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Effect of cycloalliin on lipolysis and lipid peroxidation
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daddulusnzirasdnd wialuan1izi ‘mml isoprenaline (0.1 pM; I1SO-induced lipolysis) Wmmam’sw ISO-induced
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Abstract

Allium species (garlic and onion) are edible plants that are also used as herbal medicines. These plants have been
found to possess various pharmacological activities. Cycloalliin is one of the major organosulfur compounds found in
Allium species. The hypolipidemic and anti-obesity effects of cycloalliin were reported previously. However, its actual
mechanism of action has not been established. Adipocyte lipolysis plays an important role in the regulation of lipid
and glucose metabolism.Abnormal conditions of these metabolism can produce reactive oxygen species and usually
lead to hyperlipidemia and diabetes. The present study aimed to investigate the in vitro effects of cycloalliin on rat
adipocyte lipolysis and antioxidant activity. Adipocyte suspensions of two groups of rat (normal pellet diet (NPD)-fed
rat and high fat diet (HFD)-fed rat) were treated with cycloalliin in the absence (basal lipolysis) or the presence of
isoprenaline (0.1 yM; ISO-induced lipolysis). Cycloalliin at concentrations of 1, 10 and 100 yM inhibited ISO-induced
lipolysis in adipocytes derived from NPD-fed rats with free fatty acid concentrations of 581.47+67.79, 575.30+28.95
and 555.77+45.53 yM/mL packed cell volume/h, respectively. These results showed significantly lower levels than the
control (651.03+31.98 yM/mL packed cell volume/h) (p<0.05; n=5). However, no significant difference was found when
cycloalliin was tested on adipocytes derived from HFD-fed rats. Cycloalliin did not produce a significant effect on basal
lipolysis in adipocytes derived from both NPD-fed rats and HFD-fed rats. In terms of antioxidant activity of cycloalliin,
1,1-diphenyl-2-picrylhydrazyl (DPPH) assay and anti-autooxidation assay were applied. Cycloallin showed low
capability on DPPH scavenging. In anti-autooxidation assay, 48 h incubation of cycloalliin at concentrations of 10, 30
and 100 yM inhibited significantly autooxidation of linoleic acid, but after 72 h incubation, only at the 100 yM
demonstrated this effect. In conclusion, cycloalliin significantly inhibits 1ISO-induced lipolysis in adipocytes derived from
NPD-fed rats, and shows anti-lipid peroxidation activity. These may suggest that effects of cycloalliin could be related

to hypolipidemia and hypoglycemia.
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YN wasuazifianszuaunmsaansludu (lipolysis) lasande
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White adipose tissue (WAT) @aifuiftatfafuninmealu tawlsd hormone sensitive lipase (HSL) uazdji3en
Usznaudie white adipocytes snansowuldlunsiioufia  hydrolysis leilu free fatty acids (FFAs) uaz glycerol

l 12 s ~ o @ ' . . . =
qmadmmaziumm:mﬂu Junumanagea lipid  (Zechner et al., 2009; Zimmermann et al., 2009) TIWL

metabolism, glucose metabolism LLaz endocrine functions
(Avram et al., 2005) §1%3U lipid metabolism fl.’?u WAT S'f%\‘l
Lﬂmmdawé'wmﬁé']ﬁcy msmuqmmma%%waavlm
Juluioadudu ldun FFAs uptake, lipogenesis LLRaE
lipolysis ta%utlsenmuamsfidladuwdrldsnsnoesd
ﬂizmumsaiaﬂvlmil'uL%dwﬁiuﬁwvlﬁLLa:@@%uLﬁwgni:LLa
Aan F9519meaziinlasiu cholesterol waz triglyceride
(TG) vihgnszuaiiaa lawadblyséiu (ipoproteins) lwiian
Frudaes Soutisaandln 4 wfia Aa very low density
lipoproteins (VLDL), low density lipoproteins (LDL), high-
density lipoproteins (HDL) &< total cholesterol N131iN9@
LDL 88nanNIzuaRaanN1%n19 LDL receptor 319N182
vivazanladulugy triglyceride (TG) luiwad ludiu
(adipocytes) TnsLawnzagnsBefi WAT asnenmadasms

’jﬁluﬂuﬁﬁmu:é”mmmmLﬁ@]mﬂﬁuamuhﬁﬂugﬂ
TG ldunninaudnd (Avram et al., 2005; Goossens,
2008) ﬁﬂﬁt\‘lﬁdlﬁﬂ perilipin expression 808 Fodamald
I9NLLNANIZUINNNT lipolysis L‘ﬁlu“ﬁu (Wang et al.,
2003; Wang et al., 2011) ¥ luganufaunfzasszauly
dululfea (dyslipidemia) WkazlNan11¢ metabolic
syndrome (Wajchenberg, 2000; Langin, 2006) Tu
NI2UIUNNT glucose metabolism iadeladurinnusa
Aurunaaitormlauszndaitaans Lﬁamuqu GLUT-4
fivnminflaugs glucose nnszumbsaluifivasanly
nmeluisasds glucose Qﬂﬁﬂﬂl“ﬁﬂ%ﬁﬁé’d@i’ﬂ%
NITUINNIT de novo FFAs LWaz glycerol synthesis
(lipogenesis) BN glycolytic pathway (Wajchenberg,
2000) LasnIzuInnIT lipolysis ¥83 TG lu adipocytes ‘ﬁl
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iaduasvinliszau FRAs lunssumdaniintu Seiinada
AINITRINY glucose a1n glycerol, lactate LLas amino
acids (gluconeogenesis) uazlnade hepatic clearance
w09 insulin Bessnaliszauinaaludanindn (hyper-
glycemia) yliiia insulin resistance au e (Goos-
sens, 2008) “Umz‘ﬁl endocrine function LTaa LUl TIL1AE
§NEININ peptides ﬁﬁmma&wé’ty@ia adipose tissue,
endocrine, paracrine LR¢ autocrine signals (Kim and
Moustaid-Moussa, 2000; Poulos et al., 2010) ﬁd‘lfu
N32UIHNIT lipolysis F9TanudAYaL19NINaaN1s
muqm:é’uvlfuﬁuuazﬁwmaiuiwmﬂ

auuadaIe (free radicals) fia azaan luiana wia
ssUsenaufidaiinasewann (unpaired electron) Foug
1 5Lﬁﬂmawﬁu"l,ﬂag’lmaaa%ﬁﬁmmanq@ (outer orbital)
nllaiativsuaslumsfisansadig §isenldadng
daa"l:sﬁ'ua:maw%aimaqammmsﬁu6] Tufsa el
$19M8 (macromolecule) i W36 ladu wae DNA
Hudw alawafoandiadu (lipid peroxidation) 1w
nizmumsaan%m%"umaaﬂmvlmﬁuhﬂawaamz Jnifia
fulasusfieliduduszmusofiatuldiasluussenme
(autooxidation) LLﬂa%u@aumaaﬂﬁﬁ%mLﬂu 3 dunau Ao
%uﬁwﬁu (initiation) %mhma@ (propagation) LLaz%uéu
§@ (termination) nsztaumsimusaRadunszuIwms
anlgmnlifinnngad e (Adly, 2010) inlifaaywa
saszauldotnounnang (oxidative stress) auyadaIzdl
anuFuRusnunsiialiadeg wu lsausss lsan
#u lsaszuuialauaznasalfien Aizrasaldanalas
uds lsadadniauzanaasd (udu (Adly, 2010) Tunnaz
oxidative stress laglanzifiasiandenszuaunsata
WefaanGiadu wuidanuAedesagnseiunigly
Tuluiiangauazlsnlu1nim (Yang et al., 2008; Arora et
al., 2013)

ludagdunslaayulnsuazarwisganinia
umsunwndnmaianlunsinmlse Tufellasiuxa
unsndauditAsadasiulsanig metabolic syndrome #a
wlngjuazninfioy (Roaszna Alium) Rosyulnsluain
Boufinouiunlfsznanemis Tanimeandsdineni
wannany 1w aaszauluTuuazinaaluden (Ozougwy,
2011; Zeng et al., 2017) dwaanTiatis (Meriga et al.,
2012) WazaaANa2w (Yoshinari et al., 2012) tduan
lalaadad@uiduanslungu organosulfur Aiwvlunanin
I%EQLLa:ﬂi:LﬁUN (Ueda et al., 1994; Allison et al., 2006)
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ﬁqwﬁﬁwmmmﬂéutﬁamluﬁﬂ’;ﬂ angina pectoris 38
old myocardial infarction (Agarwal et al., 1977) a@mi‘ﬂ&"\‘l
apoB100 LazaaI=al TG Iutﬁamamks (Yanagita et al.,
2003) dawiiginmsvinu el quinone reductase
(Xiao and Parkin, 2002) Gsdailuawlasfly phase Ii
metabolism Aiiununlunstisiidaveaioaanain
198 (detoxification) ﬁaalﬁmsﬁmaaﬂ%m%’uﬁaglu
sremornnuleade (Hedges and Lister, 2007)
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seeuluiuluden msAnwitasauladnungnisvedlalas
daddudansaangludiulwosdluduannysn laouds
wiilu 2 ngu fa ﬂﬁjuﬁvlﬁ%fummiﬂﬂa (normal pellet
diet; NPD) LLa:mjm"i"L@Tmms"Lﬂuﬁuga (high fat diet; HFD)
lagudaznguazutiinsnaseusanidu 2 aniz fe lu
am'szl,ﬁnaﬁﬂﬂaLmzsl,uamazﬁ'Lmaﬁgﬂmﬁmﬁﬂﬁlﬁ@mi
aanelau snvslunsanwnassilisldnaseunnians
awaﬁmzua:ﬁmﬁﬂmﬂai’aan%m%’u (lipid peroxidation)
lasnasavlunasanasad (in vitro) Mo 2 353 Aa 1)
msmaaummmmm’tumnﬁﬁuLm:ﬂ'uﬂy'dawaﬁm:
‘ﬁlmﬁm DPPH (1,1-diphenyl-2-picrylhydrazyl radical
scavenging capacity assay; DPPH radical scavenging
assay) Uz 2) MINAFAUANNFNIIOLUMIeNHUHATN
panGLatudiiindwosveinsaludu linoleic (anti-autoox-
idation assay of linoleic acid) Naa’mmiﬁﬂﬂ’]ﬁﬁ]:"ﬁiﬂ
asunugniveslalaadaddsuilinadoluin uazaziiu
ﬁagaﬁuﬁqu%{mamé‘ﬁﬂmaamsﬁﬁmmsnﬁwmﬂu
ﬁagaLﬁaaﬁuém%'uﬁwmvlﬂLﬂuwﬁﬂﬁmsn‘qmmwﬁa
Uszgndldlfifadszlomilunmndfindaly
%ﬁﬁﬁ!@lﬂﬂ‘iiﬁ: Lmﬁ%msﬁnm

CRPIEY

(1S,3R,5S)-5-methyl-1,4-thiazane-3-carboxylic
acid 1-oxide (cycloalliin; CanNOsS; Wako chemical,
Japan), isoprenaline (Sigma, USA), collagenase type |l
(Sigma, USA), non-esterified fatty acid assay kit (Wako
chemical, Japan), bovine serum albumin; BSA (Sigma,
USA), 1,1-diphenyl-2-picrylhydrazyl (DPPH; C18H 12NBOG)
(Sigma, USA), ascorbic acid (CGHSOG) (Carlo Erba Rea-
gent, ltaly), linoleic free fatty acid (C18H3202) (Sigma,
USA), butylated hydroxytoluene (C15H24O) (Fluka, Swit-
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zerland), ammonium thiocyanate (NHASCN) (Carlo Erba
Reagent, ltaly), ferrous chloride (FeCI2.4H20) (Aldrich,
UsA) muaiinuaiildlunmmessailumnainasgu
ANUIEN

A8n1sdnn
1. msnagaugniaamsaaiyluai (Pubutr

etal., 2011; a5 3lv@nuaLazamuz, 2556) MNuazidua
M3 IMIURTMINATOLGIH

dninaaas

WUINIFENUE Wistar Lveie] siwein 150-200
g MMNAUdFaINanasuiITd wninadouias Jania
unstgn inpslukaasosdafnanaslasdszozamald
WaaE3n9 12 5219 (06.00 1.-18.00 w.) uazdla 12 F2lug
(18.00 %.- 06.00 w.) mﬂéfﬁaamuquqmmgﬁ ANUTY
waziEns SEmsdnsniAgidesiviainaasdldtiiums
ﬁumamgﬁaﬂﬁﬁ'muﬁ%'ﬂluﬁmfmaaw’mﬂm:ﬂimms
Pusrrumrideludaineass urminsduunansans
NanANLEBNIINAND (MUNULAY 0016/2554)

wunnudailn 2 ngu (nuas 8 ¢) Aeangu
Be9dIamIEaTNAaasTRaUng (normal pellet diet:
NPD) I%aWﬁwsﬁmfﬂ@aaamﬁ@ﬂmngm 082 (MWIUNY
11%; 138N C.P.Usznalng) nauddainaasiuiima
WANINYRUNAARN LLa:ﬂajmgm@Taﬂawmsﬁ@ﬁmaawﬁ@
ﬁﬁvlmﬁuga (high fat diet; HFD) lﬁgmmmsﬁm%mmﬁ
fladugsaunisnszes e¥m Mglodnuauazan:
(2556) Imﬂu&'ﬂmﬁwnuﬁm%g@’aﬂmmiﬂﬂalﬁaﬂ%'u
RNWRRBNAH mni‘”iuﬁdLﬁ§ymflummiém%'umiazmju
LR G’f;mhm:vlﬁ%'ummmazﬁuﬁmwamumm
@89N1T (ad libitum) ﬁwnﬁ%@ﬁmﬁﬂmamkmaL;"J"aﬁ'm
Hn1TINaaad LLa:amﬁuﬁnﬂTagaﬁmﬁﬂﬁwamhvun
Lwia:ﬁanﬂé'ﬂmﬁ%ﬁaL’éuﬁwnﬂimaaamu 3§k (Tu
7t 28) Lﬂ%ﬂﬂLﬁﬂUﬁ’]%ﬁﬂ“ﬂaG%H’ﬂﬁ};&l NPD uas HFD #i
PERIGIREE 9

N3LAIBN adipocyte suspension

Suft 28 ﬁmgmnﬁam‘%w epididymal fat
pads mnmyunﬁaﬂﬁju NPD &z HFD ‘[mﬁmgm%&ﬁﬁ
winfeurimsnasas nswilwesednsasulasnis
f9na 1inLen epididymal fat pads LS lnanudmmzad
ABLIIIUIU 1 6/ WF9inen (ﬁwmmﬁwﬁﬂ
epididymal fat pads/ﬁ'mﬁnéfm‘lémn) Wisfisusiwiin
epididymal fat pads ¥a3%iNay NPD waz HFD
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faLuNLa LT WRaaLaS epididymal tissue aan AT OR
@18 Hanks/BSA buffer solution aﬂﬂ%\‘l NM30@ epididy-
mal fat pads lidutwing suniezlifiedetulng
Unngas Welmilaiermadszana 051 mm? dag
LﬁaLﬁa@T’m collagenase enzyme (type Il) in Hanks/BSA
buffer solution ANNLTNL 0.5 mg/ml USH1aT 10 ml lag
1einl water bath ﬁqm‘ﬁgﬁ 37°C W 7-10 w1l awld
sunsuRTlanBazedetinug shsunaf ldunsasds
dhite 2-3 Tu ieusniteifeffizulnajeananisadly
fu daneBluondu 5 wid LLazgmLm%’wuad adipocytes
anuNLGY Hanks/BSA buffer solution 1311@3 40 mi 1ia
819 collagenase 8an URzLaTEN adipocytes suspension
18 Hanks/BSA solution taasaiu 1:1 (viv)

NINAEDU adipocyte suspension NU&13
Lﬁi)ﬁﬂﬂ’mﬂ?jﬁian’]iﬂa’mlﬂﬁ%

i lolaadaddufinadlu adipocytes suspen-
sion (ﬁvlﬁ"ﬂ”lﬂﬁ\‘lﬂﬁjw NPD %38 HFD) U3u1@3 800 pl
nageuluanzfiduazlig 0.1 uM isoprenaline (ISO)
UsmnasvasljisensaugnBivindu 1,000 pi Ualu water
bath ﬁqm%nﬂﬁ 37 °C w1 %L'JI&I\‘J sy sample
media %ulaﬁaglia'ma'wmmwia:ma@maaﬂﬂﬂu
naaaANAaadnal LLa:LﬁuvL’j"ﬁqmmgﬁ 20 °C asams
Jianedmzdunsa ldudaredald

AMFIATZARITZIUNIA T uda3e (Free
fatty acids; FFAs) 1 non-esterified free fatty acid kit
(Wako chemicals, Japan) LLazﬁ'@ms@@ﬂﬁmLmﬁmﬁuu
Tlaels microplate reader ﬁmmmﬂﬁu 550 nm N9
duwanszau FRAs Tuasazanadiadng laaldgas :

FFAs concentration in sample (uM) =

FFAs standard conc. (uM) x Sample absorbance

Standard absorbance

]
A

(A1 FFAs concentration in sample fénwioslea
wNNQmAY dilution factor uazifisuiiu 1 ml vas
packed cell volume "ﬁdﬁm‘ﬂ%izﬁu FFAs ﬁLLﬁﬁﬁ\‘l (LM/m
packed cell volume/h))

Lﬂ‘%m_u,ﬁyummLmﬂ@msw’mmjuLﬁavl,@i”%'uvlfn
Tnadaasufianududuuandnsiu

2. nﬂswﬂaaqu§ﬁwua%§a8asz

2.1 DPPH assay (Pulbutr et al., 2014)
Y8198 63.4 uM DPPH 180 L 11
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dnlolaadaadw 20 pL ﬁmmmsgmﬂﬁmmﬁmm IAA
515 nm I@l&ll’ﬁméad microplate reader %ommig@mﬁu
wasialdasulsiuaseiuLUSu tens DPPH Adsnainae
ag Tonweadudagazanuautalunndidvuay
fudseuyadasziiiafius DPPH (% inhibition of DPPH
dwmldamugas®), Sawazanusansnlumadrivus:
ﬁuﬁy'da%aamzﬁmﬁm DPPH l¢igg@ (maximum re-
sponse; R ) ez NI asITREINTANTULSS
ﬁuﬁy'dawaﬁmzﬁmﬁm DPPH ld3auaz 50 (IC_ ) 1/5oy
W Uuwaﬁlvlﬁﬁu ascorbic acid

2.2 Anti-autooxidation assay (a%m N7
I’ﬁaﬂ&lmmzﬂmz, 2554) 11 2.51 % linoleic acid 4.7 mL
dnllnadaasu 50 uL andwinan aliquot laflu mi-
crofuge tube &nSunnasey 7 Tu laslalu water bath
ﬁqm%gﬁ 40° C uazvn 24 Hlusaztinasazaigaanun
Ravaseeu lipid hydroperoxide (LOOH) Anadulasns
NARaU ferric thiocyanate 1A8¥NENTaLAENN 50 pL LA
75% ethanol 2.35 mL, 30% ammonium thiocyanate 50
pL, Lz 20 mM ferrous chloride 50 pL mnﬁuﬁﬂ’h WA
ﬁwvl,ﬂi'@@hmsgﬂnﬁmmwaamsﬂs:ﬂam%ﬁau iron
thiocyanate (FeSCN** complex) éﬁﬂm’%aa spectropho-
tometer ﬁm’mm’mé"u 486 nm ﬁ’mws@ﬂnﬁuuma:
uUIRWwO NI LOOH ‘%dL‘ﬂ%primary product 911
nsztaumsataaseandiatuiiatn dmIganan
wssiTaldindmndasazmsdumILia autooxidation
(% inhibition of autooxidation) AWgas” WTBULABLAY
Lmﬂ@i'mzwmﬂ@jwLﬁavlﬁ%fuvLsnIﬂaé’aﬁauﬁmmvﬁwﬁu
LANENINH LazlUSo U8 UNANL butylated hydroxytolu-
ene (BHT)

" gasfwImk % inhibition = (A -A__)x100

Control Sample

Control

(fa A
NENAILAY LRZENIRZANEA0E19 (cycloallin ®38 &13

A ' A
uae A A AMNIIAANNWLRIVBI
Sample U

Control

WIATFIN) ANEIGL)

Effect of cycloalliin on lipolysis and lipid peroxidation 249

afan1glunsdianidona

Tayaiauadipe1 mean ¢ S.D. uazldlsunya
Graph Pad Prism ver. 6 s 3énuwissmnen IC_ M3y
Lﬁwmmﬁm:ijmju fuiumsssseli a:14wa4
Independent-samples Student’s t-test #nSuiaeet
ANUUANEIIZAINNGY NPD uaz HFD Twdassiwin
MIVDIRUV? Wazsinwiinuas epididymal fat pads Lazas
l4&fid one-way ANOVA, LSD post-hoc test #1%5uU
"3me:ﬁmmLmn@i'mmhamjuLf'ia"l,@i"%‘umimaammﬂ
G ’Lumsmaaqu%fm adansdamIEany ludu uazms
maaqu%(maamﬂumiéﬁua%a‘ém:

NanNISAN®
1. Namiwmaaqu§dammmﬂwﬁu

1.1 Namaammwiaﬁmﬁnﬁwamg‘nn
Wazsinwiin epididymal fat pads %117 2 N§a fla NYuRAY
Alesuomnsnd (NPD) LLa:nsjthﬁvLﬁ%fuam'ﬁ"Lmﬁugd
(HFD) finnindaasusniy (ﬁ‘uﬁ 0) ¥y 137.50 +
4.33 g Uz 142.50 + 4.33 g MUK ﬁmgﬁv‘oaaamju
WsaRatSusNw 1 flandiaurinnmasas 3nsin
ﬁ'm'ﬁ%;aﬁmﬁﬂmamkﬂui’uﬁ 7 wudﬂﬁmﬂfﬂﬁmnﬁy’a
saangulaiuandraiu Faudsudt 7 lesulwenmsfinan
619110 wudﬂﬁmﬁﬂﬁkmaLﬁuﬁummmmmmﬂgm
laglungu NPD wazngu HFD fiinntnliuanenofiur
Tuda¥h 2 uas 3 ('?uﬁ 14 U8z 21) WaINTiREIaIY
IMIUANGINY 3 FUaA (fiu‘ﬁ' 28) wuiwﬁmﬁnﬁwn
n§y NPD uaz HFD Pt I@Uﬁﬁ’mﬁﬂﬁ%ﬂ@:&l HFD
(346.25 + 17.28 g) \MNNINgY NPD (311.25 + 20.27 g)
(p<0.01) (¢149 Figure1)

\Hadauen epididymal fat pads 984%1%
paNNUAZTIRRIN WL Wy HFD S minues
epididymal fat pads 1nn3N§u NPD (p<0.01) 63 Table 1

1.2 Wavedlslaadansudansaans laduly
LTAS LUIUINRYI7

lasvhnsdnsluas lusiuanwyan
2 gy fla N§a NPD uaz HFD Agnn221Und basal lipolysis
WazaN1 1SO-induced lipolysis Gsnansaansdavadle

'
v A

TUNAATUITUUSNUATINUTEAU FFAs l1 sample media

Qe

Wb
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400 - 4
[JNPD [ HFD =
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Figure 1 Body weight of Normal Pellet Diet (NPD)-fed rats and High Fat Diet (HFD)-fed rats for 0, 7, 14, 21, and

28 days. Each value represent the mean + SD (n=8). ¥ p<0.01, mean value was significantly different from

NPD-fed group at the same period.

Table 1 Epididymal fat pads weight of NPD-fed rats and HFD-fed rats at day 28

Weight of Epididymal fat pads (g)

Group (mean * S.D.; n=8)
Weight Relative weight / 100 g body weight
Normal Pellet Diet (NPD)-fed rats 4.20 £ 0.81 1.35 £ 0.26
High Fat Diet (HFD)-fed rats 8.53 + 1.52" 2.46 + 0.39"

Each value represent the mean + SD (n=8). # p<0.01 mean value was significantly different from NPD-fed group

1.21 fign12¢ basal lipolysis (69
Figure 2)
nguaruau (lifllolaadaddu)
wunau NPD 320U FFAs 1INl 327.23 + 47.08 uM/ml
packed cell volume/h lrlnadaasuinnuidadn 0.01 A9
100 pM wuiszau lifanauandramesdadionsoy
N TG RMEEY
NENAILANVAIAYNEN HFD Y
920U FFAs Wvinlu 330.82 + 13.06 uM/ml packed cell
volume/h #9320 FFAs f:"lxil,mﬂ@mmﬂmmju NPD i
anaz@saniu wasfiaduaslolaadassuinnuidudu
0.01 19 100 pM WUINI£AUVBI FFAS "lmwm@mmﬂmju
ALY
1.2.2 ‘ﬁlaﬂ’l’az isoprenaline (ISO)-in-
duced lipolysis (@4 Figure 3)
a%m%fuvﬁaé‘lmﬁmamhméjm NPD
ﬁ?uwa_l’iﬂ 0.1 uM isoprenaline (ISO) mminﬂ’i:ﬁum'ﬁ

aangluduldlasyinl#3zdu FFAs (651.03 + 31.98 pM/ml
packed cell volume/h) \fiaduasnsfiinddynosia
(p<0.01) LﬁaLﬂ%ﬂuLﬁﬂUﬁU%k& NPD luan11z basal
lipolysis LLa:L**ﬁuﬁ'uﬁumaﬂmﬁumamkméju HFD Wy
Isoprenaline vinl#32@u FFAs (587.12 + 93.14 pM/ml
packed cell volume/h) \fiaduasnsfiinddynosia
(p<0.01) LﬁaLﬂ%ﬂULﬁ&lUﬁU‘lﬁhb HFD lu&n11z basal
lipolysis LL@ivl,xiLL@m@mmﬂMHﬂeju NPD luannig 1SO-in-
duced lipolysis

lusn132 1SO-induced lipolysis
L8 UTUIMNAUNEN NPD lslaadaddudt 1, 10 waz 100
UM #3260 FFAs (581.47 + 67.79, 575.30 + 28.95 Waz
555.77 + 45.53 uM/ml packed cell volume/h @UR1AL)
AARIENARURIAYNIEDG (p<0.05) WoSsuifeuiiv
NRNAILAY sl,umm:“?iwamaju HFD lolaadaaaudi 0.01 A
100 pM WU132@U FFAs "l,xil,mﬂ@mmﬂmjumuqu
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Figure 2 Effect of cycloalliin on basal lipolysis in the adipocytes derived from (A) NPD-fed rats and (B) HFD-fed rats.

Each value represent the mean £ SD (n=5).
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Figure 3 Effect of cycloalliin on ISO-induced lipolysis in the adipocytes derived from (A) NPD-fed rats and (B) HFD-
fed rats. Each value represent the mean + SD (n=5). * p<0.05, # p<0.01, mean value was significantly

different from control group.
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Figure 4 Chemical structure of (A) cycloalliin and (B) ascorbic acid
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2. Namsnmaanqnﬁgﬁﬁua%a&aamx
2.1 DPPH assay (¢4 Table 2)
A1TUNAITIN ascorbic acid 71 0.1 T4
1,000 pM wu'j’mmsnL?TﬁuLLa:ﬂ'ug'da%aamzﬁLaﬁm
DPPH ldagnsmaisuy concentration-dependent man-
ner iU AT ldaaudfmBudummasay fitnan 60
wiflisueTansaousuasfianizaifi (steady state)

J Sci Technol MSU

LmzLfiaL'smmuvl,ﬂmmsgmﬂﬁuumﬁmsm&;wuﬂadﬁaﬂ
an luwned lalaadaddunuiniaufiseiu pPPH le
1 uazdarnaAauUfisendiann 7 10 £9 1,000 uM wu
i 30 wiftdslimusnd §Aseniu DPPH Ie uas
# 60 wift lwlnadadant,000 uM GunTuLasduds Ut
Saaefitadios DPPH aladl %inhibition 1fip 5.2042.17
(p<0.01)

Table 2 Percentage of radical scavenging activity (% inhibition), concentration to produce half of the maximum

response (|C50)' maximum response (Rmax) of cycloalliin and ascorbic acid (Asc) determined by DPPH assay

at different times of reaction period.

% inhibition of DPPH : Asc (%)’
Time (minute)® Rmax(%)b ICSO(pM)
0.1 uM 1 uM 10 uM 100 pM 1,000 pM
5 -6.48+0.88 -6.86+0.75 11.2645.37 34.65+13.39 93.65+4.11 93.65+4.11 155.80
30 -8.29+1.08 -8.29+2.39 24.26+4.08 68.18+9.99 93.98+0.71 93.98+0.71 24.56
60 -8.77+1.54 -8.46+2.24 30.24+0.71 95.42+0.29 94.66+0.97 95.42+0.29 14.99
Time (minute) % inhibition of DPPH : cycloalliin (%)° .
. R (%) IC, (uM)
10 uM 30 pM 100 uM 300 pm 1,000 upM
5 -5.79+0.93 -4.97+0.26 -4.91+1.03 -4.97+1.16 -4.78+1.40 N/A N/A
30 -6.35+1.36 -5.45£1.20 -5.41+1.22 -4.28+1.59 -0.74+1.52 N/A N/A
60 -6.24+1.69 -3.47+1.33 -4.09+1.42 -1.11+1.50 5.204£2.17 N/A N/A

?reaction time ® mean+SD (n=5)

2.2 Anti-autooxidation assay (94 Table 3)
maifieddaafeandiatusasniale

AUdRIY linoleic LLuULﬁm‘ﬁuLaaLﬁagﬂﬁﬂﬂumimmﬂ
wuinsalududase linoleic 9ziiia autooxidation lasiidn
mi@@ﬂﬁuuamﬁu%u (p<0.05) WazRIAN 24, 48 UAE 72
%’ﬂuwaamiﬁmﬁﬁ%m AmIganfuussfianlaiuaneng
N (p>0.05) LATNNURAIIN 72 %Laimmadmiﬁﬂﬂgjﬁ%m
dudull n3ifie autooxidation vadna lududass linoleic
fuwilituaass laofi 120 FalusvesnisvindAsendien
mi@@ﬂﬁuuaoéﬁmn A® 0.05:0.003 dsiulunsnasay
i3 whmmaseuins 5 Tu Namimaamﬂ%ﬁua‘ﬂﬂ
Lﬂai‘aan%m%‘waamimmgm BHT 7 0.3 ua® 3 uM W
71 BHT ﬁqw§ﬁmmmﬁm§‘ﬂmﬂa§aan%m%’ﬂugmmu
concentration-dependent manner LLa:ﬁnm 24, 48 U\

o o 1aaa £ a X
72 ‘ﬁ’JIﬁJG‘DﬂdﬂﬂiﬂﬁﬂQﬂiﬂﬁ BHT ﬁmmwwummw:

nm‘naam‘sﬁwﬂ;’jﬁ’%mua:é?ul,@iﬁnm 96 FlusmaIns
ﬁ’]ﬂﬁﬁ%ﬂﬁﬂﬂéﬁ]:ﬁlwﬂdﬁ mmzﬁqw’%ﬁuﬁﬂmﬂa?aan%
atuvasensazanlolnadassunuifivem 24 $aluwas
maiugisenlalaadaaduaenanilafienuduiudous
10 £9 100 uM firaan 48 S ludlalaadassusengns e
AT ITudnas Aa Goud 0.3 F9 100 uM Lwiwmmw?;
Fumainalaesoandiadusnasdarsiiuly (%
inhibition fiag 9anaq) Walseuiaylolaadasduiy
BHT 7 24 tluawasmsvhufisomuinlolasdadsui
30 waz 100 pM aNBINEELITU BHT A 3 uM (0>0.05)
uazfi 48 S lusvesmavu Ao lolaadadsud 10
Waz 30 uM HnsIndLAssiu BHT A 0.3 uM (p>0.05) uaz
ansvaslolaadaddui 100 uM Indiéseiu BHT 7 3 uM
(p>0.05)
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Table 3 Percentage of anti-autooxidation activity (% inhibition) of cycloallin and butylated hydroxytoluene (BHT)

determined from oxidation products of linoleic acid free fatty acid at different time of incubation period.

Time % inhibition of autooxidation (%)"
(h BHT (uM) Cycloalliin (uM)
0.3 3.0 0.3 1.0 3.0 10.0 30.0 100.0
” 2713 47.69 -9.52 -19.52 -19.65 43.84 51.42 68.12
18.28 +4.42 +5.41 123.65 +23.65 +26.30 +5.81 +16.38
48 44.75 61.03 14.57 10.66 20.92 35.74 44.44 64.49
15.25 +3.39 +2.52 +4.88 +7.13 +7.93 +3.01 +11.60
72 59.57 78.31 6.09 10.00 19.37 22.51 30.47 42.22
+11.41 16.49 +0.41 +4.99 +1.44 $3.01 +6.16 +11.14
96 49.85 70.20 -17.10 1.19 -21.85 7.08 -0.88 3.41
+7.40 +4.29 18.13 +12.95 15.41 +28.04 +19.20 12.70
120 56.53 83.65 -24.72 24.81 -9.03 36.00 -5.58 19.96
+18.75 16.72 +0.81 +2.02 +16.27 +27.27 +39.68 +5.65

?incubation period ® mean+SD (n=3)

Fsaluazaguua
Tumneseunadamsaangluduiafianssiming
#1988 NPD uaz HFD Tuwiud 7, 14 uaz 21 wuinl
LANA9RY TassAluind 28 ﬁfmﬁfﬂé"mhumﬂ@haﬁu
(p<0.01) BInadInanFaandasUMsANEYes Pulbutr
uazabe (2011) mmﬁumumaaﬁagaﬁmﬁﬂﬁmmm
wuldluga9nsiaesdous 2 - 4 §en¥ (Srinivasan et al.,
2005) ﬁaﬁmsﬁ%mnmju HFD ﬁﬁmﬁné”amnﬂ'j’mkb
ngau NPD o Lﬁaamnmmsvlmﬁugaﬁmuﬂs:nawaavlm
Tuduen (lard) %dﬁﬁiﬁﬂiﬁu%}} HFD fsiwiindaannni
#i NPD (Srinivasan et al., 2005) wazd ST WINY09
epididymal fat pads 1uwamsﬁﬂmﬁwuhmju HFD e
¥INNINgu NPD (p<0.01) §8aAR8INU Pulbutr LAZATA
(2011)

Lﬁ'aﬁmsmgﬂLmumsmaauﬁaumsﬁa'ﬁm
HaMIANEAIL Namiﬁﬂma%ﬁiumjmmuqu STREN
Lﬁymzwj’mﬂq’w NPD uaz HFD wuinmsaans lusiuaas
%Hmnﬁy’aaaaﬂa;wvl,aiﬁmwmmn@mﬁu (ﬁahama: basal
lipolysis LLae 1ISO-induced lipolysis) ?ﬁaaa@ﬂﬁaaﬁu Pulbutr
wazame (2011) uastiielRanifinusswinssasannizie
basal lipolysis Waz ISO-induced lipolysis W11 isoprena-
line mansaiiumyaaelusiwlusadlsiule isoprenaline
finalniilu non-selective beta-adrenergic receptor agonist
sanalWarey cAMP mglwaadifintn tRumsvnauaas
wowlosd HSL Tunsaane'lusiu (Zechner et al., 2009; Zim-

mermann et al., 2009) ﬁam’;: ISO-induced lipolysis f
mysag lrdulwead luiuannmuunigandianiie basal
lipolysis (p<0.05) (ﬁuluwna;w NPD usz HFD) lnomny
mju NPD uaz HFD lu&n11e 1ISO-induced lipolysis fyzqu
FFAs tntwiluonas 198.95 uaz 177.47 wasanne
basal lipolysis AMURNGL KAAARAINL Pulbutr LA
(2011) uas Zhang uazAmks (2009) filuannaz 1SO-in-
duced lipolysis 320U FFAs Wnutasas 191 uaz 196
I8N basal lipolysis aMUS1AU
\fafinsonwavadlalaadaasudomsanslaiu
wuinlolaadaasuiinnaududu 1, 10 usz 100 uM s
ﬁu5’0mmmﬂ"lmﬁuslwnaé"lmﬁumam%mju NPD fignnae
ISO-induced lipolysis (e i Tnadanmsaasluduluioad
"Lmﬁumﬂ%hmtejmﬁmﬁuﬁama: basal lipolysis Snwalaidl
wadiansaangluduvasngs HFD Tusmasanniz) qw?;
Tumsiiufamsaagludufienududu 1, 10 uaz 100 UM
Mlszdumssansladuanaaniaesas 89.31, 88.37
WAz 85.37 TBINFUAILAN AW mﬂam‘mmfﬁ
msaanglaiuasrinliszau FRAs lunszumdaaiindn
uaz FFAs Jnadadaan1aLiia gluconeogenesis Laziinag
@@ hepatic clearance 284 insulin %dﬁmﬂlﬁi:ﬁuﬁ’lma
sl,ul,ﬁamﬂlu%u WDNUAANIIL insulin resistance LAz
Wawdulsaiwmnuled (Avram et al., 2005; Goossens,
2008)insulin (uasAdgnssudomssaelaiuwldlasly
ﬂixéjuﬂ’riﬁﬂ\‘nwuadl,auvlmﬁ phosphodiesterase type 3B
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(PDE3B) &4KAlA cAMP agad 398N hydrolyze TG
MltaansUantaas FFAs a0 adipocytes (Zechner et
al., 2009) 8n¥19 Zhang WazAmK (2009) ANHIWLF met-
formin fnalnm3aaszdusienas laemsiudonmsaangla
Tuvasimasliuiilesy isoprenaline Ieiguin Tapvinly
NMITUTEI PKA ez MAPK1/3 8083 LAz INAANIZaL
cAMP lalaadaddmiumssznavsaiunludanofiny
anluransziisuuaznanialng (Ueda et al., 1994; Al-
lison et al., 2006) waiazdsliiNoNunavedlolaadaddn
danmsaasziuinaaludaalannss weiInTayanuin
wonmwuasnanfioadgnimandrinenfisaninan
sedutinanauazluduluden uazananudiwld (Ozoug-
wu et al., 2011; Yoshinari et al., 2012; Zeng et al., 2017)
Usznevfivansdsznavlungueasunludaneinasiia
lunawmlngjuaznsziion wohmsnsnaaszauios
Twdea wazuemsdnernugniaaszauloiuluden
(Sheela and Augusti, 1992; Kumari and Augusti;1994;
Hsu et al., 2004) ﬁagaﬁndnmﬁﬂﬁﬁummLﬂuvl,ﬁ"lm”
eslalaadassuarafiununlumstisaassauinaa
Tudaauazinsiuiniwld lasnalngrunitsena
Agrdasiumstudimssaelaiun wazhauladneng
YoITNTHADTTU CAMP Uas signaling pathway Aifiadas
st'lztm%{maamamaaﬁmﬁu@ugﬁuﬁa metformin 374
feasdnmnadasziutinaaludenludainasasdaly

il Lipid metabolism 1Agdasiumssaneluduiiazaul
wraa S dundsns lasandoiawlod HSL vinlw lusiu
TG wapwilu FFAs uaz glycerol &9 FFAs lwdanasiu
Aulusdudarings lRaTerzans g va93n19me FFAs
Lﬁﬁg}%vﬁaﬁuaﬂu‘[maum%yLﬁasjayﬁmﬂﬁ’lﬁwﬁaa’mﬁm
1§58 B-oxidation minfiszdiu FFAs lwidanfigousnis
wnnanadwwasnuwldnuazildiiangladuluibes
Aaundld wuiluauiiinnzsmnd perilipin expression
8AKd (perilipin Lﬂuiﬂiﬁ%ﬁﬁ’mﬁu lipid droplets ilasn
HSL wWawsw TG Whilu FFAs) denalis1snieiiia
NITLUINNIT lipolysis Lﬁlwﬁmm:ﬁszé’u FFAs L‘Wlwﬁu
(Wang et al., 2003; Zechner et al., 2009; Zimmermann
et al., 2009; Wang et al., 2011) fliszavlvduluion
Aadné (dyslipidemia) "f}\‘lLfﬂuﬂ'ﬂ’gﬂLéﬂdﬁﬁ%ﬁﬁfy“ﬂadﬂ’]ilﬁ@
lsanaaaiiaauasiila waz metabolic syndrome (Wa-
jchenberg, 2000; Langin, 2006) g lwandu (niacin) G'f%dl,fﬂu
snaaszavludulwdoafioongnitussnsaansluduwlu
LTRSS lasenz AL nicotinic receptor Tuirad ladn
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FINAYIN A3V UvBY adenylate cyclase aARd CAMP
ANRI AANNTHNNUVBI HSL ﬁ’]vlﬂ';jﬂ’lsﬁuﬂv'aﬂﬁamﬂvlm
T LaTNIIAATTeU LT TG, LDL-cholesterol, total cho-
lesterol luiiaa (Schandelmaier et al., 2007) é’dﬁyfumsa@
nyzvumIaan s lududainliseduledulutoasaasle
msinansansluassianuinlolaadaddusiuisa
Fufanssuawmsaansludu dsiuanslolaadassuenaay
fanslumstisaaszauludulwdonldisuiu Uszneuiy
ToYanan1IAN®IVed Yanagita uazAmMs (2003) Aiwy
Jansnanlolaadadduluemisladugelinyaniu
Uremumu 2 daiannnnas TG lwdaald laswuia
$ouaz 0.1 Uaz 0.3 VaILSINmOMITINNA Finlazdy
TG luidaaaaasiisionas 39 uaz 44 V0INFUAILAN AW

o @ '

fou asndlsnanulolaadadduliinadeszeuluiusia
aug snnolifinaseluduludy Lifwsasuwudasns
vnouvastewlaidsltlunmsdesesd 16 Adu Tagld
afAUNoralINMsfilolaadassumunsaaaszauludulu
BealdiinliAedosiumstiudimsfnasesd Te Taya
Ansnuwi i lolasdasswinasiununde lipid
metabolism uazfignsaaszauluiuludenldlasansly
nalnnsiufsnsaansledu arsdnsdnsiRuidud
navl,nmsaaﬂqn‘gﬁ LT% WA nicotinic receptor LIluei
nnmsanenluassiinunlolasdaasuiinaiuds
miaaeludulwasdladiuanwuen NPD luan1iz 1SO-
induced lipolysis I@]tlvlajﬂi’]ﬂg]fméﬁuL‘Iiﬂiﬂ“llﬁ%ﬁ]”lﬂwlé
nga HFD Tusnnizdieniu exaduwldldiaadluduan
%HﬁaaaamjuﬁmmLmn@mmaaﬂavl,nmsaanqwﬁ NN
MINLMIWITIUNTINWLTUTaS [ uanwunga HFD b
§N17 epinephrine-induced lipolysis Inmssansluiuaa
auﬁmﬁwﬁumjw NPD Lﬁ@dﬂﬂﬂ%&ﬁlﬁ%ﬂ@ﬁ%ﬁﬂ‘ﬂﬁ%gd
A MALAAANNUANIaIV89 adrenergic receptor signal-
ing LAZNANILUIW N1T phosphorylation 983 HSL il
nszuaumsaansludwialdaaad (Gaidhu et al., 2010)
LAZANNNNTANBIVES Bost LazAE: (2005) WUIWDAS 1
AuaIH WAT mn%gmjuﬁl HFD 11w ERK pathway (8
UNUINADNNIAILANMTAAT o'lusTu) mmsngﬂﬂizéjuvl@i”
ANNIINgNAL NPD &9nalALoas 12duanny HFD ifia
mimz@jumzmumiamavlmﬁuumﬂ%u NnTayatn9
sumsfisnslolaadassulimunsneangns waadluiv
V2IWUNEN HFD o znalnmssangnivedlalaada
faudanuiAsdesiy adrenergic receptor signaling L&z
NILUIUNIT phosphorylation 183 HSL %%at,ﬁ'mﬁu ERK



Vol 37. No 2, March-April 2018

pathway Aiilwle Lfiaﬂavl,ﬂé‘faﬂdngﬂLﬂﬁmuﬂaﬂﬂmﬂ
Un@lununga HDL Fsiugniveslalaadassuiely
sansarihemld arsdnsnalnildindudely Snvislu
nansansaSiifinuinlolaasaaswlinugnslunis
Fudsmysaelsulwaadlufuluaniiz basal lipolysis
maaﬁy'm& NPD uaz HFD awganaduiwsziaas ludiu
#ignnz 1SO-induced lipolysis aztnszduMIFA el
UNzIZaU FFAs ﬁﬂﬁmnmmaanmamﬂ"ﬁ(ﬁug’dmsamﬂ
luiuraslolaadaddulnnglddanuainnitfianiae
basal lipolysis ﬁwjaﬁlmﬁuvlaivlﬁ%'unﬂsns:ﬁmmﬁam']s
aangludin

DPPH assay {WikmInagaugnosuaendiadn
Anoulfograuninmenszazainuazinlaing 554l
ﬁmsmmmmmsnlumnﬁw%’uLLazEqulv'aa%aﬁmzﬁ
\&fies DPPH (scavenging capacity) G'Iii dunalnmsvinem
meﬁwaamiﬁmawaﬁmz (Valko et al., 2006) DPPH
HuonyadwszfiativslihdanmsifeUfissimdousuya
Saszﬁ"ﬂﬂstwzﬁlﬂsaa%fwﬁﬁalﬁﬂmamﬁmﬁgnmﬁa
#2829WAI% (benzene ring) 3 ¥ lRBndanIAa
Ufi38n (Molyneux, 2004) Msdnuauyadaszuiziinana
Tisansarhuasennu DPPH l¢ wiaiiadfizenletn
ninanuuess welituiulassarenaeiivesans
(Brand-Williams et al., 1995) ascorbic acid Wuans
mmgmﬁﬁqn‘%{ﬁma%aﬁmzLLa:Lﬂumsﬁﬁ scavenging
capacity ‘ﬁlﬁ (Valko et al., 2006) mﬂwamiﬁﬂmiuﬂ%’aﬁ
WU ascorbic acid 10 §19 1,000 pM &ANTOENIVUAS
Ej'ug'aawaamz DPPH lugﬂLmusﬁuﬁumwmﬁuﬁmmzﬁa
steady state Mlu 60 wifl flé IC_ (30 wifl) Wiy
24.56 uM Geanlndidseiumsdnsnvasmsdnuniug f
fen IC50 Uzt 25-29 MM (Hasan et al., 2009; Hassine
et al, 2012) wamsnamougnsvesanslolaadassuny
4 1,000 uM mmsnL“ﬁ’ﬁmm:ﬁuEly'aa%aamzﬁmﬁm
DPPH 1dinan 60 wifiiluduly wazSaniiAnduiiie
svazamrinl % inhibition vaslslaadaasu (7 60 wf)
fianfissSauar 5.20£2.17 nlassasvadlolaadafdn
Afhoumin 6 aDY 1 uaziny carboxylic acid 1 Wy
(Ichikawa et al., 2006) %umn@haﬁnﬂ ascorbic acid ‘ﬁlﬁ
IR 5 LR 1 Nﬁﬁ%g hydroxyl fid 4 %y (Valko et
al., 2006) ¢4 Figure 4 lagun@ng hydroxyl Lﬁuwgﬁﬁ
anumansalunslwdidnasaniussanlda s1sfid
41WI%AY hydroxyl ANTUE scavenge NuU DPPH JECH
(Brand-Williams et al.,1995) mﬂﬁaga%qﬁuﬂ'ﬂ&immm
a@ﬂvlﬁﬂﬂvlsnlﬂaé’a’ﬁSmﬂumsﬁ’ma%aamzﬁﬁqw%{dau
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(weak antioxidant) L‘I‘iadﬁ]’m DPPH assay Juitnesau
anslunalniilu radical scavenging LNt L8N
fns1v89 Xiao Waz Parkin (2002) Wuin lolaadafduing
GiaLaw ol quinone reductase %aLau"Lsﬁﬁf:ﬁmﬂuLauvlmﬁ
14 phase Il metabolism ﬁﬂﬁmlﬁmsﬁmawaﬁmﬂu
$19morinuleadu (Hedges and Lister, 2007) diasinle
Iﬂaé’aﬁauﬁaawaﬁqw%uej ﬁtﬁmﬁaaﬁumsﬁma%a
BrH

lunInesew anti-autooxidation assay WUANIA
lsiudass linoleic 1A autooxidation leuaziiiarialy 24,
48 uaz 72 Faluawuinszdunisiia autooxidation T 3
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