mean + SEM)
FisnusiiuanaesuiaanImiansteseiitodiamaadalasldmsSnnziaimdsdsmma

1087 (ANOVA) tazifFeuineuanuuana1e 1ag Tukey's HSD (p <0.05).
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anlye vazagiwamsnaaes

5.1 aAseHanInaaes
o A a : 3 @ 1 3
Tsadaunmedemsazan luiufunnmulUgerndusuasieasgunmn Wudlgym
d' d‘ d' 9 [ 1 1 Ly A a d‘
gquamguusaiennnertesnuTsaaeg  wuazluinludeags  Tsamnunuriah

v a A v = @ A Yy A =
a9 anuauTadiage tazlsavaoameanaledy nnzluiuludeages Tdun Tlasndme
AY o

J A A a & a /A 2
Vlﬁﬂ ABLATLINDIOA Llag LDL-cholesterol Glmaﬁlm;mﬂmmﬂﬂ@ Vlﬂﬁ’lllW’li’lﬂJ!G]f]ﬁ'lMﬂu%iﬂuﬂ

U

13 v Ao w A ~ 1 a ) A =
Nniluthdsndag lumsmuanudenemsanalsaiila Tsavasamenay waz lsavasa

'
g @ A

A @ v & @ . < A 2 a Y
ey AYHUNITaATZATVDY triglycerides taznemamesoa luaeaduiutevedinan

9

o o a Y
awsoin 119 umsdessunseszaomunaniizvasadeauauaz 15A87  (Hu et al.,

[

o A A Yy a o 9 A = A <
2014) ﬁ%%uumﬁmmﬂmamﬂﬂmunuwgmazwaeﬁjmﬂﬂmmmﬂuaumwmawmwu

Q

1]
A v A

o o a o J Aa o I 2 o
Tagiiu  Anennveswdaaduyiansssunalumssn lsndrudailuasiinideaulauag
I A AA o o o A a a o Y
pilumadsniadmsumsnanentlszansmnlumsileanulsadiulusuinn
Y
v a a d
(Buettner et al., 2007; Mayer et al., 2009) esiaingnuaidnnadulusssunaiuvateas
HeuiUeg  MITINnuUeIEIINgnEnioa el sz annmnidinn ldedeliiedin
< 1 @ <3|
%1 (Cordyceps sinensis) HAZHNFEIA (Gymnema inodorum) Wuesuazeumy lusa
Tuemen ldsuanuauleedianinluga lundNmIumn (Ananthan et al., 2003; Kim et al.,
1 < o (= ~ =< ~ @ @
2012) o8 lsnauds luiaulanmsanenednuravesansana Cordyceps sinensis (CSE)
[ 1 a o
WAasETaNAN Gymnema inodorum (GIE) 909N131NA adipogenesis Tuiraa 3T3-L1 adipocytes
@ 3’/ @ A 4 [ g}/ a o AQSI dyd YR =3
nazmsduging liulwaeagelunylug  duiuauItesuilivelddnyidawaves  CSE,
4 { % 1 4
GIE 1o 1419879 uaznauiuAenIzUIUMST adipogenesis 1L¥ad 3T3-L1 adipocytes LAZA5

9
CYACY

dudanng luiuludeagaluny lug
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Y (Y] d
5.1.1 M3ANKINAYEY CSE, GIE 11829 HazNaunuaonIzuIumM3 adipogenesis Tuaaa
3T3-L1 adipocytes
= Y 2 1 A o o o Y
namsAnyaas ¥ uFAIUI1 CSE, GIE 10879 Lagnadunuvod CSE nU GIE /1vms
azanlviiuasasediiiodiny  Wofeuiungu  Differentiated 3T3-L1  ua lai'lasnens
' v 9
NAADY (untreated Differentiated 3T3-L1) vinandudamsazan lviiuilluneliing cytotoxic
Y Y 1
uaegala  F1wUABUNINHNUI  cordycepin  Sudamsazan lusiuuazmsimileni
. . Aa X ' d . 5 . £
adipogenic MAATUTEHININTTUIUMTIUROULLAI91A pre-adipocytes 11iTu adipocytes §NT
Y
AUMIINA  adipogenic  HAMNTDEOUNALUAZAIVANAIVUEY  adenosine e 1 1F@aTL
3 [
adenosine A, A, 3o A, (Takahashi et al., 2012). Guo et al uaaeliifiuIwaves cordycepin
= & U = zij . . 1 4 . Y
FuTua I3 NOUNNTINNUDIFOI C. sinensis ADI¥AA HepG2 1AY cordycepin NIZAU
Y 4 v
AMPK  taziufuna1ninnuduwusiumsnizqu ACC nagmidudaimsdunsizs liu
Y ] v
(Guo et al., 2010) H518UADUHINUNLNETANANN TV G. syhastre IloNATOUAUNYN
I 1 o Y @ = L A ] A v o W
Aumnunuiinliszaunemaaosoauas lasnawe l5a ludoaryanasedaiiiedinn
(Mall et al., 2009).
Q'{ a ~ @ 4
gNFAIUMNSIAA adipogenic Y04 CSE, GIE (A819 Lazesnauved CSE 1 GIE luiyad
. Yo A W Aa J Y a 4 3 aaA
3T3-L1 adipocytes 1931UM38UeUIABNSIATILHAIY FTIR M33ATIZH IAg FTIR Hu3h
3 A o T A A '
s lumsasmmanlasunlasvesda luenaludree19n19329Me18199 (Dunkhunthod
Y 9
etal., 2017; Gasparri and Muzio, 2003; Lamberti et al., 2010) Tua1u33ewuil 1814 FTIR ¥elu
a 4 o
mnmmzw%’m&amﬂﬂmmm 3T3-L1 preadipocytes, untreated-treated 3T3-L1 adipocytes,
1 4
simvastatin, CSE (10), GIE (500) #az@13We¥u CSE (10) ttae GIE (500) HAMSANEINUIYAE
§ g’/ 1T A o v o = [
3T3-L1 adipocytes #lFnadouns 6 nauilanudunusnumslasunlasaulnaiuves
o A U a a aa 1
oyviusndosludiuves  lipid region, UsmAIANUIAGON, HaznguURd Ina lanuLag
s A 2 v o & A @
msilulawsadug  wenvintanuuvesdynuuaziunveslnalanuuazmilulamsa
d’ . d‘ Yo A
B VD3 adipocytes 3T3-L1 n1a51 CSE (10), GIE (500) vis9a15Weu CSE (10) tiae GIE
9
(500) 1A1Te8nI untreated adipocytes 3T3-L1 ’E)EJNflufJﬁ‘miy (p < 0.05) AIUUNTAAIVDY
14 d‘ 1 1 4 v Y
lTnalanuuazmilylemsadug  envdwanemsazaums lulamsauas lviiuluaudiu
9
(Shepherd et al., 1993; Wylie-Rosett et al., 2004) HBNINHEATI@IUMIIAG LY Iauuas
v 1 dyd = 1 1 ) =< dy Y3 @ 1
CH,/CH, 63Us¥Damstiuosnaale acyl voeluin wamsanuiiiuaasliiiiusanui CSE
A [ o d A v o w A =} [
(10), GIE (500) @829 uazwaunuaamsazay lviulusadediivednaiioeuny

. 4 9y o Y J 9 A =
untreated 3T3 adipocytes LLEI&?J’(ﬂ%ﬁTiNﬁllﬁ]8aﬂllﬂlﬂullﬂNTﬂﬂ’Nﬂ1§iﬂfﬁﬁmfJ’J"]’(’)fJNlI
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v o w é zﬂy 9 [ 9 =S . t:' ] t:yd 3 tdy
Hod 1Ay FINITNAAINILADANADINUNAYDINITIONT Oil Red O NUNFDIANTADIAIUUTAA
'd Y v
MSIESNONENU (Synergism) UDNIINUUUAINGUNAADIN [T UAITNATOUNANGUUAAINT
anasvesmsazau luiueaiidedanilofeunungy untreated-3T3-L1 adipocyte cells (p <
] 9
0.05) o3 ldnamiuramsanasves luiudinandiaeandesnumianatedaliiod iy
' ] '
CH,/amide I Tunquin Idsuasnaaeunavua iereunungu untreated 3T3 adipocytes
1 [ 1 a 4 4 1 [
Tugauvesmstanuianymsimsizd  PCA  awnsnldmenenueznquuesailna sy
o 1 J v ] 49! (K A v A Y]
FTIR 3149 6 NQUVDITadaI90819 3T3-L1 Yuegnumanlasumlasszand Tuana (luin,
A a 4 4 a o
T1l5Au, amide I, n3aianasn, lnalanuuazaislulamsadu) sz lag PCA wuveans

1 v o w (3 1 1 { [ v d

faensrndeuanuuanaedeiied WUDINYNUAIDYIY 6 NQN (ﬁJ‘ﬁ 4.7a) ANUTUNUD
Y a
sEnINa U049 6 ﬂaumaﬂwwwﬂm NANIINTY ﬂﬂmﬂlmﬂau naenALuUY PCA tanald
mmmqmm untreated 3T3-L1 adipocytes 8¢ adipocytes 3T3-L1 w"lm"umi GIE (500) 90
] A 2 a d 2 [
HENBBNINNGN 4 NGUDUS) 1Y PCI FaAaiilu 28% voannuulslsiunavun wasanzuuy
2 a 2 FY 1 o 1

PC2  FeAalu 22% GUE]\1ﬂ’JHJLLﬂﬁ‘]JS’JuVIQWZJ@]l@]LLEJﬂﬂQ3J 10YNVDY  untreated 3T3

adipocytes 29NN 3T3-L1 adipocytes nlasy GIE (500)

3 ) [y [ :’J : o
5.1.2 ﬂ]ﬁﬁﬂ“ﬁﬂﬂﬁﬂlﬁ)d CSE, GIE !ﬁﬂ]‘] NIDHANNU damm‘ummazmmauaz"lmuu‘lu

rdongalumyla

A

A g va 9 ' 2 A a A q9
Hav0d CSE tay GIE Wolmae vieldsmaoszauinaaludealunyilng wold

v
=1

<3| o 1 o o 3 o
Glibenclamide 1iludinruguuIn Nonguilasumsasnagouuaasszauiiinia ludoad
1 1 d’ 1 Yo 1 A o o w d' = [ Yo %
nngui bildsumsnadeuedialivisdngiine 15, 30 naz 60 inasn lAsuasana
1 S'Q 1 ] AN a a
(p < 0.05) TwUnNEUNINUAAMEN C. sinensis Fr8aATEAUIMEANY Induazdugauly
v v [l
wanaguhldszauiaa ludesaaawazmusyiing laadugaugaiannu lveduyau
Y
1 3 1
luviynaaes (Zhang et al, 2006) MIANEINEUNTHUAAIIRIAUI  polysaccharides
1 A v [ I 1 @ { o Aaan
TagM1eeE1989 B-D-glucans BIANANIN C. sinensis 1DuaIulsznounannmygnsenis
g

= = L{ %,‘ A v ] 1 . d' 9 9 j’ d' dy
5]5?]5]1‘1/‘!1@ﬂﬂﬂﬂﬁaﬂu”lﬁ"laiula’ﬂﬂ MDY Y polysaccharides Vlhlﬂi]”lﬂlﬁu‘lﬂl%’f)iﬁflLWREQEN

[
[ % =

v ya £ 3 A ¥ A o

"lﬂllﬁﬂﬁclﬂlﬂuﬂﬂﬂ"li’EJE’Jﬂf]‘VITJﬁﬂ3$ﬂ‘]J‘LJW]1’dGl,ulaﬂﬂblul?j‘ﬂ’JfJL‘]JTW’J”IHVIQﬂLﬂ‘L!?J’JU"IIﬂEJ

. A A d Y A o 1
streptozotocin (type 1 DM) W3aHyMu11MU (type 2 DM) auiduidoadinielugesin

9

aw 1 ' [ < a
(Lo et al., 2006) 9IUIVINOUNTNUNWUI saponin triterpenoid IUENTAAAVINHANAUIOA
o ¥ v Y tﬂy = o ¥y v R ' o + +
3J1iﬂfl‘ﬂfl\1ﬂ1i'ﬁﬂ§l’3"llf]\‘]ﬂﬁ1uluﬂliﬂﬂﬁ11ﬁﬂﬂ@§l’m1ﬂ K #adNaneon1sniaiuvusd Na /K

A & o & Y ' o J + I A ' '
HJ'EJﬁlIQﬂflﬂfl\?llﬁ')ﬂ')'mﬁ']\iﬁﬂﬂ Na ﬂ'lfﬂul%ﬂﬁllﬂ'lilﬂﬂﬂu!lﬂﬂﬁllﬁ5ﬁﬂﬂﬂﬁ’ﬂi%ﬂﬂ
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v Y
Cotransport NUYUAY Na' (Shimizu et al,, 2001) TugiheTsawmnuanyluaugaszruing
o a a o o S ° Y v v ad = 4
srAUNaIaNIBUgaunUszaung Inalidi ldnmsvudevesnsa lviiuiiulasndme lsa
o Y a 2 Aa A A A Y = 4 A A 1
asawi lfinansdianenuuvedlalyTdsAungaudle lasndiwe lsaunazeynmniiaong
. a 1 A o q YA ' K A
(Schmitz et al., 1993) CSE uag GIE o1iina lnuatgegraninliiinasemsaniiaaluden
Y
na lntaiuayumsaa lviiuazau (Lara-Castro and Garvey, 2008)
HAMSANEINUNENTANA C. sinensis N 150 1Az 300 mg/kg BW/day Uas G. inodorum f
150 1@z 300 mg/kg BW/day il l#18819 vi3e l¥naunuvesasanan C. sinensis N5LAU 75
' 9
mg/kg BW/day UINENTANANN G. inodorum 1 75 mg/kg BW/day ¥i11¥szaniianaludealu

v
' =}

' T v 1 A v o W o/ !
wyhgnmilenhldhaalu@oagelas  HFD  aaasegnivisdngmnquiieiieunungy

q a

H " Yo A 1 g}x a v 1

HFD M hildsuaisnaaey (Unt-HFD) (p < 0.05). 8eluUnininudimanmsinsigdeanun

a Lo 4 =1 1% ~ g’/ Y 4

CSE (75) + GIE (75) uﬁmmﬁmiuqmﬂmﬁamEmﬂ‘umﬂ%’mm@] UDNIINUULAND
a o 4 o 1 [ [ ~ 4

sz 15 IWdved lnfununszdussaunsiaamoson, lasnawelsauay LDL-

A v [

cholesterol  Tu@Suvoannnaunaassh ldsumsnadeuanasediiiodwaiiomounungy
4 a d £ a
untreated-HFD (p < 0.05) 1/015131A512WIIM3 Ia1swauauod CSE 1ag GIE 9200ngn5iasy
[ A [} A a 4 E v A o 1 Yy 9 Aa a A
Aurselu  WelnnzianududuvesastidadIuanudutunlUssanEnmvesaisHay
' , s ¢
(FECI) 71 CSE (75) + GIE (75) 9932A1UADIATIADI0A, 193D 15Aag LDL-cholesterol 11
[ J J J @ g a £ o y a d
FFUNWUNRA < 1.0 HAAINATTOIAIUUAAINSIEATUNTAY (Synergism) 111ATIZHAT
HDL-cholesterol W115¢#1 HDL-cholesterol  lu@suupannnaunaassi lasuaisnadoy
2 X I Ao o v A A @ ] = 1 9 ST {
YU AYIBINEUAUNGY untreated-HFD (p < 0.05) MIANBINDUNINUINFDI
. . @ = 4 [ o < g g}/ 9
C. sinensis aaTzAUADIAMIADTOA |AInawe lsauasmsdunsizi VLDL duiludisaiqu
' E4 ld
499 LDL luny (Koh et al., 2003; Zhou et al., 2009) nouwithid Iddnmina lndlu 118 luns
% ] @ ' o aa
ﬂ'i%{l}u AMPK 910 cordyceps ¥q cordycepin fazﬂnﬂaﬂmﬁﬁzﬁmm”lmuu”luﬂqmmaaTaaaﬂ
A a 2 Y a3 "y X AN Yo X
HAINNAINTTY AMPK (Wu et al., 2014) Koh et al. 3 1dmiuindulowonn lasunmsmiziaes
o o : <
YOIANTANA  C. sinensis anTzAUABIRMAOTOR IWEoaTurY  Fwervdluwanininmsan
a Jd o
Avnssuvoaan Tyl 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase ms i
[ {3 o = @ ]
luves G. montanum fvvyiithunu ldfsmang laauaz lviuludenanasediadl
v o w { d a @
wedany nalnidlu 1y I8 lumsaamafanng lviuludeagavesluves 6. montanum 919

a a 1

Aa 1 d v 1 4 o U v Aa a
m@mﬂwammiﬂizﬁju@umau@mmaaﬂua@uﬁmﬁmmﬂﬁmivmmi’nm‘uawyauiﬂa

U

2 4 A 1 o & A ) o &
ﬂTﬁ!WlIﬂﬁlﬂﬁﬂu“ﬂﬂ]@ﬂﬂQIﬂﬁ%1ﬂWﬁ1ﬁiﬂl’lﬂﬂﬂluﬂlﬂﬂiﬂﬂ"lﬂﬂ (Ramkumar et al., 2008) AU

< ' @ A v o
'EJ'I%L“]JHU]J’IJU]J@%}’J'IWﬁ%ﬂ\ii%ﬂﬂﬂ’ﬂlaﬁmﬂiﬂﬁ‘ﬂaﬂa\?inﬂ?ﬂiﬁﬂﬂ C. sinensis QZE1TANAN G.
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inodorum ®MMWNKAWNA INAINA1ITIAY (Koh et al, 2003) tHpsnnishogluana
= [ = Q( 1 = [ Y
@eanuenlicnsoangns lunguidednu 14
= a t&l 4‘ Y % dld Y] A
msanImngameImaiode luiy du ez lavesnyniiluiuludteags ms
wsauay Taunnnuldves Adipocyte ttazn1az luduluauimann HFD uazliunumdinwy
TumsiaINgueINs metabolic syndrome 1FUTYUINIIBNIAVLALNITIINUVDIDULAY
= 1 Y I 1 d!y A o nm Y a3 1 [ A A
(Yang et al., 2012) msanyargaudaslimuinione ludululduovaandsnuiiios
@ 1o Q) @ A o Y A < 1 . . @ a a
azau luin uaduiluetonzmeluivihimihivasanswu adipokines tazifadonmsaigayla
2~ o = . A dy A L Y
Fallunumdrnn luseou homeostasis (Kang et al, 2012) iortowe luiuveisarons
v Y
wsaeay Tannnu lluazmsTany  wiensaesedetiigsiodudiumsonauuaMIunn
9 '
FUUDI macrophage 11801911 TgmswaT5A8I1 (Yoon et al., 2015) HONIINUMIHAS
9 1
Tvsiazmsauswnuszrnaiiede lviusuduerv liinanig lviuludy (Gao et
Y] a a 2 A ) ] ] v o @
al., 2015) wazmitloanumssyau Taunves ludunazag luiuluduiulviodan v
a Y] Y = Y o U dy A @ d’Q)
m3tsziiumansifosnulsadin wamsAnrvesdIvenumMsasvdeuiiiede luiiundoy
Y =~ . AW Yo ' " Yo
A28 H & E Nu1u19ve9 adipocyte Tunyi 1851 HFD ua li'lasua1snadoy (untreated HFD)
o 1 VA Yo ) ' A 1
Y9 1Mn 109U non-HFD wazngui lasy HFD wag lasuaisnnngu (p < 0.05) gl

9 v
W NN non-HFD wazngui1dsu HFD uazlasuaisynngy Ismau adipocytes t1azns

=1

4 H 1
YSuuNnae (normalized field) Mnnngui 145y HFD ua lildsuasnadoy (untreated
] S o o 3 tdy o v ds’ d‘ % 1
HFD) ogniiied1fny (p < 0.05) wenamnisauvesren lviuluiieodulungy non-

' ]
o v A 1A

oA Yo Yo 1 [} = = (% Yo
HFD uazﬂqw"lmu HFD LLE’I$llﬂ'iDﬁﬁnﬂﬂ@uﬂﬂﬂﬂﬂﬂﬁuu&ﬁiﬂfy‘ LN@L‘I/IEJ‘Uﬂ‘UﬂmJ‘VIUlﬂi‘]J

Q
Y

HFD ua lu'laSuasnaaou (untreated HFD) MsAnEIdanudninavesansanamaiilaoga
Y r v
WeNEINGWOUHDIIIAT HANITATIIAUNYI AUVeInuN a5y HFD ua lulasumsnadou

< ' & 1 . 4 @
(untreated HFD) tteaa1#1#111 cytoplasmic vacuoles UeeauLaz il steatosis g4 tilodiouny

v
1 =3

naui1dsu HFD uagl@dsuans simvastating CSE, GIE 10879 uagHaunuved CSE 11 GIE

Q

4 ' o =t @ I v A a [
Llaglﬁﬂﬁi'Ji]ﬁf]‘ﬂ'J1ﬁ’liﬁﬂﬂlﬁaWHaWNWiﬂﬂﬂﬂﬂuﬂWiUW@]H]“]JGU@Q@Uﬂlﬂﬂﬂ’lﬂ HFD Ul??],ﬁ%ﬁ]hlﬂ

S Ao

= v Ao 2 & . A o 3
NUIYIINTAABDUICAVLIN AST ag ALT G]NL‘]JL! biomarkers mﬂumgmummmimmw

9
VOIAVUAZ FITNFDINTIINUUDIAL (Kang et al., 2012; Mohajeri and Sefidan, 2013) W98

=\

WUI52AY ALT 99N untreated-HFD ganmnngudi 1a5U HFD wag dsnagouodiel
v o w Y Ay Yo . . A 3 A A
gAY (p < 0.05) Emnuﬂqw”lmu simvastatin 158 GIE (300) 91nWav0d ALT ®uaan

#6191 CSE (150), CSE (300), GIE (150) as CSE (75) tag GIE (75) Tiuaasanuiluiiuse

F 1
qu  Tsalewulane@eunay  TsalagesauazlsalaneGoimansaasrany ldonmsg
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A 3 [ I a [ I
INUVUYBITFY creatinine (Mohajeri and Sefidan, 2013) Creatinine WunannUNIINNTEAY
UnNAVBINITIHINAIQYVA creatine LazIingnIUDNU IUTTAaa192 (Kotsyubynskyy et al., 2004)
A o Aa A L. ' ) ° ] ) o A X A
Wolavhuiadnd  creatinine v liausodueenly v lseduveuiuuIuluGea
v & A Aw .. < [ dyd' Py a o =
AUUNATNINTOFTY creatinine 1HUAIU TN 1F lumstszmiumsinauvesla mamsany
=S = A o U o 1 [} G an =K 1 a0 .; 1 1 =
Ny ual UGNV TenUNIZAUATE NI UGS UYDINGY  non-HFD  UAEINIRE13M

v [

) A A @ 1 1 <] VA Yo ¥ A
YA AYLUDNYUNUNQY untreated-HFD (p < 0.05) E]fJN]lﬁﬂGnllﬂprTIllﬂﬁJ HFD M3vuan

o

Yo =1 1Y = aa =R ] 1 1 A 1 3’;
la5Suesnadouiszauasoniuludsuluuana199100gu non-HFD (p > 0.05) 83 linamiu

=

namsasaaounes mevedlanunlavesynlasy  HFD  ualyldsuasnaaey
< 1A - - - -
(untreated HFD) udaaliiiiuai mild mesangial cells uaz glomerulus capillaries
A (Y A = v Ay Yo Yo . .
nasulasszauihunas dedounungui lasy HFD waglasuas simvastatin, CSE, GIE
1 1 9
(R84 UATHANAUUBY CSE N1 GIE My Inseadedananynd namsanutiuanddn CSE,
{ Y] ] < a 1 [
GIE 19879 ¥30a130a¥ CSE nU GIE Minaasnnuiluiivaela Senthilkumar et al. 51841171
@ @ = 7 o o du 44 2
MsFunszHved lauazmsazauved lasnawe lsaianuduusnunsuaasoon N
Y a a - ' A X Y . a 3
yoatfademssianIa profibrotic #41H1 g sinuALNIT V1007 mesangial IHANTLIARDY
. .. = =2 o q ¥Ya )
voelaazmsaean tubulointerstitial va1UsAu ECM 39¥i111naT5AU09 DN (Senthilkumar
et al., 2012) Utsunomiya et al. 31801 lusiuludeagedananela Tsammnu ammndie
=< 1 . A ~ o Y a 14 '
maunsnguvesvinalngly gomeruli Tuvyngamtisnhliimanmnudie STZ wun
Y Y v
52AUMLNTV luiuru TG, FFA, TC, LDL-C uaz VLDL-C imgeiu mamileninves
Tsawminulunyles STZ A hlgmssimuivesnng luiudalng  Cluduludeagaas
hypertriglyceridemia) (Pepato et al., 2005; Peungvicha et al., 1998) INHANTIVYVDUT NN
dy A o A 9 9 =) . A Yo ' nm vy
mMsasdoutilae lviuidondis H & E Huuaved adipocyte 1unyi a5y HED ua li'ld
Sudsnaaoy (untreated HFD) uialuginduazi1uiutiosni1ngy non-HFD wagngui
Yo Yo 1 1 A v o W ? v
1850 HFD naz Idsvmsnnnquediiiedinn (p < 0.05) uoNINUULE HAYDY CSE, GIE
A [ 1 4 o A 1 o = 4
@89 aznauiuae 115 IWdved luinludeanunszduneaanesea, lasndwelsauas
LDL-cholesterol lu@5uunannngunaasei lasumsnadovanasegniivisd vy loionny
1 A 1 g’u 4 a A
QW untreated-HFD (p < 0.05) 89 lniniudiosinsignnms l¥esnauues CSE uag GIE
Q"’ =y 9 4 o A [ 1 9 = v dy
aunsaeengniasunulumsanlys lidveslvinluwaeadinande  wamsAnyuraiil
APANADINUATNIINNADIYANISANVBUTAGNYNIONAIE Oil Red O 11AZ haematoxylin HFAY
< 1 ! v o
1911131 CSE (10) — CSE (40), GIE (250) - GIE (2000) 301410879 tazmaunuved CSE (10)
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[ o . A a 3 A ' o W A
nU GIE (500) aavf5unmazanluiiulu adipocytes luszoziiniauaviodniiiodailo
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v ] v
nseuiounungui lu'laSua1sasna1n (Untreated 3T3 adipocytes) (p < 0.05) 84 linaniu

a A

Yy 9 v A o 1 Y Y Aa |dy
ANUUVNVHVOIAFUFATIUANVINIUN YT FNTAIMVOIEITHAN (FECI) CSE + GIE 1%
Y I v g
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1 [ 1 4
miﬁﬂ‘ﬂmaﬂlm CSE, GIE Laﬂ?lc] HASHAUNUABNTEVIUNIT adipogenesis lwwaa 3T3-L1
. =< = Y I o 1 A
adipocytes Tag FTIR Gananmsany a1 iifiugainuin CSE (10), GIE (500) ta1g39] LlagHey
@ @ 1 Aw o o A A o . A Y
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g

@ Y ' 9 d' v = o w
arsnavzan luiu ldunnnmsldasineanedeiiodan (p < 0.05).
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HansanuaaslfiusauI CSE, GIE L?a'mq HAEHANAUUDY CSE NU GIE A
ATLUIUMS  adipogenesis 1MIAd 3T3-L1 adipocytes i lrmsazanlviuanasedall
Wodiwy eifleuiungy  Differentiated  3T3-L1 gl I&Suesnagey  (untreated
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=
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A v o W
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' Y '
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k4 1 1 [
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MANHIN

mmst‘im%fmﬁmwaﬁ 3T3-L1

B.1 Phosphate buffer saline (PBS), 1X, pH 7.4

KH,PO, 0.144 g
Na,HPO,.7H,0 0.795 g
NaCl 9.0¢g
DI water 1L

Adjust pH to 7.2 + 0.1 and filter sterile (store at 4 °C).

B.2 Trypsin/EDTA preparation

Trypsin 025¢g
EDTA 0.04¢g
PBS, 1X 100 ml

Filter sterile and aliquot (store at 4 °C).

B.3 Culture media preparation

FBS (heat inactivated)

Slowly thaw the frozen FBS in a beaker filled with water.
Put in water bath at 37 °C till completely thaw.

Heat inactivate (56 °C, 20 min), gentle mix every 10 min.
Aliquot 45 ml into conical tubes.

(Store at -20 °C).

HEPES buffer, IM

HEPES 2383 g
DI water 100 ml

Filter sterile and aliquot (store at -20 °C).
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Penicillin/Streptomycin, 100X

- Penicillin 0.6¢g
- Streptomycin 134 ¢
-  PBS,1X 100 ml

Filter sterile and aliquot (store at -20 °C).

DMEM, high glucose, 1X (incomplete medium)

-  DMEM, high glucose, 1X with L-glutamine and phenol red 1 pack

- NaHCO3 37¢g
- DI water 1L

Adjust pH to 7.2-7.4 and filter sterile (store at 4 °C).

DMEM, high glucose, 1X (complete medium)

-  Inactivated FBS 20 ml
- Penicillin/Streptomycin 2 ml
-  HEPES buffer, IM 3ml

Adjust volume to 200 ml with DMEM, high glucose, 1X (incomplete medium)

(Store at 4 °C).
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Abstract- The present study aimed to investigate the anti-hyperlipidemic effect of Cordyceps sinensis extract (CSE)
on high-fat diet-induced hyperlipidemia in mice. Four of the five groups of ICR male mice (not including the normal
group) were fed with high-fat diet (HFD) for 12 weeks. Three of these four groups were administered a high-fat diet
supplemented with CSE (150 or 300 mg/kg BW/day) or simvastatin (20 mg/kg BW/day). The blood cholesterol,
triglyceride, and low-density lipoprotein cholesterol (LDL-c) level of all CSE treated groups were significantly
lower than control group (p < 0.05). Also, Alanine aminotransferase (ALT) and Alkaline Phosphatase (ALP) levels
of CSE treated groups were not a significant difference from the non-HFD control group (p > 0.05). These findings
represent the first report and may indicate that the CSE is capable of lowering lipid profiles. So, the CSE may be
further developed to the novel lipid-lowering drug for the management of overweight or obesity.

Introduction

Over the past to the present, the prevalence of obesity is increasing rate in developed and developing countries
throughout the world. Global burden of obesity found that obese adults in 2005 were 396 million and in 2030 the
respective number of obese adults was projected to be 573 million individuals without adjusting for secular trends .
Though it is highly prevalent in developed countries, obesity is quickly growing to be of concern in low- and
middle-income countries such as Thailand. In Thailand, the ministry of public health estimated the health impact of
obesity among Thai population regarding the obesity-attributable fraction, which reflects the proportion of the
incidence of comorbidity in the Thai population due to obesity. Obesity contributes to 25% and 52% of diabetes
cases in males and females, respectively °.

At present, because of dissatisfaction with high costs and potentially hazardous side-effects, the potential of natural
products for treating obesity is under exploration, and this may be an excellent alternative strategy for developing
future effective, safe anti-obesity drugs . Cordyceps sinensis is a traditional food and medicine in Asia; those have
received intense attention in recent years *°.

However, no work has been investigated on the effect of Cordyceps sinensis on prevention of hyperlipidemia in
mice. Thus, this study was aimed to investigate the anti-hyperlipidemic effect of CSE on mice. Finally, this
investigation may offer the potential to develop a new generation of phytopharmaceuticals products for the
prevention of hyperlipidemia.

Materials and Methods

1) Materials: The extraction of Cordyceps sinensis was supported by Cordythai Company, LTD, Thailand. Thirty-
five adult male mice (ICR mouse), aged about 8 weeks, weighing 30-40 g, were obtained from the Animal Care
Building, Suranaree University of Technology, Nakhon Ratchasima, Thailand.

2) Experimental of hyperlipidemia prevention: Mice were received HFD (60% Lipid-containing) for hyperlipidemia-
inducing. The experimental protocol was approved in accordance with a guideline for the care and use of laboratory
animal by animal care and use committee (ACUC), Suranaree University of Technology. The mice were divided
into five groups (7 mice/group). The first group received normal diet, fed with 5% tween 80, and was used as
normal control (non-HFD). Group 2 was received HFD (60% Lipid-containing), fed with 5% tween 80, and was
used as negative control (HFD). The treated groups were fed with HFD plus CSE 150, 300 mg/kg BW/day, and
simvastatin 20 mg/kg BW/day (a positive control) respectively. Each group was maintained on their diet ad libitum
for 12 weeks. Before treatment (Pre-treatment), all mice in these groups were collected blood for chemistry analysis
(LDL-c, Cholesterol, Triglyceride, ALT, and ALP) to compare with after treatment (Post-treatment) and comparable
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in each group. At the end of the experiment, the animal was sacrificed. Blood was collected for chemistry analysis
(LDL-c, Cholesterol, Triglyceride, ALT, and ALP).

3) Measurement of body weight and food intake: The body weight of each mouse was measured every week. For
each mouse, average daily food intakes were calculated.

4) Serum biochemistry: At the end of the experiment, blood samples were collected by cardiac puncture under ether
anesthesia and were partly used for hematology. From the remainder blood serum was prepared centrifugation at
1000xg for 30 minutes and keep at -20 °C for blood chemistry analysis, including LDL-c, Cholesterol, Triglyceride,
ALT, and ALP. The assay was performed with automated analytical systems at the Animal Care Building,
Suranaree University of Technology '°.

5) Statistical analysis: : All data were presented as the mean + SEM. Differences between pre- and post- treatment
groups were analyed by paired student’s #-fest. The significant differences between each groups were compared by
using ANCOVA. The Tukey HSD post hoc test at p < 0.05 was also considered as statistically significant difference
between each group ' '%

Results and discussion

Effect of CSE on serum lipid profiles

The results showed that all treated groups showed the significantly higher lipid profile than the untreated-HFD
group (Fig. 1). Among the HFD-treated groups, the results revealed that all treated groups exhibited significantly
lower lipid profiles (LDL-c, Cholesterol, Triglyceride) than those of the controls (p < 0.05) (Fig. 1). Interestingly,
the LDL, Cholesterol, and Triglyceride levels of CSE at 300 mg/kg BW/day treated group was not significantly
different from the simvastatin-treated group (p > 0.05).

Effect of CSE on food intake and body weight

The food intake of the non-HFD group was significantly higher than those of HFD- and HFD-plus-test agent groups
(p < 0.05). While this parameter of all treated groups was not significantly different from the untreated-HFD group
(» > 0.05). The body weight results displayed that the average body weight of the HFD group was significantly
higher than those of non-HFD and other HFD-treated groups (p < 0.05). Furthermore, the body weight of all CSE
(300) or simvastatin treated groups were not significant differences from the non-HFD control group (p > 0.05)
(data are not shown).

Biochemical parameters in serum

The HFD group displayed higher ALT and ALP level than other groups (p < 0.05). Although, the ALT and ALP
level of CSE or simvastatin-treated groups were not a significant difference from the non-HFD control group (p >
0.05) (data are not shown).

Discussion

The results of this study presented that CSE at 150 and 300 mg/kg BW/day could reduce serum cholesterol,
triglyceride, and LDL-c levels in HFD-induced hyperlipidemia mice. The previous study reported that the cultured
mycelium of C. sinensis had significantly reduced cholesterol, triglycerides, and synthesis of VLDL, the precursor
of LDL in mice '"'*. The potential mechanisms of cordyceps have been reported that its induced AMPK activation.
Cordycepin would mainly reduce oleic acid-elicited intracellular lipid accumulation and increased AMPK activity
4. Koh et al. indicated that cultured mycelium of C. sinensis extract lowered the serum total cholesterol level in
mice due to a reduction in the activity of the liver enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase . Therefore it is suggested that the reduced cholesterol level effect of CSE might be mediated by several
mechanisms. Hence reduced lipid profile can be another potential mechanism to prevent obesity. Our results provide
evidence for obesity biomarkers developing adapted the effectiveness of medicine for obesity treatment in obese
patients.
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Fig. 1 Effects of CSE on serum cholesterol, triglyceride, and LDL-c levels in ICR mice. (A) Serum cholesterol, (B)
serum triglyceride, (C) serum LDL-c in mice (n = 7). Non-HFD = Normal group; HFD = High-Fat Diet group;
Simvastatin (20) = Simvastatin 20 mg/kg BW/day; CSE (150) = CSE 150 mg/kg BW/day; CSE (300) = CSE 300
mg/kg BW/day. The significant difference between pre- and post-test in each group were compared using paired
Student t-test at * p < 0.05. A significant difference between ANCOVA adjusted post-treated level in each group,
means sharing the different superscript letters, was compared using ANCOVA and Tukey’s HSD post hoc test at
p <0.05.
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This study aimed to investigate the effects of Cordyceps sinensis extract (CSE) and Gymnema inodorum extract (GIE), used alone
and combined, on antiadipogenesis in 3T3-Ll cells. Oil Red O staining was used to examine the effects of these extracts on
inhibition of intracellular lipid accumulation in 3T3-LI adipocytes and on lipid droplet morphology. Fourier transform-infrared
(FTIR) microspectroscopy was used to examine biomolecular changes in 3T3-L1 adipocytes. The pancreatic lipase assay was used
to evaluate the inhibitory effects of CSE and GIE on pancreatic lipase activity. Taken together, the results indicated that CSE, GIE,
and their combination suppressed lipid accumulation. The FTIR microspectroscopy results indicated that CSE, GIE, and their
combination had inhibitory effects on lipid accumulation in the adipocytes. Compared with the untreated adipocytes, the signal
intensity and integrated areas of glycogen and other carbohydrates, the acyl chain of phospholipids, and the lipid/protein ratios
of the CSE, GIE, alone, and combined treated adipocytes were significantly lower (p < 0.05). Combination treatment resulted in
a synergistic effect on lipid accumulation reduction in the adipocytes. Principal component analysis of the biomolecular changes
revealed six distinct clusters in the FTIR spectra of the sample cells. The pancreatic lipase assay results indicated that CSE and GIE
inhibited the pancreatic lipase activity in a dose-dependent manner (mean + standard error of the mean IC,, values, 2312.44 +
176.55 yug mL ™" and 982.24 + 44.40 ug mL™", resp.). Our findings indicated that FTIR microspectroscopy has potential application
for evaluation of the effectiveness of medicinal plants and for the development of infrared biochemical obesity markers useful for
treating patients with obesity. These results suggested that use of CSE and GIE alone and in combination may be efficacious as a
complementary therapy for hyperlipidemia and obesity management. However, clinical trials in animals and humans must first be
completed.

1. Introduction

The incidence of obesity has been increasing steadily in
developed and developing countries worldwide. Analysis of
the global burden of obesity revealed that there were 396
million adults with obesity in 2005 and that the expected
number is projected to be 573 million individuals in 2030,
without adjusting for secular trends [1]. Excessive fat accu-
mulation that increases the risk of adverse health effects
is one definition of obesity. Obesity is implicated as a risk

factor for various diseases (e.g., hypertension, coronary heart
disease, and type II diabetes) [2, 3]. Despite the unavoidable
progression of this disease and the positive effects of some
medications on body weight reduction and alleviation of
numerous cardiometabolic complications, large numbers
of approved and wholesaled antiobesity drugs have been
withdrawn due to serious adverse effects [4]. Phytochemicals
present in plants traditionally used for medicinal purposes
have the potential for use as newer therapeutics for obesity
and other metabolic diseases [5].



Combinations of phytochemicals often occur naturally
and using them in combination may significantly improve
bioactivity. Cordyceps sinensis and Gymmnema inodorum
extracts are used as traditional food and medicine in Asia;
they have received intense attention by a researcher in
recent years [6-8]. Triterpenoids in G. inodorum leaves
have an inhibitory effect on glucose absorption from the
intestinal tract that relies on CH,OH production [7]. The
potential hypoglycemic and renoprotective effects of C.
sinensis solid-state fermented mycelia extract were examined
in patients with type 2 diabetes mellitus [9]. Cordycepin
inhibits adipocyte differentiation and accumulation of lipid
in mature adipocytes. As cordycepin blocks both adipocyte
differentiation and lipid accumulation, it has the potential
to be an effective therapeutic agent for obesity and obesity-
related disorders [10].

Synergy research has found that standardized phyto-
drugs have therapeutic equivalence to the standard drugs.
Compared with synthetic drugs, they also have fewer or no
side effects [11]. However, the synergistic effects of C. sinensis
extract (CSE) plus G. inodorum extract (GIE) on antiadipo-
genesis in 3T3-L1 adipocytes have not been investigated. The
objective of this study was to examine the synergistic effects
of CSE plus GIE on antiadipogenesis in 3T3-L1 cells.

2. Materials and Methods

2.1. Reagents and Cells. All chemicals were of the highest
quality available (e.g., analytical grade). Bovine calf serum
and 3T3-L1 mouse embryonic fibroblasts and were purchased
from the American Type Culture Collection (ATCC,
USA). Dulbeccos modified Eagles medium (DMEM),
penicillin, streptomycin, fetal bovine serum (FBS), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphe-nyltetrazolium  bromide
(MTT), and  N-2-hydroxyethylpiperazine-N-2-ethane
sulfonic acid were obtained from Gibco Invitrogen (Grand
Island, NY, USA). Insulin solution (bovine), 3-isobutyl-
I-methylxanthine (IBMX), 4-nitrophenyl dodecanoate
(pNP laurate), porcine pancreas lipase, and simvastatin
(SIM) were obtained from Sigma-Aldrich (St. Louis, USA).
Dimethyl sulfoxide (DMSO) was purchased from Carlo
Erba Reagents S.r.l. (Chaussée du Vexin, Val de Reuil, USA).
Dexamethasone was obtained from G Bioscience (St. Louis,
USA). Oil Red O was purchased from Amresco Inc. (Solon,
OH, USA).

2.2. Preparation of Plant Extracts. The C. sinensis extract
was obtained from the Cordythai Company, Ltd., Thai-
land. The identity of the specimen was authenticated by a
microbiologist at Kasetsart University (Bangkok, Thailand).
Leaves of G. inodorum were collected from the Chiangda
organic company garden (Chiang Mai, Thailand). These plant
specimens were authenticated by Dr. Santi Wattana, a lecturer
and plant biologist at the Institute of Science, Suranaree
University of Technology. A specimen was deposited in the
botanical garden, Suranaree University of Technology.

A 250-g dried powder of G. inodorum was soaked in 750
mL 95% ethanol at room temperature (25 + 1°C) for 7 days
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with occasional stirring. After 7 days, the ethanol extract
was filtered (Whatman no. 1 filter paper) and concentrated
using a rotary evaporator at reduced pressure and <50°C. The
concentrated extract was collected in a petri dish and air-
dried to the point of complete evaporation of the ethanol. The
blackish-green semisolid extract was kept at -20°C until use
[12].

2.3. Preliminary Qualitative Phytochemical Screening Tests.
The preliminary qualitative phytochemical screening analysis
was performed as previously described, with some modifica-
tion [13-15]. The chemical compounds of extract constituents
(i.e., tannins, saponins, alkaloids, flavonoids, steroids, and
glycosides) were tested.

2.4. Quantitative Estimation of Chemical Constituents

2.4.1. Total Phenolic Content. The Folin-Ciocalteu assay was
used to investigate the total phenolic content as previously
described by Singleton et al. [16] and Rupasinghe et al. [17],
with little modification. Briefly, 100 yL 0.2 M Folin-Ciocalteu,
20 puL CSE or GIE, and various concentrations (0.0025,
0.005, 0.0075, 0.01, 0.015, 0.02, and 0.0625 mg mL™" in 100%
methanol) of gallic acid were added to each well of 96-
well plates. Then 80 uL 7.5% (w/v) sodium carbonate was
added to each well and the samples were incubated for 2
h at room temperature. The absorbance of the resulting
blue color solution was measured using a spectrophotometer
(wavelength, 765 nm). A gallic acid standard curve was used
to determine the total phenolic content. The results were
expressed as mg gallic acid equivalents (mg GAE/g) per g of
dry weight.

2.4.2. Total Flavonoid Content. The total flavonoid content
was measured using the aluminium chloride colorimetric
assay following Chen et al’s and Settharaksa et al’s methods
[18, 19], with little modification. Briefly, 125 uL distilled
water, 25 yL standard catechin at various concentrations
(0.025, 0.05, 0.1, 0.2, 0.3, and 0.4 mg mL™") or CSE or GIE,
and 10 puL 5% NaNO, were mixed in each well of 96-well
plates. The samples were then incubated for 6 min at room
temperature and 15 uL 10% AICl; solution was added to
each well. The plates were incubated for 5 min at room
temperature and then 50 yL 1 M NaOH was added. Each plate
was shaken in a microplate reader spectrophotometer for
5 min before measuring absorbance (wavelength, 595 nm).
A catechin standard curve was used to determine the total
flavonoid content. The results were presented as mg catechin
equivalents (mg CE/g) per gram of dry weight.

2.5. Cell Culture. Phitaktim et al’s methods with some mod-
ifications were used for 3T3-L1 preadipocyte culture and
differentiation [20]. The culture medium was high-glucose
DMEM supplemented with 10% bovine calf serum, 1.5 mg
mL ™! sodium bicarbonate, 100 U mL™" penicillin, and 100
mg mL™" streptomycin; the cells were grown until being
confluent. The incubation conditions were 37°C, 5% CO,,
and 95% humidity. At 2 days after confluence was observed



Evidence-Based Complementary and Alternative Medicine

(day 0), the preadipocytes were induced to differentiate into
adipocytes using 48-h culture in a differentiation medium
containing 10% FBS, 1.0 mM dexamethasone, 0.5 mM IBMX,
and 1.0 mg mL™" insulin in DMEM. At 48 h (i.e., day 2),
the differentiation medium was changed to a maintenance
medium (10% FBS and 1.0 mg mL™! insulin in DMEM) for
another 48-h culture period (day 4). Every 48 h until day 10,
the medium was replaced with newly-prepared maintenance
medium. The preliminary concentration interval testing of
CSE and GIE alone and combined to determine that the
extracts were not toxic (i.e., not significantly different from
the control) was then performed. This testing found that the
dosage intervals of CSE at 10-40 yg mL™", GIE at 500-2000
pg mL™', and CSE plus GIE (CSE/GIE) at 10 + 500 ug
mL " were the correct intervals for the experiments. The SIM
dosage was 1.67 ug mL™", which was the dosage used by
Sirichaiwetchakoon et al. [21]. SIM was used as a positive con-
trol. During testing of preadipocyte differentiation, the cells
were treated with the various obtained concentrations of CSE,
GIE, and SIM alone, and with the CSE/GIE combination, for
48-h differentiation phase periods (i.e., at days 0, 2, 4, 6, and
8). The rates of differentiation into adipocytes were calculated
on day 10.

2.6. In Vitro Cytotoxic Test (MTT Assay). A tetrazolium dye
(MTT) colorimetric assay was used to examine the cytotoxic
effects of exposure to CSE, GIE, SIM alone, and CSE/GIE
combination on cell proliferation [22]. The 96-well plates
were seeded at a density of 5 x 10° cells/well. Cell adherence
was then allowed to progress for 48 h. The cells were then
subjected to a 48-h exposure of various concentrations of
four compounds. The medium was then removed, and the
final concentration of 0.5 mg mL™" MTT was added to
each well. The cells were then incubated for 4 h at 37°C.
DMSO was then used to dissolve the formazan crystals
formed by viable cells and a microplate spectrophotometer
(Bio-Rad Laboratories, Inc., USA) was used to measure the
absorbance (wavelength, 540 nm). Linear regression analysis
and a dose-response curve were used to calculate the extract
concentration resulting in the death of 50% of the test cells
(i.e., 50% lethal concentration (LC50)).

2.7. Oil Red O and Hematoxylin Staining. On day 10, Jarinya-
porn et al’s and Sirichaiwetchakoon et al’s [21, 23] meth-
ods (including Oil Red O staining), with some modifica-
tions, were used to determine the rates of differentiation
of preadipocytes into adipocytes that were associated with
the amount of lipid accumulation. Briefly, adipogenesis of
the 3T3-L1 preadipocytes was first induced using adipogenic
medium; they were treated with concentrations similar to
the established safe MTT concentration intervals of CSE at
10-40 ug mL™", GIE at 500-2000 ug mL™", SIM at 1.67 ug
mL™", and CSE/GIE at 10 + 500 ug mL™' for 48 h. The
differentiation medium was then changed to maintenance
medium that included the treatment agents; this change
in maintenance medium was then performed every 48 h
until day 10. PBS was then used to wash the cells (twice)
and then they were fixed for 1 h using formaldehyde (10%)

in PBS. Distilled water was then used to wash the cells
(twice) and they were stained using a 5% Oil Red O
solution in 60:40 (v/v) isopropanol:distilled water at room
temperature for 30 min. The Oil Red O-stained cells were
then washed with distilled water (twice) and stained with
hematoxylin solution at room temperature for 10 min. An
inverted fluorescence microscope (Olympus Corporation,
Japan) was used to examine the stained cells. Quantification
of lipid accumulation was performed after washing the Oil
Red O-stained triglyceride droplets with 60% isopropanol
(twice), eluting with 100% isopropanol and transferring
to a new 96-well plate. A microplate spectrophotometer
was used to measure absorbance (wavelength, 490 nm).
The equation (ODsample_ODblank)/(ODpositive control_ODblank)
x 100 was used to calculate the differentiation rate (%).

The fractional effective concentration (FEC) index was
calculated for each combination to measure the interaction
between two agents. The FEC for each agent was calculated
by dividing the concentration of the compound present
in that treated group in combination where the effective
concentration (EC) of the treated group showed equal or
higher (or better) effect than a negative control group and
those compounds treated alone. The FEC index (FECI) was
calculated using the following: FEC of A compound = EC
of A in combination/EC of A alone; FEC of B compound =
EC of B in combination/EC of B alone; hence, FECI = FEC
of A compound + FEC of B compound. When the FECI of
the combination was <1.0, a combination was designated as
synergistic. An FECI = 1.0 indicated “no interaction or zero-
interaction” between the agents, and a value >1.0 indicated
antagonism between the two compounds [24, 25].

2.8. Pancreatic Lipase Assay. The pancreatic lipase assay
was used to investigate the effects of CSE and GIE on the
reduction of fat digestion and absorption. Guo et al’s and
Hengpratom et al’s [26, 27] methods, with slight modifica-
tions, were used to measure lipase activity. The supernatant
of 5 mg mL™" porcine pancreas lipase type 2 in distilled
water was used for the assay. The reaction buffer consisted
of 0.1% (w/v) pNP laurate buffer (100 mM Tris buffer pH 8.2)
and 5 mM sodium acetate (pH 5.0) containing 1% Triton X-
100. The buffer was heated in boiling water for 2 min and
then cooled to room temperature. Ranges in preliminary
concentrations of CSE, GIE were then tested to determine
the concentrations appropriate for the calculation of the ICs,
for lipase inhibitory activity. The concentration intervals of
CSE at 1000-1600 ug mL™' and GIE at 250-1000 g mL™
were obtained, which were almost similar to the ranges for
Oil Red O staining. Fifty percent DMSO in reaction buffer
was used to dissolve each test sample. The sample (20 uL)
and lipases (30 mL) were added to 40 mL reaction buffer; a
substrate solution (30 mL) was used to initiate the reaction.
The negative control contained 50% DMSO instead of the
sample. Each mixture was incubated at 37°C for 2 h. A
microplate spectrophotometer (wavelength, 405 nm) was
used to measure absorbance. The inhibition rate (%) was
Cai(c)l(;lated as (1_(ODsample_OD sample blank)/ ODnegative control)
x 100.



2.9. Focal Plane Array-FTIR Microspectroscopy. FTIR mea-
surement and Siriwong et al’s method with some modi-
fications were used to evaluate the effects of CSE, GIE,
and the CSE/GIE combination on the adipocytes [28]. The
lowest concentrations of CSE (10 ug mL™") and GIE (500
pg mL™") used alone, and CSE/GIE (10 + 500 gg mL™") in
combination, which the MTT assay revealed to be nontoxic
and the Oil Red O staining indicated to have synergistic
activity, were used to investigate biomolecular changes in
the adipocytes (focal plane array-FTIR microspectroscopy).
A positive control using SIM (1.67 ug mL™") at the same
concentration as the MTT and Oil Red O assays was also
tested. Preadipocytes, untreated adipocytes, and adipocytes
treated using these agents at the above concentrations on
day 10 were collected and centrifuged (4000 x g, 5 min).
The cells were then washed with 0.85% NaCl (once) and
recentrifuged (4000 x g, 5 min). The cell pellets were dropped
onto a barium fluoride optical window 13 mm @ x 2 mm
(Crystran, Ltd.). Excess water was removed using air drying.
The dried cells were kept in a desiccator until FTIR analysis.
For the FTIR microspectroscopy, each sample was evaluated
in triplicate. Staff at a spectroscopy facility (Synchrotron Light
Research Institute, Public Organization, Thailand) recorded
the FTIR spectra using a Bruker Tensor 27 spectrometer
(Globar source) coupled with a Bruker Hyperion 3000
microscope (Bruker Optics Inc., Ettlingen, Germany). The
microscope was equipped with a 64 x 64 element mercury
cadmium telluride, focal plane array detector, which allowed
simultaneous acquisition of the spectral data. The FTIR
samples were examined using the 15x objective, and the
results of 64 scans were recorded in transmission mode
at a 4 cm™' spectral resolution. An 8 x 8 binning FTIR
image mosaic was constructed from the images. A spectral
range of 4000-700 cm™ was used to acquire the absorbance
spectra; the single spectra were acquired from approximately
20 pm x 20 pym sample areas. OPUS 7.2 software (Bruker
Optics Ltd., Ettlingen, Germany) was used to obtain the
FTIR spectral data and to control the instrument system.
Microcal TM origin 6.0 software (Microcal Software, Inc.,
Northampton, USA) was used to plot the mean values for the
spectral data as a stacked view. Principal component analysis
(PCA) was used to identify sample spectra variability and
clustering (Unscrambler X 10.1 software, CAMO Software
AS, Oslo, Norway). During spectral preprocessing, second
derivative transformations were obtained using Savitzky-
Golay algorithms (nine smoothing points) and were nor-
malized using an extended multiplicative signal correction
(spectral regions, 3000-2800 cm ™' and 1800-950 cm™"). This
method was used to identify regions of the absorption peak
overlap, to reduce variation between replicate spectra and
to correct for baseline shift. Score plots (2D) and loading
plots were used to represent the different data classes and
the associations between data set variables, respectively. The
samples’ signal intensities and integrated peak areas were
analyzed using OPUS 7.2 software (Bruker). The results for
the signal strengths and integrated peak areas of the lipids
(3000-2800 cm™}), nucleic acids, and C-O vibrations from
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glycogen and other carbohydrates (1300-950 cm™") were
illustrated using a histogram.

2.10. Statistical Analysis. All results were expressed as a mean
+ standard error of the mean (SEM) values. The statisti-
cally significant differences between treatment and control
groups for cell viability, amounts of lipid accumulation, and
biomolecular changes were analyzed using one-way analysis
of variance and Tukey’s honestly significant difference post-
hoc test. Student’s t-tests were used to determine statistically
significant between-group differences in lipase inhibition
activity. The results were considered statistically significant
when p < 0.05 and were representative of at least three
independent experiments [26, 29].

3. Results

3.1 Preliminary Phytochemical Analysis. Each lyophilized
ethanol extract of G. inodorum was weighed to calculate
the percentage yield of the extract. The percentage of yield
obtained was 17.43% (w/w). The results of the preliminary
qualitative phytochemical screening tests of C. sinensis and
G. inodorum indicated that they contained flavonoids. C.
sinensis contained alkaloids, tannins, and saponin and G.
inodorum contained terpenoids and glycoside. Steroids were
not found in extracts from either plant (Table 1). The total
mean flavonoid content of C. sinensis and G. inodorum
was 8.79 + 2.46 and 4.99 + 0.63 mg CE/g of dry weight,
respectively. The total phenolic content of C. sinensis and G.
inodorum was 0.14 + 0.01 and 0.81 + 0.01 mg GAE/g of dry
weight, respectively.

3.2. 3T3-L1 Preadipocyte Viability Assay. The effects of CSE
and GIE on preadipocyte viability were dose dependent (Fig-
ure 1). The LCs, values for the CSE and GIE antiproliferative
effects were 112.23 + 0.49 ug mL™" and 3075.73 + 274.24 pg
mL ™", respectively. Assessment of the viability of the 3T3-L1
cells revealed that the CSE-treated group was not significantly
different from the untreated group of preadipocytes. The GIE
(500-1000) and CSE/GIE combination resulted in signifi-
cantly greater cell viability than the untreated preadipocyte
groups (p < 0.05). The nontoxic concentrations of CSE,
GIE, and the CSE/GIE combination were chosen for further
investigation using Oil Red O staining.

3.3. Effects of CSE, GIE, and the CSE/GIE Combination on
Lipid Accumulation during Adipogenesis. 'The effects of CSE,
GIE, and the CSE/GIE combination on lipid accumulation
during 10 days of preadipocyte to adipocyte differentiation
were examined. The results for microscopic examination of
the Oil Red O and hematoxylin-stained cells indicated that
exposure to CSE and GIE resulted in decreased numbers of
Oil Red O-stained droplets in mature adipocytes at 10 and 500
ug mL™", respectively (Figure 2). The adipocyte intracellular
lipid accumulation for the treated groups of CSE and GIE
alone and combined was significantly decreased compared
with untreated adipocytes (p < 0.05, Figure 3). The interaction
of CSE (10) plus GIE (500) was compared to treating with
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TABLE 1: Preliminary qualitative phytochemical screening of C. sinensis and G. inodorum extracts.

Phytochemical compounds

Cordyceps sinensis

Alkaloids
Flavonoids
Tannins
Terpenoids
Saponin
Glycoside
Steroids

+ -
+ +
+ _
- +
+ -
- +

(+) = presence; (-) = absence

TABLE 2: Fourier transform-infrared band assignments.

Second derivative spectra band
position (cm™)

Band assignments

Gymnema inodorum

2964 CH, asymmetric stretch associated with membrane phospholipid methyl terminals: mainly lipid

2923 CH, asymmetric stretch associated with membrane phospholipid methylene groups: mainly lipids,
some contribution from proteins, carbohydrates, and nucleic acids

2854 CH, symmetric stretch: mainly lipids, some contribution from proteins, carbohydrates, and nucleic
acids

1735 C=0 stretching vibration: lipids (triglycerides and cholesterol esters)

1650 Amide I: C=0 (80%) and C—N (10%) stretching, N-H (10%) bending vibration: a-helix proteins

1542 Amide II: N-H (60%) bending and C-N (40%) stretching vibration: a-helix proteins

1457 CH, bending vibration: lipids and proteins

1399 COO-symmetric stretching and CH; bending vibration: lipids, proteins

1234 PO,-asymmetric stretching vibration: RNA, DNA, and phospholipids

1084 PO,-symmetric stretching vibration: RNA, DNA

1157 C-O vibration: glycogen and other carbohydrates

1045 C-O vibration: glycogen and other carbohydrates

only CSE or GIE. The EC for CSE (30) alone = 30 and the
EC for CSE (10) in combination = 10. Therefore, the FEC
for the CSE compound = 0.33. The EC for GIE (2000) alone
= 2000 and the EC for GIE (500) in combination = 500.
Therefore, the FEC for the GIE compound = 0.25. Thus, the
FECI of the combination was 0.58 (Figure 3). These results
suggested that the combination had a synergistic effect on the
reduction in intracellular lipid accumulation. Intracellular
fat deposit formation for SIM exposure at 1.67 g mL™"
was significantly reduced by 54 + 1.37%, compared with the
untreated adipocytes (p < 0.05) (Figure 3).

3.4. Effects of CSE and GIE on Pancreatic Lipase Activity.
Pancreatic lipase assays were performed to investigate the
effects of CSE and GIE on the reduction of fat digestion
and absorption. The results indicated that CSE and GIE
inhibited lipase activity in a dose-dependent manner (Fig-
ure 4). Pancreatic lipase activity was also inhibited by CSE
and GIE. The half-maximal inhibitory concentration (ICs)
values were 2312.44 +176.55 yg mL™" and 982.24 + 44.40 ug
mL™, respectively.

3.5. FTIR Microspectroscopy. The FTIR microspectroscopy
technique was used to identify biomolecular changes in

groups of preadipocytes that were untreated, exposed to
1.67 pug mL™" SIM, 10 ug mL™' CSE, 500 yg mL™" GIE,
or CSE and GIE combined (CSE (10) + GIE (500)) when
they were adipocytes on day 10 after differentiation (day
0). Representative FTIR spectra for samples (wavelengths,
3000-950 cm™") are presented in Figure 5. The cells’ infrared
spectrum profiles for the different treatments were examined
for three regions: (1) lipids (3000-2800 cm™'), (2) proteins
(1700-1500 cm ™), and (3) carbohydrates and nucleic acids
(1300-950 cm ™). Detection of between-cell type differences
for the spectra was difficult to achieve using an examination
of only the raw spectra. Therefore, they were used for a second
derivative analysis (range: 3000-2800 cm™' and 1800-950
cm™") that more clearly and precisely revealed the bands’ peak
positions (Figures 6(a) and 6(b), resp.). The results for the
IR spectra band assignments for the samples are presented
in Table 2. They indicated that the spectral differences were
mostly in the lipid region (3000-2800 cm™"). Strong peaks at
2923 cm™" and 2854 cm ™! correspond to CH, asymmetry and
symmetric stretching frequency, respectively; both of these
were mostly associated with lipids, with some contribution
from proteins, carbohydrates, and nucleic acids [30]. The
signal intensity increases and increases in the areas of the
peaks at 2923 cm™' and 2854 ¢cm™' indicated lipoprotein
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F1GURE 1: Effects of C. sinensis extract (CSE) and G. inodorum extract
(GIE) used alone and combined on 3T3-L1 preadipocyte viability.
DIF = differentiated adipocytes; CSE (10) = CSE at 10 g mL™"; GIE
(500) = GIE at 500 yg mL™"; CSE (10) + GIE (500) = CSE at 10 Ug
mL™" plus GIE at 500 ug mL™". SIM (1.67) = simvastatin at 1.67 pg
mL™". Each value is the mean + SEM of three (replicate) experiments
and is expressed as population growth. The results are expressed as
mean + SEM values. Mean values followed by the same superscript
letter were not significantly different (p < 0.05, Tukey’s test).

fractions and the small contributions from carbohydrates
and nucleic acids of untreated adipocytes; they were greater
than the other peaks (Figure 6(a)) [31-33]. The lipid ester
C=0 stretching at 1735 cm™" for untreated cells had greater
signal intensities and band areas than the other groups
(Figure 6(b)). The peak signal intensities and areas for the
preadipocytes and the SIM, CSE, and CSE/GIE combination-
treated adipocytes at 1157 cm ™' indicated absorption peaks
for C-O vibrations due to glycogen and other carbohy-
drates [34]; they were smaller than those for the untreated
adipocytes (Figure 6(b)). The signal intensities and areas
of the peaks for the preadipocytes and the SIM, CSE, and
GIE and CSE/GIE combination-treated groups at 1650 cm ™",
1542 cm™', and 1234 cm™ indicated absorption peaks for
protein amide I alpha-helix (centered at 1650 cm™"), amide II
(centered at 1542 cm ™), and the functional group of the PO,
stretching mode, respectively. The changes of those treated
groups were mostly due to changes in nucleic acids, with
some contribution from phospholipids (at 1234 cm™) and
were greater than the untreated group (Figure 6(b)) [34, 35].

We evaluated changes in macromolecules for
preadipocytes and untreated SIM, CSE, GIE, and CSE/GIE
combination-treated adipocytes, the integrated areas of
the nucleic acid regions (1313-1294 cm™' and 1165-1142
cm™'), the regions for glycogen and other carbohydrates
(1255-1208 cm™', 1096-1073 cm™!, and 1054-1000 cm™}),
and the ratios for the integrated areas for functional groups
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associated with lipids and proteins (e.g., CH, (2938-2907
cm_l)/CH3 (2973-2954 cm™) asymmetric  stretching,
CH, asymmetric stretching (2938-2907 cm™')/amide I
(1673-1624 cm™')) [36]. The results indicated that the
integrated areas for the glycogen and other carbohydrate
regions in the preadipocyte and SIM, CSE, GIE, and CSE/GIE
combination-treated adipocyte groups were significantly
smaller than the untreated adipocyte groups. The integrated
areas of the GIE-treated adipocyte group nucleic acid regions
were significantly greater than the other groups (p < 0.05;
Figure 7(a)). The values for the ratios of the integrated
areas of CH,/CH; asymmetric stretching (i.e., associated
with the amounts of lipid acyl chain lengths of the lipids)
[36] were the greatest for the untreated adipocytes and
were significantly greater than the other groups (p < 0.05;
Figure 7(b)). The statistically significant reduction in the
values of the ratios of the integrated areas of CH, asymmetric
stretching/amide I in the preadipocytes and the SIM, CSE,
GIE, and CSE/GIE combination-treated groups compared
with untreated adipocytes (p < 0.05; Figure 7(b)) might have
been due to alterations in lipid and protein concentrations in
each sample. PCA was used for further analysis of the second
derivative spectra obtained for the six experimental groups.

Characterization of the spectral properties of biological
samples can be achieved using FTIR spectroscopy. The results
provide molecular information that varies with macromolec-
ular composition and reflects changes in the absorbance
of bands in the FTIR spectrum. IR spectrum molecular
fingerprint region absorbance bands in the mid-IR range
(4000-400 cm ™) are derived from individual structure- and
conformation-associated chemical bonds. PCA was used to
analyze the characteristics of the biological molecules from
the FTIR spectra [29]. This statistical data-reduction method
transformed the original values for the variables in the data
set into a new set of uncorrected variables (i.e., PCs). We
used the PCA to determine the wave numbers present in
the complex FTIR spectra that had the statistically significant
greatest spectral variation within and between treatment
groups. Similar spectra present within the dataset were
visualized using scores plots, and variables (the molecular
groups within the samples were represented by the spectral
bands) were identified using loading plots.

The PCA modeling revealed that distinct clustering of
the spectra from the treatment groups was visualized more
clearly with the two-dimensional score plot PCl compared
with PC2 (Figure 8(a)). The results from the PCA score
plot indicated that the clusters associated with the untreated
adipocytes and the GIE-treated group were separated from
the clusters associated with the preadipocytes and the SIM-
and CSE-treated adipocytes along the PCl axis (28%). Sim-
ilarly, the clusters associated with the untreated adipocytes
and the SIM-treated group were separated from the GIE- and
CSE-treated groups along the PC2 axis (22%). The spectral
regions that most contributed to the clustering (Figure 8(a))
were identified using the PCA loading plots (Figure 8(b)).
The PCl-associated discrimination was likely associated with
the positive loading in the C-H stretch region (centered
at 2834 cm™!) and the C-O vibrations associated with
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FIGURE 2: Results of Oil Red O and hematoxylin staining for intracellular lipid for six sample groups: (a) preadipocytes (nondifferentiated
cells); (b) untreated adipocytes, (c) simvastatin at 1.67 ug mL~'; (d) CSE at 10 Ug mL™%; (e) GIE at 500 Ug mL™; (f) combination of CSE at 10
pg mL™" plus GIE at 500 yg mL™" (original magnification x 100, scale bar: 100 ym; inset: x 600, scale bar: 20 ym.)

glycogen and other carbohydrates (centered at 1064 cm™).
These characteristics separated the negative score plot of
the spectra of the preadipocytes and the SIM, CSE, and
CSE/GIE combination-treated adipocytes from the positive
score plot of the untreated and GIE-treated adipocytes.
Taken together, these results indicated that untreated and
GIE-treated adipocytes had greater concentrations of nucleic
acids, lipoprotein, lipid acyl chains associated with mem-
brane lipids, and carbohydrates than the preadipocytes and
the SIM, CSE, and CSE/GIE combination-treated adipocytes.

The PC2 axis discrimination result between the positive
score plot for the spectra associated with untreated
adipocytes, SIM, and CSE/GIE combination-treated
adipocytes and the negative score plot of the spectra

associated with the preadipocytes and CSE and GIE-treated
adipocytes can be explained by positive loading of the PC2
axis in the C—H stretch region (centered at 2935 cm™" and
at 1662 cm™" (indicating amide I)). There was also negative
loading of the PC2 axis in the C—H stretch region (centered
at 2915 cm™" and 2850 cm ™! and at 1639 cm™' (indicating
amideI)).

4. Discussion

The doses used in the experiments were standardized based
on the results of preliminary screening of concentration
intervals. The concentration intervals from the MTT assay
that were not toxic and were not significantly different from
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FIGURE 3: Graphical representation of the effects of CSE and GIE
alone and combined on the percentage of intracellular lipid accumu-
lation in differentiated 3T3-LI cells, after Oil Red O staining. NON-
DIF = preadipocytes (nondifferentiated cells); DIF = differentiated
adipocytes (untreated adipocytes); SIM (1.67) = simvastatin at 1.67
pg mL™'; CSE (10) = CSE at 10 ug mL™'; GIE (500) = GIE at
500 pg mL™'; the mean + SEM values presented are for three
replicates. Mean values followed by the same superscript letter were
not statistically different (p < 0.05, Tukey’s test).

the control were used in the subsequent experiments. The
concentration intervals for the Oil Red O and FTIR assays
were obtained from the safety concentration ranges of the
MTT assay. The ranges for the lipase inhibition assay were
selected from the results of preliminary testing of the tested
extracts for the ICs,, of lipase inhibition activity. The results of
this study indicated that during adipocyte differentiation CSE
and GIE alone and the CSE/GIE combination induced statis-
tically significant reductions in lipid accumulation. CSE, GIE,
and the CSE/GIE combination suppressed lipid accumulation
without cytotoxicity. This antiadipogenic effect could have
occurred via one or more molecular pathways. Any or all of
them might result in lipid accumulation suppression during
differentiation.

Treatment of mice with the extract of C. sinensis mycelia
significantly reduces cholesterol and triglyceride concen-
trations and the synthesis of very-low-density lipoprotein
(low-density lipoprotein precursor) [37, 38]. Therefore, a
useful mechanism for obesity prevention might be inhibition
of preadipocyte differentiation. Our results revealed that
the range in CSE (10-40 g mL™') that could reduce the
lipid accumulation was much lower than the range in GIE
(500-2000 ug mL™'). The greater effect of CSE on lipid
accumulation inhibition may be because CSE has a total
flavonoid content and an alkaloid content greater than GIE.
CSE also contains cordycepin, which is a main active ingredi-
ent that can have strong antiadipogenesis effects. Cordycepin
significantly inhibits the biosynthesis of total cholesterol and
triglycerides in HepG2 cells [8]; it reduces oleic acid-elicited
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intracellular lipid accumulation and increases AMPK activity
[39].

In patients with diabetes, plasma insulin and glucose level
imbalance result in a reduction of triglyceride-derived fatty
acid membrane transport; this reduction results in increases
in the half-life of triglyceride-rich lipoproteins and remnant
particles [40]. There are many suggested mechanisms by
which GIE induces its hypoglycemic effect. This mechanism
supports the reduction of lipid accumulation [41]. In rats,
GIE leaf extracts can inhibit glucose absorption in isolated
intestinal tract tissue and suppress the increased blood glu-
cose. The triterpenoid saponin in GIE extracts can suppress
the high K*-induced contraction of intestinal smooth muscle
and affect the Na*/K* pump. Pump suppression results in
a change in the electrochemical potential of intracellular
Na*, which affects the Na"-dependent cotransport system
[7, 42]. Thus, our findings suggested that the mechanism of
action of GIE may be inhibition of intestinal tract glucose
absorption. The IC;, of GIE for the inhibition of pancreatic
lipase was 982.24 + 44.40 ug mL™'; previous studies found
that orlistat used as a positive control also has this inhibitory
effect when used at 68.23 + 6.67 ug mL™" [21]. Under these
conditions, the potential strength of orlistat on lipase activity
inhibition is approximately 13.7 times greater than the GIE.
Taken together, these results indicate that the inhibitory
effects of GIE on pancreatic lipase activity increase in a dose-
dependent manner. The enzyme pancreatic lipase has a sig-
nificant role in fat digestion via hydrolysis of triglycerides to
diglycerides and eventually to monoglycerides and free fatty
acids [43]. Inhibition of dietary triglyceride absorption via
pancreatic lipase inhibition likely represents a new approach
for obesity treatment [44]. The lipase inhibition results
indicated that the IC;, value of GIE was approximately 2.35
times lower than the IC;, for CSE. These results are consistent
with the results of Hengpratom et al. and Sirichaiwetchakoon
et al; Oroxylum indicum extract and Pluchea indica tea have
lipase inhibition activity, with ICs, values of 1062.04 + 32.21
mg GAE/g and 1708.75 + 335.85 mg GAE/g of dry weight,
respectively [21, 26]. Polyphenolic compounds can inhibit
enzyme lipase activity and reduce lipid absorption in the
intestine [44, 45]. Hence, the lipase inhibitory effects of both
extracts might be dependent on the total phenolic compound
concentrations in these extracts; the total phenolic contents
in GIE and CSE are 0.81 + 0.01 mg GAE/g and 0.14 + 0.01 mg
GAE/g of dry weight, respectively.

The antiadipogenic effects of CSE, GIE, and the CSE/GIE
combination in 3T3-LI cells were confirmed by FTIR analysis,
which is useful for detection of biomolecular changes in bio-
logical samples [29, 46, 47]. We used FTIR analysis to identify
spectral profiles of 3T3-L1 preadipocytes and untreated and
SIM-, CSE-, GIE-, and CSE/GIE combination-treated 3T3-L1
adipocytes. For the six different conditions, changes in the
cells were correlated with changes in the lipid (2964, 2923,
and 2854 cm™!), nucleic acid (1234 cm™ and 1084 cm™),
and glycogen and other carbohydrate regions (1157 cm™
and 1045 cm™") in the second derivative spectra. Compared
with the untreated adipocytes, the signal intensities and
areas of glycogen and other carbohydrates of the treated
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result significantly different from the control.
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FIGURE 5: Representative original FTIR spectra (3000-950 cm™")
obtained from 3T3-L1 cells at day 10 after differentiation. 3T3-L1
preadipocytes (n = 41); untreated 3T3-L1 adipocytes (n = 39); SIM
(1.67) = simvastatin at 1.67 pug mL™ (n = 49); CSE (10) = CSE at 10
pg mL™" (n = 98); GIE (500) = GIE at 500 ug mL™" (n = 76); CSE
(10) + GIE (500) = CSE at 10 ug mL™" plus GIE at 500 yg mL™" (n =
97).

adipocytes were significantly smaller after CSE, GIE, or
CSE/GIE exposure (p < 0.05). Hence, in patients with obesity,
decreasing the synthesis of glycogen and other carbohydrates
may reduce the rates of carbohydrate and lipid accumulation
(48, 49]. The results for the CH,/CH; asymmetric stretching
ratio indicated that compared with the other groups the
untreated adipocytes had significantly greater proportions of
longer acyl chains of lipids. The increases in the CH,/CH,
asymmetric stretching ratio proportions might have been due

to lipoprotein fractions involved in lipid storage and accumu-
lation of free cholesterol and cholesterol esters; these fractions
can be used as markers of adipogenesis from the preadipocyte
to the adipocyte stages [29, 50]. The lipid storage-associated
decreases in the CH,/CH; asymmetric stretching ratio were
also consistent with the Oil Red O staining results. The
result for CH, asymmetric stretching/amide I indicated that
the untreated adipocyte lipid/protein ratio was significantly
greater than the other groups (p < 0.05). Taken together, these
findings indicated that the lipid/protein results were virtually
the same as the lipid storage results.

The classification methods used in this study included
PCA, which was used to discriminate the clusters associated
with the six FTIR spectra from the different treatments. The
discrimination was based on between-group differences in
biomolecular composition (nucleic acid, amide I protein,
lipids, and glycogen and other carbohydrates). Significant
differences between the spectra from the six sample groups
were examined using a two-dimensional score plot obtained
from the PCA (Figure 8(a)). The loading plots revealed rela-
tionships among the six sample groups for variables that con-
tributed to clustering (Figure 8(b)). The score plot revealed
that the untreated adipocyte and GIE-treated adipocyte
clusters were separate from the clusters associated with the
other four groups along the PCI axis and accounted for 28%
of the total variance. Twenty-two percent of the total variance
was described with the PC2 score plot; the clusters associated
with the untreated adipocytes were clearly separated from
the clusters associated with the GIE-treated adipocytes. The
discrimination along PCl1 between the negative score plot
for the preadipocytes, SIM, CSE, and CSE/GIE combination-
treated adipocyte spectra and the positive score plot for
the untreated and GIE-treated adipocyte spectra can be
explained by the negative PC1 loadings for the preadipocytes
and the SIM, CSE, and CSE/GIE combination centered at
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FIGURE 7: (a) Integrated areas of notable nucleic acids and regions corresponding to glycogen and other carbohydrates and (b) CH,/CHj,
asymmetric stretching and CH, asymmetric stretching/amide I integrated area ratios for 3T3-L1 cells. SIM (1.67) = simvastatin at 1.67 ug

mL™'; CSE (10)

= CSE at 10 ug mL™'; GIE (500) = GIE at 500 pg mL™"; CSE (10) + GIE (500) =

CSE at 10 yg mL™" plus GIE at 500 yg mL™";

CH, antisym = CH, asymmetric stretch. The results are presented as mean + SEM (three replicates). Mean values with the same superscript

letter were not significantly different (Tukey’s test, p < 0.05).
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FIGURE 8: PCA of FTIR spectral ranges 3000-2800 cm™" and 1800-950 cm™'. PCA score plot (a) and PCA loading plot (b). Score plots revealed
distinct clustering between 3T3-L1 groups. SIM (1.67) = simvastatin at 1.67 yg mL™'; CSE (10) = CSE at 10 yg mL™"; GIE (500) = GIE at 500
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over a spectral range of samples.

2950 cm™, 2854 cm ™', 1153 cm ™', and 1022 cm™' and the
positive loading of the other two groups centered at 2834
ecm™!, 1650 cm™', and 1064 cm™" (Figure 8(b)). Similarly,
the PC2 loading between the positive score plot centered at
2935 cm™! and 1662 cm™! for the untreated adipocytes and
the negative score plot centered at 2915 cm™", 2850 cm ™,
and 1639 cm ™' for the GIE-treated adipocytes was apparent.
Taken together, these results indicated that this approach
could be adapted for the obesity biomarker development and
evaluation of the efficacy of obesity drugs in patients with
obesity.

5. Conclusions

In summary, the flavonoids were the important group of
phytochemical compounds found in both CSE and GIE;
alkaloids were found only in CSE. The viability of cells treated
with CSE (40) or GIE (2000) alone or combined (CSE (10)
+ GIE (500)) was not significantly reduced compared with
the preadipocytes (p > 0.05). The Oil Red O and hematoxylin
staining results indicated that compared with no treatment
the combination of CSE (10) and GIE (500) resulted in syner-
gistic effects on the reduction in adipocyte lipid accumulation

and significantly decreased lipid accumulation (p < 0.05).
The FTIR assay revealed that adipocytes treated with CSE
(10) plus GIE (500) had significantly lower lipid levels than
the adipocytes treated with CSE (10) or GIE (500) alone and
the adipocytes that were untreated (p < 0.05). The ratios of
the integrated areas of glycogen and other carbohydrates and
lipid/protein ratios in the adipocytes treated with CSE (10) or
GIE (500) alone or combined were significantly lower than
those for the untreated adipocytes (p < 0.05). These findings
indicated that the use of FTIR microspectroscopy combined
with the multivariate statistical PCA could be an effective
approach for classification of differentiated adipocytes.
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1) Aroon S, Hill Il G J, Artchawakom T, Pinmongkholgul S, Kupittayanant S, Thanee N
(2015). Ectoparasites associated with bats in tropical forest of northeastern Thailand. Journal of
Agricultural Technology;11(8):1781-1792.

2) Munglue P, Kupittayanant S, Kupittayanant P (2014). Effect of Watermelon (Citrullus
lanatus) Flesh Extracton Sexual Behavior of Male Rats. CMUJ NS Special Issue on Food and
Applied Bioscience;13(1):159-527.

3) Sukwan C, Wray S, Kupittayanant S (2014). The effects of Ginseng Java root extract on
uterine contractility in nonpregnant rats. Physiology Reports;3:2(12).

4) Teethaisong Y, Autarkool N, Sirichaiwetchakoon K, Krubphachaya P, Kupittayanant S,
Eumkeb G (2014). Synergistic activity and mechanism of action of Stephania suberosa Forman
extract and ampicillin combination against ampicillin-resistant Staphylococcus aureus. Journal
of Biomedical Sciences;11:21:90.

5) Kupittayanant S, Munglue P, Lijuan W, Promprom W, Budhaklala N, Wray S (2014).
Finding new agents in medicinal plants to act on the myometrium. Experimental
Physiology;99(3):530-7.

6) Kamonwannasit S, Nantapong N, Kumkrai P, Luecha P, Kupittayanant S, Chudapongse N

(2013). Antibacterial activity of Agquilaria crassna leaf extract against Staphylococcus
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epidermidis by disruption of cell wall. Annals of Clinical Microbiology and
Antimicrobials;20:12:20.

7) Mangprayool T, Kupittayanant S, Chudapongse N (2013). Participation of citral in the
bronchodilatory effect of ginger oil and possible mechanism of action. Fitoterapia;89:68-73.

8) Munglue P, Eumkep G, Wray S, Kupittayanant S (2013). The Effects of Watermelon
(Citrullus lanatus) Extracts and L-Citrulline on Rat Uterine Contractility. Reproductive
Sciences; 20:437-448.

9) Suwannachat A, Kupittayanant P, Kupittaynant S (2011). Contractile activity in the chick
uterus. Journal of Animal and Veterinary Advances;10:2986-2989.

10) Lijuan W, Kupittayanant P, Chudapongse N, Wray S, Kupittayanant S (2011). The effects
of wild ginger (Costus speciosus (Koen) Smith) rhizome extract and diosgenin on rat uterine
contractions. Reproductive Sciences;18: 16-524.

11) Promprom W, Kupittayanant P, Indrapichate K, Wray S, Kupittayanant S (2010). The
effects of pomegranate seed extract and beta-sitosterol on rat uterine contractions. Reproductive
Sciences;17: 88-296.

12) Kupittayanant S, Kupittayanant P (2010). The roles of pH in regulation of uterine
contraction in the laying hens. Animal Reproduction Science;118:317-323.

13) Kupittayanant S, Kupittayanant P, Suwannachat C (2009). Mechanisms of uterine
contraction in laying hens. Animal Reproductive Science;115:215-224.

14) Buddhakala N, Talubmook C, Sriyotha P, Wray S, Kupittayanant S (2008). Inhibitory

effects of ginger oil on spontaneous and PGF, -induced contraction of rat myometrium.

2alpha
Planta Medica;74:385-391.

15) Matthew A, Kupittayanant S, Burdyga T, Wray S (2004). Characterization of contractile
activity and intracellular Ca’’ signalling in mouse myometrium. Journal of the Society for
Gynecologic Investigation;11:207-212.

16) Jones K, Shmygol A, Kupittayanant S, Wray S (2004). Characterization of calcium-

activated chloride currents in rat and human uterine smooth muscle. Pfliigers Archiv-European

Journal of Physiology;488:36-43.
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17) Monir-Bishty E, Pierce SJ, Kupittayanant S, Shmygol T, Wray S (2003). The effects of
metabolic inhibition on intracellular calcium and contractility of human myometrium. Journal
of Obstetrics & Gynaecology;110:1050-1056.

18) Wray S, Jones K, Kupittayanant S, Li Y, Matthew A, Monir-Bishty E, Pierce SJ, Noble K,
Shmygol A, Quenby S (2003). Calcium signalling and uterine contractility. Journal of the
Society for Gynecologic Investigation;10: 52-264.

19) Pierce SJ, Kupittayanant S, Shmygol T, Wray S (2003). Effects of intracellular and
extracellular pH change on Ca”’ signaling and force in pregnant myometrium. American
Journal of Obstetrics & Gynaecology;188: 031-1038.

20) Wray S, Kupittayanant S, Shmigol T (2002). Role of the sarcoplasmic reticulum in uterine
smooth muscle. Novartis Foundation Symposium;246: 6-18.

21) Kupittayanant S, Lukas MJM, Wray S (2002). Effect of inhibiting the sarcoplasmic
reticulum on spontaneous and oxytocin-induced contractions of human myometrium. An
International Journal of Obstetrics & Gynaecology (BJOG);109: 289-296.

22) Wray S, Kupittayanant S, Shmygol A, Smith RD, Burdyga T (2001). The physiological
basis of uterine contractility: A short review. Experimental Physiology;86:239-246.

23) Kupittayanant S, Burdyga T, Wray S (2001). The effects of inhibiting Rho-associated
kinase with Y-27632, on force and intracellular calcium in human myometrium. Pfliigers
Archiv European Journal of Physiology;443:112-114.

24) Longbottom ER, Lukas MJM, Kupittayanant S, Badrick E, Shmygol A, Wray S (2000).
The effect of wortmannin, an inhibitor of myosin light chain kinase (MLCK) on calcium and
contraction in isolated human and rat myometrium. Pfliigers Archiv European Journal of

Physiology;440:315-321.

Conference Proceedings (Abstracts):
1) Jirawiwatkul N, Kupittayanant S (2016). Blood and Milk Leptin Levels in Thai Native

Cattle. Proceedings of the 17" AAAP Animal Science Congress, Fukuoka, Japan.
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2) Kupittayanant P, Kusolrat P, Moolpanich A, Thaeomor A, Kupittayanant S (2013).
Estrogen activities of winged bean seed oil in ovariectomized rats. Proceedings of IUPS2013,
Birmingham, UK.

3) Kusolrat P, Kupittayanant S (2013). The effects of Moringa oleifera Lam. seed oil in
ovariectomized rats. Proceedings of IUPS2013, Birmingham, UK.

4) Thanamool C, Kupittayanant S (2013). Tocolytic Effects of Talinum paniculatum Leaf
Extract in Female Virgin Rats. Proceedings of IUPS2013, Birmingham, UK.

5) Suwannachat A, Kupittayanant P, Kupittayanant S (2012). Shatavari (Asparagus
racemosus) extract can relax the myometrium. Proceedings of Physiology 2012, Edinburgh,
UK.

6) Munglue P, Eumkep G, Wray S, Kupittayanant S (2012). Uterine relaxant effects of
watermelon (Citrullus lanatus) extracts. Proceedings of Physiology 2012, Edinburgh, UK.

7) Kupittayanant S, Promprom W, Indrapichate K, Kupittayanant P (2009). Effects of Thai
pomegranate treatment in mammary gland uterus and vagina. The Journal of Physiological
Sciences 59 (Suppl.1): 336.

8) Kupittayanant P, Kupittayanant S (2009). Daily and rhythmicity of body temperature in
swine. The Journal of Physiological Sciences 59 (Sppl.1): 334.

9) Buddhakala N, Khat-Bhet N, Lijuan W, Kupittayanant S, Kupittayanant, P (2008). Effects
of noni fruit extract on intestinal contractility in rats. Proceedings of the 7" Joint Meeting of
GA, AFERP, ASP, PSE & SIF, Athens, Greece

10) Promprom W, Lijuan W, Munglue P, Kupittayanant P, Indrapichate K, Kupittayanant S
(2008). Estrogenic effects of pomegranate extracts in ovariectomized rats. Proceedings of the
7" Joint Meeting of GA, AFERP, ASP, PSE & SIF, Athens, Greece.

11) Chaowiset W, Kupittayanant S, Manakasem Y (2008). The effect of white Kwao Krua
[Pueraria candollei Grah. var. mirifica (Airy Shaw et Suvatabandhu) Niyomdham] crude extract
containing puerarin on vascular relaxation in the White Rat (Rattus norvegicus). Proceedings of

the 7" Joint Meeting of GA, AFERP, ASP, PSE & SIF, Athens, Greece.
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12) Promprom W, Kupittayanant S, Indrapichate K, Kupittayanant P (2007). Effects of
pomegranate extracts on rat uterine contraction. Proceedings of the 55" International
Congress and Annual Meeting of the Society for Medicinal Plant Research, Graz, Austria.
13) Kupittayanant S, Kupittayanant P, Lijuan W, Buddhakala N, Phaopongthai J (2007). Effects
of Kaempferia parviflora supplement on semen production and reproductive system of boar.
Proceedings of the 55" International Congress and Annual Meeting of the Society for
Medicinal Plant Research, Graz, Austria.

14) Lijuan W, Kupittayanant S, Yoohat K, Kupittayanant P, Chunlun S, Papirom P (2007).
Effect of fresh garlic supplements on serum cholesterol levels of boiler chickens. Proceedings of
the 55" International Congress and Annual Meeting of the Society for Medicinal Plant
Research, Graz, Austria.

15) Kupittayanant P, Munglue P, Saraphat W, Danoopat T, Kupittayanant S (2007). Effects of
ethanolic extract of Mucuna pruriens on sexual behaviour of normal male rats. Proceedings of
the 55" International Congress and Annual Meeting of the Society for Medicinal Plant
Research, Graz, Austria.

16) Buddhakala N, Kupittayanant S (2006). The effects of ginger oils on uterine contraction.
Proceedings of the 54" Annual Congress of the Society for Medicinal Plant Research,
Helsinki, Finland.

17) Kupittayanant P, Chasombat J, Suksombat W, Kupittayanant S (2005). Effects of bypass
fat supplementation on the oestrous cycle duration of early lactating cows. Proceedings of
AHAT-BSAS International Conference (The British Society of Animal Science and the
Animal Husbandry Association of Thailand), Khon Kaen, Thailand.

18) Kupittayanant S, Jones K, Shmygol A, Wray S (2003). The functional effects of inhibiting
chloride channels differ between rat and human Myometrium. Proceedings of the SGI Meeting,
Washington DC, USA.

19) Jones K, Shmygol A, Kupittayanant S, Wray S (2003). Characterization of calcium-
activated chloride currents in rat and human uterine smooth muscle. Proceedings of the

Physiological Society Joint Meeting with the Spanish Physiological Society, Tenerife, Spain.
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20) Pierce SJ, Kupittayanant S, Shmygol T, Wray S (2002). Effects of intracellular and
extracellular pH change on Ca’’ signaling and force in pregnant myometrium. Proceedings of
the Physiological Society Joint Meeting with the Italian Physiological Society, Liverpool,
UK.
21) Kupittayanant S, Burdyga T,Wray S (2002). The effects of inhibiting myosin light chain
phosphatase on force and intracellular calcium in human myometrium. Proceedings of the
Physiological Society Joint Meeting with the Scandinavian Physiological Society and the
German Physiological Society, Tiibingen, Germany.
22) Kupittayanant S, Burdyga T, Wray S (2001). Inhibiting Rho-associated kinase has little
effect in human uterus. Proceedings of the SGI Meeting, Toronto, Canada.
23) Kupittayanant S, Lukas MJM, Wray S (2000). Inhibiting the sarcoplasmic reticulum in
human uterus does not decrease contraction. Proceedings of the Physiological Society Joint
Meeting with the Hungarian Physiological Society, Budapest, Hungary.
24) Longbottom ER, Lukas MJM, Kupittayanant S, Badrick E, Shmygol A, Wray S (1999).
The effect of wortmannin, an inhibitor of myosin light chain kinase (MLCK) on calcium and
contraction in isolated human and rat myometrium. Proceedings of the Physiological Society
Meeting, Glasgow, Scotland, UK.
7.4053%8tdeh - Federeruemsdte uvdanu uazaniunmlunmshisen§ims3seqdas

udnlszanmiosaznila

Foterauemsis ﬁ%ﬁ‘wmmw@éf’mmﬂéﬁm‘ﬁaS‘Emmgﬂiuwgg’qﬁmﬁgﬂmmmm

HHaIN Y 1w -umneraoma lulaggsuis Qaulszum 2557)

ADIUNN YUTIPNUITY



114

v a
WIINIVY

1. Name: Sanong Suksaweang, M.T., Ph.D.
2. School/Institute: School of Medicine (Pathology), Institute of Medicine

3. University: Suranaree University of Technology
Tel: 044-223935
Fax: 044-223920

E-mail: suksawea@sut.ac.th

4. Degrees: Field / Date Awarded /Institute / Country
B.Sc. in Medical Technology with honor; Khon Kaen University, Thailand
M.S. in Experimental and Molecular Pathology; University of Southern California, United States of

America

Ph.D. in Pathobiology; University of Southern California, United States of America

5. Experiences:
Period Position Institution / Firm
1992 — 1994 Medical Technologist, Bumrungrad Hospital, Bangkok, Thailand
1994 - 1997 Medical Technologist Researcher, HIV/AIDS Collaboration, Nonthaburi, Thailand
1997 - 1998 Ph.D.Scholar, Allegheny University of Health Sciences, Philadelphia, United States of
America
1998 - 2000 M.S. Scholar, University of Southern California, Los Angeles, United States of America
2000 - 2005 Ph.D. Scholar, University of Southern California, Los Angeles, United States of America

2005 - Present Teacher, Suranaree University of Technology, Thailand

6. Publications:
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Young, N.L., Ponglertnapakorn, P., Shaffer, N., Srisak, K., Chaowanachan, T., On-Thern, V.,
Kittinunvorakoon, C., Bunwattanakul, A., Suksaweang, S., Pobkeeree, V., Punnotok, J. and Mastro, T.D.,
1997. Clinical field site evaluation of the FACSCount for absolute CD3+, CD3+ CD4+, and CD3+ CD8+ cell

count determinations in Thailand. Clin Diagn Lab Immunol. 4, 783-6.

Wu, P., Hou, L., Plikus, M., Hughes, M., Scehnet, J., Suksaweang, S., Widelitz, R., Jiang, T.X. and Chuong,

C.M.,, 2004. Evo-Devo of amniote integuments and appendages. Int J Dev Biol. 48, 249-70.

Chodankar, R., Chang, C.H., Yue, Z., Jiang, T.X., Suksaweang, S., Burrus, L., Chuong, C.M. and Widelitz,
R., 2003. Shift of localized growth zones contributes to skin appendage morphogenesis: role of the Wnt/beta-

catenin pathway. J Invest Dermatol. 120, 20-6.

Wu, P., Jiang, T.X., Suksaweang, S., Widelitz, R.B. and Chuong, C.M., 2004. Molecular shaping of the beak.

Science. 305, 1465-6.

Wu, P., Hou, L., Plikus, M., Hughes, M., Scehnet, J., Suksaweang, S., Widelitz, R., Jiang, T.X. and Chuong,

C.M.,, 2004. Evo-Devo of amniote integuments and appendages. Int J Dev Biol. 48, 249-70.

Suksaweang, S., Lin, C.M., Jiang, T.X., Hughes, M.W., Widelitz, R.B. and Chuong, C.M., 2004.
Morphogenesis of chicken liver: identification of localized growth zones and the role of beta-catenin/Wnt in

size regulation. Dev Biol. 266, 109-22.

Suksaweang, S., Jiang, T.X., Roybal, P., Chuong, C.M. and Widelitz, R., 2012. Roles of EphB3/ephrin-B1 in

feather morphogenesis. Int J Dev Biol. 56, 719-28.

Ngernsoungnern, P., Sartsoongnoen, N., Prakobsaeng, N., Chaiyachet, O.A., Chokchaloemwong, D.,
Suksaweang, S., Ngernsoungnern, A. and Chaiseha, Y., 2012. Plasma leptin concentrations during the

reproductive cycle in the native Thai chicken (Gallus domesticus). Anim Reprod Sci. 136, 115-20.
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Tsai, M.S., Suksaweang, S., Jiang, T.X., Wu, P., Kao, Y.H., Lee, P.H., Widelitz, R. and Chuong, C.M., 2015.
Proper BMP Signaling Levels Are Essential for 3D Assembly of Hepatic Cords from Hepatoblasts and
Mesenchymal Cells. Dig Dis Sci. 60, 3669-80.
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10. Awards:
Monbusho Foudation Scholarship for 2 years, Khon Kaen University, 1990 - 1991.
The Royal Thai Government Scholarship, MUA, To study M.S. and Ph.D. in the U.S.A for 5 and a half

years.

11. Research Interest
Clinical Pathology: Particularly liver cancer, HIV/AIDS, and Stem cells.
Developmental Biology

Social Medicine: Elephant and Human relationship
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W.A. 2547  Master of Science (Medical Science)
Uppsala University, Uppsala, Sweden
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Uppsala University, Uppsala, Sweden
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Oxford University, Oxford, UK
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