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Aim: To investigate antidiabetic effect of the leave
essential oil of Cinnamomum osmophloeum Kaneh (CO)
and the associated mechanisms. Methods: CO was
prepared with leaves collected from a research farm
of National Chiayi University by using
hydrodistillation technique and analyzed with GC and
GC/MS. In vivo study using STZ-DM Wistar rats that
gavaged with CO or cinnamaldehyde (CA) for 3 weeks.
Glibenclimide (GBC) was as positive control. In vitro
study using cultured C2C12 myotubes that pretreated
with CO for 2 hours. Results: The major composition
of CO was linalool which represented 40.24%, while CA
only represented 6.87% of the composition. CO showed
hypoglycemic effects that associated with improved
peripheral and pancreatic insulin content and HOMA-IR
value. During the OGTT period, CO lowered glucose
accumulation and elevated insulin, GLP-land GIP
accumulation in peripheral blood. All tested doses of
CO ameliorated microalbumin urea and BUN, but CCR and
GFR were improved only by higher doses. CA and GBC
only improved BUN but not other renal function
parameters. In general, CO reversed diabetes-enhanced
oxidative stress and inflammatory condition in
pancreas, skeletal muscle and peripheral blood to an
extent greater than that of CA and GBC, including
lowered TBARS, IL-18, TNF-a, and NO levels, and
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elevated SOD, GRd, and GPx activities, and total GSH
content. All tested doses of CO ameliorated IR-beta
expression, Akt phosphorylation and PI3K activity in
skeletal muscle in which 12.5 and 25 mg/kg of CO
showed more effective than that of GBC. CA improved
Akt-thr phosphorylation and PI3K activity but not IR-
beta expression. In the presence of insulin, 0.2
rwg/ml of CO elevated the expression of IR-beta and
GLUT4 and the activity of PI3K, while 2 wxg/ml of CO
elevated Akt phosphorylation and glucose uptake
capability of cells.Conclusion : linalool-type CO
possessed an anti-diabetic effect via improving
insulin secrotory activity and insulin sensitivity
and ameliorated the progressing of diabetic
nephrapathy which was more effective than that of CA
and GBC. The machanisms attributed to such activity
of CO including anti-oxidative and anti-inflammatory
effect of CO. In vivo and in vitro evidences showed
that CO-improved insulin sensitivity was associated
with improved insulin signaling protein expression
and activation.

anti-inflammatory ; antioxidant ; cinnamaldehyde ;
C2C12 cell line:; Cinnamomum osmophloeum Kaneh ;
diabetes ; insulin-sensitivity; linalool ;
nepharapathy ; rat; streptozotocine
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Aim: To investigate antidiabetic effect of the leave essential oil of Cinnamomum osmophloeum Kaneh (CO)
and the associated mechanisms. Methods: CO was prepared with leaves collected from a research farm of
National Chiayi University by using hydrodistillation technique and analyzed with GC and GC/MS. In vivo
study using STZ-DM Wistar rats that gavaged with CO or cinnamaldehyde (CA) for 3 weeks. Glibenclimide
(GBC) was as positive control. In vitro study using cultured C2C12 myotubes that pretreated with CO for 2
hours. Results: The major composition of CO was linalool which represented 40.24%, while CA only
represented 6.87% of the composition. CO showed hypoglycemic effects that associated with improved
peripheral and pancreatic insulin content and HOMA-IR value. During the OGTT period, CO lowered glucose
accumulation and elevated insulin, GLP-1and GIP accumulation in peripheral blood. All tested doses of CO
ameliorated microalbumin urea and BUN, but CCR and GFR were improved only by higher doses. CA and
GBC only improved BUN but not other renal function parameters. In general, CO reversed diabetes-enhanced
oxidative stress and inflammatory condition in pancreas, skeletal muscle and peripheral blood to an extent
greater than that of CA and GBC, including lowered TBARS, IL-1B, TNF-a, and NO levels, and elevated
SOD, GRd, and GPx activities, and total GSH content. All tested doses of CO ameliorated IR-beta expression,
Akt phosphorylation and PI3K activity in skeletal muscle in which 12.5 and 25 mg/kg of CO showed more
effective than that of GBC. CA improved Akt-thr phosphorylation and PIsK activity but not IR-beta
expression. In the presence of insulin, 0.2 pg/ml of CO elevated the expression of IR-beta and GLUT4 and the
activity of PI3K, while 2 ug/ml of CO elevated Akt phosphorylation and glucose uptake capability of
cells.Conclusion : linalool-type CO possessed an anti-diabetic effect via improving insulin secrotory activity
and insulin sensitivity and ameliorated the progressing of diabetic nephrapathy which was more effective than
that of CA and GBC. The machanisms attributed to such activity of CO including anti-oxidative and
anti-inflammatory effect of CO. In vivo and in vitro evidences showed that CO-improved insulin sensitivity
was associated with improved insulin signaling protein expression and activation.

Keywords: anti-inflammatory; antioxidant; cinnamaldehyde; C2C12 cell line; Cinnamomum osmophloeum

Kaneh; diabetes; insulin-sensitivity; linalool; nepharapathy; rat; streptozotocine
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4~%‘ﬁ~-£#«‘¥ HacEE [20-22] 0 FlA o g F ORGSR LITH L AR ISR R hE

‘i‘ SSLER ] LT ER I R LG RELS S B Ear i - o
prostaglandins and related enzymes (e.g. cyclooxygenase) 2 7& it B ciyfe fi o 8 L i®* §_ 4 R
4T dePrak g 0 lASiE f e [24] 2 B imve % B [25}m;§¢§)§zﬂo;@; Hu A pE gtk ¥
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B A s - FEIRE R E [26,27] 0 7 4R E4p 0 ftype 2 DM o & ek B A L9 2 NOA
2 [28] » B RSl MR E 4 u ch ?o BB SBEE SR & fbclamp procedure M4F & (£ & HER
i~ 2 AgFmonocytes AR BER T B AP BHERI EINF-a 2 3 Uitwmemd kr H 2
29-31] iz mie ik W2 BAEAE T M2 ¥ 0% R Swiedfd o F v RIS EL At
Wesms wihf B INOS £ A N0 224 [32-35] - & STZ-DM~ &=~ ¥ # ¥ F1L-1 8 & TNF-
akBEFVH (3] - A5 BF Liwe gt AR 2 NFABLFMREVRNE F B2 3 LR E[36];
SRR TR LA A WG § R AR e NFoB [37] 0 2 % fdb/db mice v
FPFRR P T T E TV L g B i FAEAT R [38] 0wt b 3 R R AT & R A
RINF-a k& s 3B RBETHFBR DI BTHRA BB F L [39] 0 F 1 2 NF-kBf 3 &:3F 5
W LR e AT e LR EMaEE s [40] 0 ¢ #EINF-a - NF B &M TR RE
B O S B OR A 0 FRINF B TR SRR T ROR R B [41,42] -

(E)FEF MBI RIFFRELFAY

o AR L e d2sE e #5732 p 3 (Cinnamonum osmophloeum kaneh. ) ~ Jip 42
(C. insulari-montanum) ~ p #~ 4 #(C. japonicum)fr# = p $£(C. macrostemon) » e # ¢ 12 4 @
T L EHE[43,44] 0 i PR P B o X Sk A RIREI BT B RS g L R E
AR rEz dp pERA LTS BEEL S ATEA (D) BAER 0 (2) A
A T a0 (3) A e ffadl 0 (4) trRAm(linalooD)?] @ (5) #6312 (6)i £4) [45] - &
Bt FA ) p i ERHARE TR PSS TREFIRRY G E -

MA@ gt AR B B2 TP élgkt‘ ’}’#f_] ARSI SR = X B R - NeAS L el
BAEF M FlaF S AR B REMRET AR RE BE R A
FLo ViR A~ B JE R o T E RS FF IR p R A A AN D G R
o o RPURR R F L SR R REE o d 3N 2 ) P RER B SR R
BRI L REEY VR B EERARERE R E R R G M ok E R
(ERAE L NG (I R A Sl SETER ) Rl et Ll

#if v B Chua et al. [46]12 ~ %3 ¢ 42 n-hexane (Hex) ~ ethyl acetate(EtOAc) -
n-butanol (BuOH) % k¥ ® A~ H 1 H4id E > # RBuOH % ~ 4 &= 48 *t *tmousebrain
homogenates 4 17 & Stk b F 2 Fg ok P R i F CAER o i'r—gz;ﬁ& LAY LR R
F ita 4 varkpatE ¥ a3 total phenolic =4 3 & o [4T] v p 3 p B MW 2 f 20 B
HauM ERFFRP > 7 & &I EFr4]lipopolysaccharide (LPS) 1™ 3 4 2 JTT4A. 1 E viim?e
%wnhROS 2 & -

g kiEE Chaoetal. [48] P AFE S HI P HEMH B 2P LFEL > BRI g HEHRD
wLPS % 2 JTT4A. 1 E viliw¥e 35 »cdrdlprolL-1beta 39 F £ R & > [L-1beta % IL-6 ehA 2 » &
GATARNEMS Y A s Byt cFang et al. [49]p S p EEASD VR RIEE
Fr4| B egimre 2 LPS % interferon (IFN)-gamma %% * & # NO ~ tumor necrosis factor (TNF)-alpha
2 interleukin (IL)-12 e fEkaempferol glycosidesi* &4 - Rao et al. [HOJRI# I » 3 g 24
2_hexane ~ ethyl acetate % 7 i3 3 B~ ¥ | & & df dr4] | B VL E v w¥e & LPS/IFN-gamma 3% %
TAAF ARG N INF-a & [L-12 > & #r4]iNOSH—v F % 3R - Tung et al. [Hl] #RI ¢ &
# 4 % ¢ drtrans-cinnamaldehyde -~ caryophyllene oxide -~ L-borneol -~ L-bornyl acetate -
eugenol ~ beta-caryophyllene ~E-nerolidol ~ % cinnamyl acetate¥+*t#r#|LPS#|;#RAW 264. TE &
e thA 2 NOHT Hm ik 2% o

B REE EF RS R LG STRA AR F TR » LB E AU pmEY Lh
Mg [52] > @ AR & % tRk(purine) 5 3#s A 2 » H ¢ A% Zxanthine oxidase (XOD) it

[
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hypoxanthine ¥ i &xanthine ¥ i&—- # #.i* thanthine % fRfik » %% &% B g2 2 FE
& &d od wFXOD ¥ & F 3 T #ihypoxanthine % xnathine &3 3= fRAL2 B4 € 1§ 242
Fpd 02 F1m AAR0S s g I Aflel FH AT AR EBFLLI P EREFRG T
R HTEF 1~ Fd TRIEEZDNA § 04 [B3]e gt g ’?Efws PR Tlige A B T I i i
4 » T3 4eC-reactive protein mipdtimie2 LI > o7 i@ F & F REAPM 2 5 F 2 SR G
[54] o & ¥ + B % Muricasedr#|#|--oxonic acid (OA)JE’? BAREERT > EERB AR T F A
FE G E [04] 0 KRR J‘f:fj\f& kreesn k #ﬁﬂz(n /p Fcreatinine % SBP)RF & it 4p A
[55])  + &R e SRR 2 BHEEF LM [56] -+ 3 FF4ph o & jREERZ AT
ic ADM M Roma B2 prg 1 [52] 0 FIApEANOD A ﬁjqﬁu :}iiﬂjrﬁ#’\iﬁl\i‘_iﬁ £4 5 &V ?'J’**
Fr4IX0D B e 3N o FRETRR N R R RS R 0 o R B AR g2 0 @ Wang et al. [DT]ERZZ B
HE o 5 B4 (EtOH-Ext) ~ #-k 355 (HW-Ext) % E£H % At eb$30X0D FiHz 58 25 3R
PR o EEES R A F2X0D s e
(=) A BEFELFUBARRTEY 2 AP LA R FERE

BT L Pt PR B anF S v pre S HE @A PP EARSS2 - —F BEE
T M oo B HEFEAS RehlDs 5 1850+37 mg/kg bw - Subash Babu et al. [58]3% % 7 ¢ 12 chidE i
T o gl 1o GSTZA S 2 g = B 510~ 2 20 mg/kg bwp 1 R > &0 d] e dp i 2 &
%f&%ﬂ;{iéiﬁ%‘f " ow AR R (63.29%) (p<0.05) o pteb s oot g A (20 mg/kg bw) &g F 1k
HbAic ~ s - S P2 FF% ~ TR & 3 Io PR AE 3 3 4o o ifz’i%;% %~ FROTpE 2 HDL-P2 ARk & o & R
i jﬁﬁ?‘% (aspartate aminotransferase ~ alanine aminotransferase ~ lactate dehydrogenase -
alkaline phosphatase% acid phosphatase)® #:iT1 % ° 23> FH 7 F > Chao et al. [H9]
B Aot #BiEE w2 < o ~ cellular hypertrophy index* H ® % & 3w IV~
fibronectin ~ # alpha-smooth muscle actin (alpha-SMA) 2z 3¢ Bz & > afr4|B8 § F A F 2 T
Finterstitial S8 dw#e 97 < > Bpon 2 p HFET A r0d B/ YT 2 T interstitial fibroblasts
¥ 7 % hypertrophy i # o

BIp henB H a LR S b b SRR T R e L2 F e g
NF-kBi# it » 2 NF-kB#7i2s& 2 iNOS% COX-228 F14&45[60] » & & 42F it [60,61] > 23 & L& b 22
dn e gk cfdsg2 E* [62] o ARt > podEfEL FrFILPST g2 JTT4A. 1 E wim?e & i [L-1beta ~
TNF-alpha# IL-6 > 2 % #gTHP-1¥ %3k 2 4 [L-1beta® TNF-alpha » & #r4|TLRA U 5LER 5 B 5E "% 1€ 72 p
prolL-1betasnz £ [47] - Rm » pF e ot 2 fu L e » T 258 dr4|LPSE fme B & N 5 iF
pralimre 2 ILTLRASNCDIAm i3 = B 5o W2 5% » @ A8 p Hpgdeg 1 iv® Agw 2 o 44 HpEL
i CEE S FATFRBEANE Y A 0 VRS FE 2 A BB S A RE(2.146.96 222,62
mg/kg body welght/day A210~30 290 % ) AF IR T2 TBARS & 4F i* p£% SOD ~ glutathione
peroxidase ~ glutathione-s-transferas % Catalase &M% FIB 5 [63] 0 e i - BT FR AT
Eitslde s (VR4 A2 X B AT o ERE(2 26 mg/kg/day for 10 % )¥ :x L ROS 2 i
sldzz T GSH 2 £ 7% [60] -

mAL® AR A o Wangetal. [D7] #2 F HEM B L& X470 o g AR 4]X0D
AR B2 1T o I p HARE S Soxonate HAF L B AR ) RIS 0 4 FIRE TR FE Ma R
fé E 3 2rallopurinol 4p % vk B (% tgiE84. 48%) o wapt HEFET i PP ICL B R P F M2
R B A GRS TRA & R
(1) CArprR ARSI RBEITT 2 AL A FFER

FlapfafEe Wi FF i AR wp A REHBFE G R Y T R
FEZ BB B2 HAMAERER « 23 F RAF P BEAEFRS > L5 - 2 - EF 7 HFRMH


http://www.sciencedirect.com/science/article/pii/S0944711306001772

PRSI BEE KERAFRES ALt HH AL R SR A B EREAH
oy G“/w\/w\%‘ri%iw-»ag com R S AR o R AR PR ASEY N e FAE B 2
Eﬁﬁ*’téﬁ4##§ﬁﬁﬂ’%*%&*ﬁﬂi#ﬁﬁi#§ﬂw~F§Piﬂﬁé%4m°
B AR EREHE FoY AR PR A RS G B O E Y [58] > Flm $3+ 2 i & * Pl A ¥ )
S S R A '*IEF—"‘“TZ%,am"‘% kG P A FER

Pl a8 (Linalool ; * FLim 4 fF e S Hps) - - BHE M &4 d N HERE2 pPEAK > &
PIEL B DR LT R FENE - L EF AR FIRARDR AL (dow TR )25 kA
PRi@L b R A A eI R s Aok RN SR 2 BB R A B EA & e Tl
FEEAE GRS [64] o e AR AT E AR LEFS S ﬁﬁ#’?*aﬁaw&%
[65] o d e R L™ @ * Hob ¥ o e AfRh% 2 b anFh ) AEMEES 5 )
2 &40 PRLDS0E_5 3500 mg/kg (10%>- 72 58 @ ) » @ f| Bl 4k & 282 chprke A ik I 0 |2
(subchromc)a AT AR Rl g Azl ) RS A E 9 5116, 6mg/kg/day ™ » = 2 R PP H

£z a:—%"&tvﬁﬂgﬂ iR 4 I [65] o

—E R ABZEL ALY o B ¢ LR OB T o doBr R BRSNS R 2
corlander seedsif i [66] o & #p B o profe A fif A Ao & Ban i 4B W5 E S BdR E [67] - &
iTSubash Babu et al. [58] 4F ##-STZ# % 2 #b s~ R peke A (25 mg/kg b.w. )E3245% » ¥
B R e 2 TR LA M A R F R I TN TREFE L
AR el AR R B Tl GE < B %% (diaphragm)2 & AR 5 0 T2 8 e hv A
2 g AR

EHTF Uhrk i frd FEEMA T P 0 Peana et al. # ML * 3t & B ¥ Prilcarrageenan—3%
w2 gy ok, ¥ H A ER R B LIPS 8 2 B fRITT4. AL T A B P4 INOSHE 1% MNOA 2
[68,69] - sz kerid et g dg > 2 p HEM B BT kp peRAf [61] - FlA 0 A

AFARG o SRR AR F RER R PR T L RS A AT R 25 ]

BF A AL 2 AR

R E

T

)
it

R e
()R BEFALUGELHT

APFrR 2P REGERAEECER IR EEALHT TR B o
M A BRI EE? A [T0] 2 23T o R p EEHRS(150g) > Clevenger-type %
BAEAORZARS e B8 Bl > RBP4 - f1* HP6890 % 712 GC25973 Network Mass
Selective Detector = & Bl T ffw it Fla 4 » FERE LI FFgoR 23 & ’é‘é\l" fapEaz £
At o Lt tDB-1 (£ A60m [LDA0.25mm> %% 5 0.25um) »iir vRRZE @ BER -
B %250°C ~270°C - 48 F 8 & F > Inl/min - 2R EE AR 240C > ,sg_;}?lOmln B L
A2Cx2240°C > 2a# 20 min- lonization potential = 70 eVe lon source’§ & % Z_5 230 °C. Flux ratio
KELD0:1 ek e BT AN E F AR TR Ao N

QA xY (D
He Q= Hp? 2HELFP AL PE JA= 2o b aGCRIFH? A% e f7 4 0 Y= # Lrecovery
yield o

(Z)FH 7%
I REFFRIZE LR
AAE G T (R E120-140 )2 2B Wistar ~ BT o F S HEP A 108 2 BARR



236 % o MR AE kbbb T - RS> ristreptozotocin (65 mg/kg)d E AR B ELE I
R Bt v F e iyl e Rl VR (citrate buffer, pH 4.5) < *¥ 344 18 % = p g ®
izkal%ff\ffs_ﬂ_% RS BEOL s TR P ST TR X fi’*ﬂl(i FR)E AT EEHM
(12.5~25 250 mg/kg) ~ ¢ 275 (40 mg/kg) & glibenclimide (GBC; 0. 6 mg/kg)id F = ¥ - 45 H F >
Bofe £ R T R e H AR S P SRR R o R B RR TR E Y Y
v % creatinine A 45 ¥ ¢t 3T HF I S pd B8 Z 4ok o v JRH F A X 2% (oral glucose
tolerance test; OGTT) if # M/ fs & = F& 1T « RUAF 2 FREFRRFTELE L F PRE L
W PR R TEIDLE R b AT N F £ 0 o R R & i Aheparin/EDTA
Fed2 1 s (500 x )10 min > ¥ x if(iaéj T 20TC H * AT A 24T o MRET S R BRI AL {2
A ETH R RIE P RIE AT o

II. r/R§ § #gmf< 2385 (06GTT)

JREEMH AR R F BT TR v IRY B 1 KRR (0GTT) o STZ~ B A4 w)iE &
AR GpAle) s 2 AW AP P PR S P R EMN S A o RGEL AR
APFELgE* 2 N FEF R XS REILEFT o ARFOCTTs R~ KEZ S5 h :2FpFp £
PG Rtk HEPFF L0 min (BEHEA FERZD ) 23S FHFHEL25-10~20-30-60-
90~ 120 ~ 150 % 180 4 48 - = -3 ¥ e 2 heparin = %tk S8e » B G o 315:*“ -20CH *
RE R FHEAAT -

Il A w4 itefs

a2 pEE R A 1T

IR 2 D R R TR & BB (glucose oxidase/peroxidase % & F B)ET T IRE 4B
AR AR 2L Fa X L RRPIRD Tt x ch P BER O BT063L A upE R
(hexokinase/glucose-6-phosphate dehydrogenase # & & J&) 1% » % % & 330 £ 340 nm P 2o
37 % 3@ Z triethanolamine 0.258 M, MgS04 2.58 mM, ATP 62 mM, NADP 0.825 mM % 151 2
hexokinase/glucose-6-phosphate dehydrogenase -

pFTEALFT

Bafa P L ZERE LY WL 228 0 B A B FELISA 217 E B AT 0 H P ORGS0
PBS % ¥Pvjp . iR F e S FREFARL FOTE > BB ERUCLEFR/EH)ET o
* p# % (Fructosamine) » Zifiy 1t %y Ve (NEFA; 25 FL7740 5 A p_FFA) % b R4 #7

gl g A w1 * B ¥ fructosamine assay kit ~ NEFA kit% uric acid assay kit @ &R %
P2 BT A AT e

IV. T mz

Tt v Rl AN % 2 AR creatinine TE AT~ P A LR AT E Hed Red oA 4T 0 B
£ ¢ kEF (BUINER ~ & ffﬁ“ﬁ‘rﬁﬁi—fi@m%ﬁ: (CCR) % T 3k3piBim ¥ GFR w5 %2 it dp 1 o AT o ﬂ]{fi 24h
it s (R0 -200 &% 0 LA AR R P EATE B AR P 2 F o BIN &
GFR(4345 Jaffe <2 )35 = ;4 4r T .

BUN=0. 466 x (blood urea conc. )

CCR (mL/min)=Curine Cr) mg/dL x urine volume mL/1440 min/plasma Cr mg/dL

GFRi (mL/min/gm)=CCR/ &% &

GFR: (mL/min/Kg)=CCR/ %% £
V. #ife 2 BRELF VRS ZFE LG HFAFT

LR R EA TR FAEA T A R RS D) (v/v) HC10:2 39 2Rt 12 Bergmeyer (1974)7 i
A5 e Jf: ? nitrate/nitrite, IL-1B& TNF-a43 (4 nitrate/nitrite kit (Roche Diagnostics, Mannheim,




Germany), rat insulin enzyme-linked immunosorbent assay kit (Mercodia, Uppsala, Sweden) -
% rat TNF-a ~ IL-1B (Biosource International, Inc., Camarillo, CA) 1345 %l :¢ 7 #7it = ;2 14 micro-plate
reader (VersaMax; Molecular Devices Ltd., Sunnyvale, CA)4 7. = iffzﬁ f jeaed chpg L fiEE o
GPx ~GRd ~ SOD /&4 2 3 GSH z £ ~ =4I * ¥ £ 2472 245 W g 7 #7if > /2 M+ it micro-plate
reader ~ 47 > @ g FiEF C ARE R T Knl ché T AR R 395 Fraga & 4 77 2 (1988) R 2
thiobarbituric acid-reactive substances (TBARS) -

VI, 7 = B g4 #7/2

B2 e i e iRtk wOg K2 Ak o bR T kv R E (Bio-Rad method) 0 #- -

FRREZEIGFERAF YT AM~ 120 RETER 20 FF) A3k T3 kA +2 TAPH

[ E T

(i) GLUT4 : 3-¥ FkR <21 20 ng/16 pl- ¥ & Bio-Rad % 5™ 12 SDS-PAGE (10%) ** running
buffer # &7 £ 74 » #M - % & 5 rabbit anti-GLUT4 Ab > 1 : 2500 ; mouse anti-Actin Ab
1 : 5000 ; goat anti-Mouse IgG Ab - 1 :4000; goat anti-Rabbit [gG Ab - 1 : 4000 -

(ii) p-Akt (Serd473) 3¢ FkAR ¥ &3 1001g/16 1> ¥ & Bio-Rad % 5™ r2 SDS-PAGE (10%)
** running buffer # &7 % /& o FMAFF % 5 5 rabbit anti- p-Akt (Ser 473) Ab - 1 : 500 ;
rabbit anti-Akt Ab - 1 : 1000 ; goat anti-rabbit IgG Ab -1 :4000 -

(i11) p-Akt (Thr 308) : &+ FEAR =& % 100 g/16 1> ¥ & Bio-Rad % 2™ r2 SDS-PAGE (10%)
** running buffer © &7 £ % - M B 5 5 rabbit anti- p-Akt (Thr 308) Ab > 1 : 1000 ;
rabbit anti-Akt Ab - 1 : 1000 ; goat anti-Rabbit IgG Ab - 1 : 4000 -

(iv) Insulin Receptor beta (IR-B) : #v¢ HEkAR =& 2 100/1g/16/¢1 » ¥ A Bio-Rad =,k
2 SDS-PAGE (9%) ** running buffer ® i 77 & o FAEHFE B 5 5 mouse anti- IR-B Ab> 1
1000 ; mouse anti-Actin Ab - 1 : 5000 ; goat anti-Mouse IgG Ab - 1 : 4000 -

(v) SOCS3 : #v FkAR =& % 100g/161 > ® & Bio-Rad % 5™ 2 SDS-PAGE (12%) ** running
buffer # i& {7 T 74 o FAEHR & 5 % rabbitanti-SOCS3 Ab » 1 : 600 ; mouse anti-Actin Ab » 1 :
5000 ; goat anti-Mouse 1gG Ab » 1 : 4000 -

T AR RS T BT > % Transfer buffer @ r PVDF %58 (7 3-9 B #Eid (100 R4 2 & > 60 » 43) o

AEF L Bt 7 5%skimmilk 2 TBS @ %% i i& {5 blocking (2 /| F#) » blocking 5 v+ TBST i

# membrane (x3) » X {8 A Bl 4e » — St FEAY 4CT F i overnight o fg & 2 TBST e (x3) 16 Au\

Wlde r = SRAE R 1) PEiS 12 TBST iFi% membrane (x3) o iFi% % = {4 4¢ » Enhanced

Chemiluminescence reagent (Enhanced luminal reagent ¥ oxidizing reagent 2 1:1 +“ B £353) 4k

LB AT R TR A o

VII. P 13-Kinase (PI3K) /&4 #7

F1* 7 ¥4 47 £ = PhosphoSeek™ P I3-Kinase (PI3K) Assay Kit » H 4 47 32 5 #-PlaK % 2 & &

AFFRABA L o FPI3-Kinase 3 & TR € % X TR A E S E FRBRR S F PRKEE

NARTARB RIFEE TR0 0 Fkw A2 ¥t 2 ELISAreader 2t ¥ £ % B4 £ 540 ~ 580nm

TRIESRKE o AT IEUEF 2P LT

(2) v %
I 2345tk 2 H kg2 &
C2C12 ¥z 1‘% (ATCC CRL-1772) » Mouse muscle myoblast > Strain: C3H » fLp & 51 L= 5 ¢ o/
B Fied 7§ Fuinse & (BCRC 60083) - 12 5 10% FBS 2 DMEM 2 % fm# 2 37°C» 5% = § f phs
TR gﬁmaéfl] BOhEmAFERRELE » 1 2X105 cells/ml 48 » 37 75 cm? 33 % 3L ¥ i& (7 M8 53



%> & 3 pHArEs- o
. Jwee 4t 1t

N % PR mre 2 licis o 12 1x10° cells/ml fa~ 9% wells~3cm~10cm T Kime i %4 > B %
37T C 5% - F "R 7 24 | FiewepREDNST 2ERF vl"f;&ﬁ %7k > * PBS ikl
3 {8t 2%HSDMEM % 0 5 2 p A MEREA- 6 PlEATE RS A IVERE M
Pz vupg fHiF (creatine Kinase, CK) & 3% o WUk iFis /& 1220 B A * F % creatine Kinase kit i& {7 o
I, % § # 2R GEELEH3 Insulin ¢z 3 EF BFZ
Y. 0 i

¥ T75flask fme 32 % 1 ~ A% pPF > 12 1x10° %% #i/ml sim¥e % & 46 » 10 cm Dish (£ dish 4 10
ml) -48hrs {& * PBS % 2 =t » # HS medium (= 2 = $& - =t medium) & ‘% & it > ‘w2 & it 6 % {8 »
e Aty & AR > 100 PBS ik lete 2 =5 0 fefl 2 7 a2 2% fatty acid-free BSADMEM - *+ 37 C ~
5% - % “pfaz % 2 ) P (Blank #) -

2 /] PEis o A B4e » 2 Fe kA& 20 Insulin (ONM ~ 1.5nM ~ 15nM ~ 150nM) » 22 % 0~1+~2 4 /] pFis »
* PBS % 3 = » 4 ~ 300 pl 7 Ripa buffer » i * fmre 4] ] #-fwre >384 » 2~ eppendorf » > 4°CT
VAR ke B L e 0 B 4 TCAtes 105009~ 30 A 4E 0 BoH P REF 9 AR 0 B F
R T E T 30pg/12 ul o 4e » 3 pul 7 5x sample buffer o % &2 3240 % 100 C4e 4 5 245> iRig 18 H * o
H e i e # 4 F 2% 2. Western blotting 4~ 47 - 4 4738 B & 4% GLUT4 ~ IR-beta ~ Akt-Ser ~ Akt-Thr -
VRN . tas

¥ T75 flask ‘w9z 32 4% 1 A A & P 12 1x10° sz i/ml ehimre % A4~ 96 344 (F well 4 200 pl)>
H A& Fr e 2 b ch\Western blotting 4 47 2 % > 7 e *% - Blank #7 {5 » 4 » 200 uM 2-NBDG> *= » incubator
FRE30 ~4ais o 30 2 FRBAAE T IESE ¥R AR o & Ak B30 44518 4 » 0.2 N NaOH #L w2 &
&5 & 45 > 2 ELISAreader »t ¥ & % B L & 440~580 nm T jpliF ek E o

2R HERD wER EER (MTT #2%)

¥ T75 flask ‘w7z 32 % 1 A A & P 12 1x10° s e i/ml ehimre % A4~ 96 344 (& well 4 200 pl)>
48 hrs {5 * PBS £ 2 =% » 4 HS medium (+ 2 % & - =x medium) ¢ ‘m?e & it > fmP% & it 6 % {8 » v)”df
Aty gk o T PBS jpiklmte 25 0 el 7w 2 2% fatty acid-free BSADMEM - 2 {5 4 %) e 2
P REERZ R EERKNE (CO) 0.2 ug/ml~ 2 ug/ml ~ 20 pg/ml ~ 200 pg/ml ~ 2000 pg/ml > 2 DMSO i+
OB Al > CO RgZim?e 6 /] PFiS > 11 PBS ifikimre 2 5t > el 7 a2 2% fatty acid-free BSA
DMEM > # 4v » 10 pl/well z- 5 mg/ml =7 MTT ((3- (4, 5-dimethylthiazol-2-yl) -2, 5- diphenyl tetrazolium
bromide))i® & {8 > % 2 | FFis > B 5 # 25 0 e~ 200 pl/well 2 isopropanol & & 30 4 45 i iwm¥e mh
Al 3 B 570nm TRk E o ¥k E 630Nnm 2k B G AT Rk {E o e s F I E 4o

KELERE S s (%) = (A570 nm — As30 nm) sample/ (A57O nm— A630 nm) control X 100%
IR RERBIFREZI w2 %NE R

73 BB 4

T % 32 F Insulin &) £ B 2. Western blotting 4 47 > % > 4.2 /| FF Blank # &5 % kA& CO
(0.2 pg/ml ~ 2 pg/ml ~ 20 ug/ml) = 5 pre-treat » *2 DMSO &3] § #5241 > 2 /] pFis 72 PBS i€ 2 = >
A 150NM R R 2L B ARG F 2 en o B3R 0124 )R8 > 24538 Insulin
A& Pl 2. Western blotting 4 47 - #4778 B ¢ 3£ GLUT4 ~ IR-beta ~ Akt-Ser ~ Akt-Thr ~ SOCS3 » H i&
Fo ke b (S )P P sk T S BB TR it o
7 5 WEHEPE T A%

WE 2R Insulin M E R T2 H FREESEE - FA2 | FBlank# &4 2 FEAR CO & A
DMSO i % pre-treat>2 /| pFis 2 PBS 3£ 2 =t » & % %= 150 nM ,};}iaﬂ%% 287 LA E £ 2w




T fF4e » 200 uM 2-NBDG - #z » incubator 5 Ji 30 4 48 - {6 % Z ke Insulin ] £ B 22 § § A~
B o
PhosphoSeek™ P 13-Kinase (PI3K) Assay Kit 4* #7

AT RIS RAFE R AR IDEE LG R TRV AR 0 T R P RP LT o

(z) 3L #

F %% U means £ S.D % 7+ & 41 * one-way ANOVA » 47 - # 4 F % | * Student’ s z-test »
WAE APl e X AL Mo 2§ B ¥ LR - 1% Duncan’ s multiple-comparison test 4 47
T2 A a2tz STZ-DM el s a2 B o wmPe § o7 b 2w 12 one-way ANOVA i (7 4 47 » 14
Student’ s 7-test ##7 8 F imre At w s s A A (ST N E e BERz REiEE 2 B al¥
Z B o 2 Duncan’ s test ¥ T A& (L {snime AP %G & e EET A RIEAIL RN E A EL
Pooirg kA dr2 2 7 B E st (SPSS 12 for WINDOWS; SPSS Inc., Chicago, IL) > 1 p
<0.0b#RZeF3 BEFLLAE3 ¥

(-) 2P BRERHBESS
F1# GCEGC/MSA» 47 % & dgor e @ 2 3 10148408 e 4, ¢ 3 5 {4 (monoterpenoids) ~
& L i (sesquitepenoids) ~ g #f (alcohols) ~ f= #f (phenols) ~ fE#f (aldehydes) ~ fr %8 (ketones) ~
fia 58 (esters) ~ fa(acids) ~ 2 B v it &4 (Table oA P LA B2 L - B 0| At 3K
25 5: linalool (40.24) -~ trans-cinnamyl acetate (11.71) ~ camphor (9.38) ~ cinnamaldehyde
(6.87) ~ 3-phenyl-2-propenal (4.06) ~ caryophyllene (2.65) ~ coumarin (2.13) ~ bornyl acetate
(1.72) ~ limonene (1.53) ~ a-(4+)-pinene (1 38) ~ estragole (1.31) -~ % caryophyllene oxide
(1.00) e 12481 &4 7 B3oRQ B~ A 1% ¥ £ ibiw 2= 4283.99% - = ficinnamaldehyde
congeners ik jd 18, 96% » 7 4 b B ik A i trans-cinnamyl acetate (11.71) ~ cinnamaldehyde
(6.87) ~ cis—cinnamic acid (0.23) ~ # 2-hydroxybenzaldehyde (0.14) (Table 1) o $3d5 st » 475
o0 2 FAEOY L P F A2 4 a kg (refl) éﬁ—r A F TR 203 f 2 i £ linalool

A ik ad40.24% o F AL P 7 £ R Mt Linalool e
(=) <8 ﬁ%ﬁ&&ﬁgxfmiﬁﬁﬂé€
E A R ST H DM A Bl ALEZ % (50 2 i BB AT Y

CIERER G A R i VR
B(P<0.05) » 24/ pFerniE 8 & ~ &K E - 31*”]4% MEREfles 8 P ERF O e B
ERMERS A e~ Sehs § > ME Rk (Table2) - &P FES 2 FAEZC0LDME =il
‘a‘i“a%u SRS A DN (DN-Vie)fpgepe A g F L 8 > i~ 7 ~ FREHD R TIOHRLFAR
» A e 2 136% ~ 134%% 116% » @ i# & ¢ PR*F & 42 FGBCAH 2 # € # o & & 5 4422 93% (Table
3) prek s a2 A ECOLDME eiay iﬁfﬁ‘fﬂlﬁi—- Sz ARBE > H M H B 2 T F A
PFERE o aGBC L = 4 ﬁ%&W&W%W’E?%@@EWﬁ%éi? AR od P EET
G COE 3 18 > AR ~ Bl dphon > v R R L o P ok gt o R o 4% (Table 3) °
W P Flak £ LEE 0 - BMERFEIZEEFIRL o AP HT REICTRE R ATt
-gastrocnemius ~ Soleus ~ EDL ° ELA% Feoovg § 0 2% ¥ i}‘b%ﬁﬁﬁf}}%ﬂ’ REfrdletp > = fAF tesv
—gastrocnemius ~ Soleus ~ EDL#=27% i H ¥ 1gastrocnemius% EDLiw 4 £ 5e3- 8 F eng & o o 3
ﬁ%“‘ﬁM#éﬂ%%m%wW&~’z%¢diﬁﬁﬁﬁweﬁm;ﬂw’gﬁ #H gt =
ﬁﬁﬂm;& TR TRRFLAT AT BEFR B0V E«Eﬁ&s—'q‘ﬁﬁﬁ:}}%i L EACOIEE S S A
B v &>+GBC (Table 3) ° BLEAE R~ BUERE R o v TR BRSO < R R e 5



3R A A5 A CO M ¥ &/ E T a7 &gi’g:{i}%f};}%? R K s e :'g A& COR J;\;;:,ig; DM3+#6 % 45 »
GBC» m e L DMPF#i~ 2 8% o AR REE 2 6 > DM~ B B F T M~ chiiin e i o & TS
e <5 B 5 DM BUE GCOM & i & V)2 DMMWJ,, G 515}_ BEE L TR AT
" B G oL T A 0BE ¥k (Table 3) o
(2)  ARZEEBELFIRFLL AT E

%@%ﬂm*r%@%xw“’aﬁﬁw%g IEREPE O EFETE T R BEBE T o B
Fopp R SC0E » 2 M BEFPFRFEFL B R 2B a2 DMetpd > A ECO
tgﬂ%a%%¥mflﬁvmﬂaaw m*%ﬂi&?&ilﬁoé 5 fREEIcd b BTk B
FITx 5 P &gsc% > A GBCH s & ekt 5102 17X 2 3 B2 L 521X TR RE{H e gl
¥FAl m;}* i (Table 4) o 287 GBCE 2 3 § F4F:c i o ,;%L E T TP E S L (T B
@ STZ 4 ek Fofi 7% s betalo s 0> > 2 LA R 17 0 ¢ B A > FRGBC At 5% 2 & Hp bt
7 PRE AR T IRE P BEA I fed 68 IR BT H] 7 L e Ao & (ref) o 1345001 * 22GBCH
AR 7 4adm 0 COscd w #Eeni®® 30 5 04 3 LR gL 5% 54

W~ R irdleotpgd % e R0 5 2 2 2R FF S DM & SC0% & maDN-Vietpd
P EPC0LHETHOTEFH v ELREE T E B WA BCONH A DY F R R
FRCE PP BPEE R AEE A ¢ FABACOR S B L R L R TRk BEEE T
PR HE&Ap 00 (Figure 1 (A)) » ¥ L2+ 8% % Y FF B R MR S RE e dp il %
N EE G EBFRS DR ACOB LB PHlpi > %uDLE £ F RIS FH S Honk R
FE> @ CIRTE R ABEH RFLE T E LWERA§ﬂ§O’Wﬁé££W CO»c % 4p 12 (Figure
L(B)) o d g™ @aro B8 2 e e B9 95 5 FIRAT LIND R Bl B 40 %
%Aﬁ*%’#ﬁfﬁ%ﬁnﬂm%%kﬁﬂﬁﬁﬁ%% LEEFFERETF VR TlEAsR BHB
e TR AL F L A2 0k A 4002 TR i o
(z) A RU Ry F R

CORF F AL % (OGTD® #m o Hop S HASr B3 FERIFE Ol BEETF
Tale RS COLBiop~ REga P aletpd 2mazm@E R ESFRM > 2 (0
L UIRY F ARG DtE R B B A 8T R LR

Zip v (Figure 2 (A)) -
d%ﬂﬂﬁ%ﬂ%iiﬁﬂ%%%Fﬂ“?WﬁTﬁﬁﬂmﬁﬁﬂniﬁgﬁﬂﬁwp%ﬁﬁ”
£ BN E A RMB TR Bp S R R 5 2 R 7 ERF A B aC08 &g W e B
POLE 2R E B PR Wt B s B 5 MAEC0R 5,28 ~ ¢ HEC0E 3.9% ~ F A

B00& 2.5% ~ F e 2.6% ~GBCa 4.5% » MHBCO» S B 2 BF > 28 & 2B m+ B
g st g £ 8 (Figure 2 (B)) -

GIP ~ GLP-1 L5 675 5 7P § + S0 H M FIHeis 5 836 57 ot Bmse s f 4 - 47
% wOGTTH B » »»c PR FAEL mte > BIEH j]%‘:l GIP~GLP-13 B £ 5 HO0A p o 57 6 48 o &
SR BEAR < BUP GIP S GLP-17 B AF ¥ (0N gl ke 5 aGLP-17 6 » i 4C0fs & s eGLP-17 £45
MEF R DN-Vin o Sk R TR AR 00 BOIPS G 0 R G001 & mAGCIPR R M F
BDN-Vie o fokk ot p iR Rt B F (Figure 3 (1) 2 (B)) -
(1) ARAvCLRAE

Table 57 %% BT » # A * Beit ¥ PEaes PR R BTH B 20H1e 3 iB 80018 & e it
gy LR B FOREE FOTDN-Vie o B ook b BEER ¢ ORE G B EAD 11 o AR < Bk Rk
BREZEZ e #8002 b ik B0 MDN-Vie » Hock s p HFE2 v IR 0 B %
e FlP R R RERS TR KRB B R R e Y RO AR AR o AT 7 SR
o AR BUR B LR R R F BT e B 8001 & ek R ISR F HOTDN-Ve - H ok

10



FHR AR CIRTE L MEEAR D o A R AR L RRRE R 0 VERY Rk
HOMA-IR > & % Bg 77 > /R ~ Bk § F IRt HOMA-IR B % % il S B s C0f & ot fy R 12
FUHOMA-IR 358 ¥ MtDM-Vie » H o %k @3t p 3055 ¢ JR' o 4B % " M4 § # et HOMA-IR»< % &2
CO4p iz (Table 5)

() *BE# ik

it Table 1% @ © Bom g b ~ R Findleipdeg 42 TE/ME & 2 L F
Fofp BURT RV IR B8 P20 < e o BB A Bl R A R 3 RARBE R op~ R @ iR g g 214
(TableG) PERNARTRFEIRE FERMIY A A D T F A B TS AR

BFp® &- HRZAEA T TH O pRam Bhop < BURY 0 39 g B F 3 W idle
E- *BEIEN— © B A MR TR R A I ey Fed SRehiit o @ Bl e Ap i B o < Blereatinine
/ﬁ‘-“f—v MEFR W2V BB AT REEFSPF ER (hyerfiltration)2 e o T
SR @i A4 (P<0.05) - i SCOP s m AR E » OR Feed bR E § kAR » Hou%k GBCAp

e m = fEA R COS BEF e E D B SRR M P AR e R A B3249, 3%~ 50. T%% 65. 0%
UOPRTE o R HGBCRE s U R F AR AOR MY B0 FARR > RO PR R AERFALRL > g igRE
4.9% (Table 6) - # 2 B & & COﬁE%iﬁ%%&fﬁff‘e%" IR B B e 0 gt iTH & et i M2 CCRZ GFR -
7 GBCEEF o 5 4% » 2 4r & & F ¢c ¥ 43 /s 2 CCR2GFR (Table 6) -
(=) *REF R § VRS 28 Kt

TBARS A 47 & % B Ap Nl de o #E Ao~ BUF e s Wi § AR B F K 4 (p<0.05) » &
REAE F 'F M2 JiF 1 2% SOD - GPx% GRdiE 14(p<0.05) % %GSHZ% £ (p<0.05) i< ~ ¢ ~ % & § 2
COZ i HLFF o8 ¥ 1 WA Ao 78 4o erwop 7y aB § 1 424 (p<0.05) » fe GBCxt %&E%Eii%@fﬁjﬁ;% £
vup g i it A2k (Table 7) - 12 ¢ H R COZ% p HEEIOM ¥ oL B/ & T 2§ -2 % SOD »
GPx% GRdi# . (p<0.05) » ® »z% §**GBC o % & ® COR| & ¥ #i +: SOD %2 GRdz2. /% 14 (p<0.05) » ¥ »c %
E3GBC » #7F # R 2 COZ p {34kt ¥ & = 48 fup = B4 42v? WGSH 7 £ (p<0.05) = *# i 4% % GBC
< BEE R MR < B BGSHE £ 0 featk A 4oit 2 ¢ A E CO (Table 7) -

BLEE A d 3 Ltk 2R MR > B R ed IL-1B ~ TNF-a2 NOZ £ B ¥ 5 4
(p<0.05) = #75 & 2. COZ P 1308 ¥ % MU fips = B 4297 IL-1B ~ TNF-02 NO ¢ £ (p<0.05) -
Hd xS HECOR | sk dF o @ GBCH A B F e L B fp ~ B Ao W pdic (Table 7) = 2t
tho kR AR I 0 97 AR 2 COBME A < B Ry iASOCS32 £ 0 A p R
7n 5 Fr|SOCS34 Mz sk o ipdt P42 & 2 5% B2GBCAp iv (Figure 4) -
(~) * BN F VR4 2 g Ktk

TBARSA 47 % % B AR FT 44 o B = BULSEY % B F AR R B F R 4 0 R M g
§ *f2#SOD% GRdi# 1% %GSH 7 & (p<0.05) - i & 1< "% £ CORE ¥ 1 ik fups o7 %0 TiBF A2
)z(p<o 05) » ® »ck E3+GBC (Table 8)» ie ¥ ~ A ECOZ § HFER] X 8 F e § 4B s = BULH 1
WBE 2R o R ATF B[R 2 COZ P ﬁ_ﬁ“&’!?&%’“:}%J & Fi 7 %% ¢ SOD 2 GRd2 7% 12 (p<0.05) » e
® 902 48 CO» % Bdd (Table 8) « i M £ 2 COX f 5 +c ¥ /i "L HSODE 2 »ic % 320
GBC »  GBCH# = 48 fc s %% ¥ GRUZ i f£.2 »c% 4 7 4= #| £ COZ ¥ HaE (Table 8) = o » B4 E
COZ | AR ¥ 3 4o 4k i GPX2 75 12(p<0.05) (Table 8) = *7F #| & «7CO% p {FEOA ¥ & =

L BL Y % GSH 7 £ (p<0.05) » ¥ »% % $2i+*GBC (Table 8) -

BB A L R R AR A % BUASEY IL-1B - TNF-02 NOZ £ & ¥ 3 4 (p<0.05) = i1
H| 8 COM ¥ ' MU "% 7 IL-1B ~ TNF-a2 NOZ £ (p<0.05) » 2 »c% i ¢ £/ * GBC (Table 8) -
® AR COX pFET B F " SR L% IL-1B2 NO ¢ £ (p<0.05) » ¥ »c 4 i+GBC (Table 8) -
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(1) *EFH2§ RS i’f‘ﬁ#ﬁﬁ

TBARS A 17 5 % B 7 Ap O 4l e o o < B/ %?‘ﬁ%é R ES AR B F B 4 (p<0.05) - &F
BEEE K2 Fif 1t 2% SOD - GPx2 GRdE 1(p<0.05) = #GSHZ £ (p<0.05) - #i% #| 2 CO ~ p u
FE2 GBC > AR F " MAERm ~ TR FEF A2k (Table9) - 822X B L COmET ¥ A ¥ 3~ #F
P B%Y ip = g g R 2 e (p<0.05) > ¢ M ECOV & ¥ # = SODZ GRA#F4: - * § #2CO% #
HFET B F 42 T0RAE 12 o 3 i COR = 4§ 1 ¥ & 7E 122 »c % > 351 GBC (Table 9) - #75 #/£CO
Ak HEONF RSB OR * TR BGSHE £ (p<0.05) 0 ¢ X 1A £ COrk Bdi 0 @ 1 A
ECO# ! T ® BCSHZ £ 2 »x %32 ¢ 2/ 2 GBC (Table 9)

BAETHY F Uk E8 R BRp S BT IL-182 NOZ £ 41 F 3 4 (p<0.05) > TNF-a 3
FARIAREE G A E 2 COR P RRFEIOR F R MBI R TR IL-1B2 NOz £(p<0.05)> * "% IL-1
2 2%k 2GBCAR % @ CO™% Mk fom % ® NO 2 £ 2 »c% R i > GBC (Table 9) -

(+) *ﬂ%ﬁi’if“@*l’f‘ﬁﬁlﬁ

TBARS % 47 & % & 71 4p &3 3741 %J%fj\/ﬁa < B ¥ él BeP g EiEE AR B E O A o RERE L
2 $i§ 1 2% SODZ GPxi& 14 2 .fs,\_‘GSH g £ (p<0.05) o ] _ﬁ_cm MEGERRORY B B
f- 2 & (p<0.05) » ¥ 2% >t f2fE 2 GBC (Table 10) » MA £ 2 CO% P A2fE ¥ M F R B Fp ¥ B4
* SOD - = § ¥ COM ¥4~ GPXi# 44 (p<0.05) » @ # jxfE 2 GBC:Em se L A fp ¥ o JE ¥ 4§ 1 B2
FF 2 oc% (Table 10) o gt #b > #75 HIE 2 COZ f e ¥ # = fjp ~ ¥ fa ¥ BGSHz £
(p<0.05) » 2 GBCa& ¢t »x % (Table 10) -

LAY Fe ) F LR EF R BB FH e < By e 7 IL-1B ~ TNF-a% NOk &
(p<0.05) « #% 4§ 2. COZ% P o8 ¥ % Mg Ao ¥ i @ IL-1B ~ TNF-02 NO2 # £ (p<0.05) »
sz % i3t GBC (Table 10) -

(+-) -+ &%F#rep IR-beta ~ p-Akt-ser ~ p-Akt-thr ~ 2 GLUT43%v T2 RE

Bre ) AR L f%fj\;ga%%;ﬂ f #29vIR-betaz GLUT4 % 3£ *4 i (Figure 5) » ¥ aktips i* 42 & T *%
(Figure 5)) » @ i SCO% #% i< ~ @ & F A £ 393 4c IR-beta T > fe pf HAFTr &0 sk o RS < B
F R GLUTA% T8 B % 5] B £ COsed » # v A E2CO~ & p fom cd GLUTAE ME sk
% o AKtgips v = 6 > Akt-serz gk i A2 & £ T #75 #E 2 CO% p {xfr2 ®iE > @ AKt-thraips i 24
PRI 32 ¢ B ECOZL st » p {3~ & jicecd AKtthraips P 428 > 23c% 2 o™ 2 ¢ HECO- v
PR & #GBCic £ ¥ 5 oIR-betas T8 2 AKUEIfL * F2/8 > e e »c % BE 7 4 4o 2 ¢ HECO o
(=) = ﬁ’i’f“’“v‘ Pl:K#E &

m,& 8 PIKEN 6 > B % BT o AR A BUE Ry PIKE BT F b0t gl > @ 3
% AR 07;» Moo AR 2COZ pf BEEoE F/ D FEPLKEE - 2 “&é‘l{é‘_COFI;Png/ér
e % l&‘*“GBC RS RT 2R EER Sy F—ff\fﬁifﬁff” L PR R AR
(Figure 6) o
(=) MH@BHEE 2 —A1* C2C125-2 W% th (myoblasts)4 it Z #~¢ (myotubes)st % = 2 F =%

=2

FReegh a2 o it S kp il Y ok 2 FE W% (mesenchyme cells) » £ d B fwoz & 1t
AUk A e (myoblasts) o B isAp Rz vrg AR fmrz i w fs 2 N 4p 3 VA B2 5 Pl
RS B’b%‘ (myotubes) » # {5 £ d #og gL A b 5 Fevvik i o 7 % C2C128+# w¥s tk (myoblasts)
A it Lo (myotubes)s & 4+ 0 LB D B R EM B e L f FRR B2 B APt vy 2
a\#ﬂﬁf;\ R ERT A i C2C12H o2 creatine Kinaseid 122 #2588 « F &M 2% 5w i
DMEM ¥ 2 C2C12m%e $h2 A it 35 % Ak » P & creatine Kinasefis % i 1217 & twrz & it & $i 2 g 4% 1235
HaM AR L8 8 AV RR - 107 fB5E A AP « B %A 2 HUFBSAHSA » 0 % §EF 4

=
B
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A HARE HCKEML Y 1 A%F 2 48% X MHSHCKEW L S P -HSA ~ 5% - < 2 4 L 28 & FBS
BEZEUEFHFLE ALY A A ENEBE IR VHE O A EES A FET TR AR
oo b i EEELLHSIE £ 4~ (5% = X (Figure 7 (A) ~ (B)% (C)) »

C2C12:m%e fhAr {1 4 {5 82 9% § & )k B 41045~ § § PE4AR 004 2-NBDG 2 L2 #chp kg 7 » MFBSH %
2l FIR A I G R g e s 150 nMinsuliny T 32 % 304 45 H #&P~2-NBDG:# 5 & ¥ M HS
uls @ 15NMk & T FBSEHS R B S e g St LB 0 R B AT 2 484 (Figure 8 (A)
*(B))

(t=) #FkEARInsulind]g™ C2C12%-F 3 % # ¢ IR-beta~ GLUT4 ~ p-A kt-ser& p-Akt-thr ¢ ¥ %
rE

¥ hmie & V6 (50 # “f it g & o $ PBSH ik e 25 e 4§ w iF2 2 % fatty acid-free BSA
DMEM » #:37°C ~ 5% = § f*#tfass % 2 -} p¥ (Blank#) » 2] BF {3 & 54 » 3 ik & 2 Insulin
(OnM ~ 1.5nM ~ 15nM ~ 150nM) » 3 %0~ 12~ 4 | PFidfcim® o S 78R U A FER 2% 5 2 1
;‘;i%\ L is eimPe B o) PERF EL'r#F ER2E 2B E 2 ﬂ;;;r‘gg‘;mq& , i:—_—,%ﬁjg‘i% seIR-beta 3-v ,Ffr&
GLUT43-v %4 & > * k& 15nM2 150 nMp# & 5 t5 (Figure 9) -

GAKUERL AR S B o B G A 1T o Aktserz AKtthrz gipe i 2R 1B 1S > @ % §EFPRD
AL AZR LR o f e A B TILEAMZ 15 M3 § F Pl o BTl ] BES o AKEser
BAFLT T SRR R FREE R S T e L pEA SRR T BT R 0 e Tl % AER &
% 2150 NMp% > AKtsermifit it avh b & Tlicis § - ] s < 2R > % w | Bk T % (Figure 9) -
AKt-thra s & % RIBE 7 > % & % k& £:150M ~ 15nM £ 150 nMP¥ » Bpk 1 /28 &% = ] FFid b+ 42
B0 B it A ¥ w o] PR et i (Figure 9) -

1245 % 1 2-NBDGHEB 225 2. % % > % § £k R 150 nM ] jcim®e > Boit B Bl A 145 (5§ 5 B
B2 A5 0 @ FRPEL G A X RIUELA FOBEAL 1 2 PRARELR 0 RIRE R 12150 NMAS A e e A ) pE g
WC2C122. % § H 5L 2 MBS BT 2 BB B e % & TIpT 2 F phoohip] 23514
% 6 3 LR 150 nME s ] P2 pERY IR T o
(F3) 2R HEFBENCCI2FXF 241

" H Bk B CO 4e 3 A4 1 15 2. C2C12/m% 45 % 4 » 7 3 IR £k K 0.22 20 pg/ml 7 5 5 im e 15 2
& o fe A TCk & 2002 2000 pg/mips > fm%e 55 FEE ' M > & @ ird|eipi s X M= &
(Figure 10) » #x o2 T F 2% ¥ » COFE AL A it 18C2C122 Jk B iE £.0.2 ~ 2% 20 pg/ml -

(=) 4 R ’,’iﬁﬁ:/é :‘E@f‘fCZClZE’“?% E ¥ ﬁ_’ﬁ A 5 % .1'|];;’§——r e N B, 53 % W2 5-5-%%

Bt 2 5

1 p R E S 31 C2C12m % IR-beta ~ p-Akt-ser ~ p-AKt-thr ~ GLUT4 3¢ F 4 & = 6 » #cdp b+ >
"7 ek B COFEAJZ (5 » finsulints & $13% 07 IR-beta ~ GLUTA ~ AKtahipis it 2.8 155 4 % B2 5
(Figure 11) = % A7 ASL 0% (5 > 045 & ¥ i 40150 M %% § % Tl P15 IR <M B COMiL 3 81 F
# % IR-betaz LM E -t &¥ 2 FkARCOESr A% A F & IR-beta 3L E 2 »2% (Figure 12)- Insulin
flge™ > 2 PR RCOT AL 2 v eE 44 > ¥ i FHRIGLUT4Z 24 E > £ ¢ = k& CO
22t & &~ (Figure 12) o Insulin{ g™ Akt-ser ~ Akt-thrz_zape i 2 & * & > W e flgis - T o /)
PEREPE > B PR AL e R L B B R PR A - o) FPFCOL P AKt-ser2 gt i ¥ B F B Al e
B x Y ERCOH AR S (Figurel2) o ¥ ¢ha BERT|» vk § H ks | 2 - | ppF ¢
kB CORE ¥ 5 4o AKt-thrgifis 1 » fe ¥ 2 3 k& COFE AJE » #5904 B ¥ 3 < Akt-thraipé i (Fgiure 12) o
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(=) 2P HERBIFALLET S R8% L F DT H3C2CL2m% PIKIE 2 2-NBDGH#EBit + 2

BE

A HERN RS w0 B A S G R aRT 0 R PIKIE M e P F RSk
75 BT 2-NBDG2 ¥ k% B 397 5 7p &2 2. §2 4 (Figure 13 % Figure 14) Fopedid g E o
DA KRB EN 2L E R R T R %&gg%om¢mmmw5%wﬁﬂ’uﬁk&w2
ng/ml) COF fed® 2_ ‘m e Bgom & 5 3 A PLKE M2 s %k » B H v I aJRif 22 %k © % g ¥ (Figure
13) o @ %150 nMinsulinis &7 - LR A W120.2 ~ 2 ~ 20 ug/mlz. COFE a2 2. ‘mPe 3P § 5 4B 2 B »
B%EA 0 COAERO02ug/ml™ 7 F54E 8 > ¢ LR CO (2 pg/ml) M B # < ' 7s #52-NBDG 2
kAR @ 20 ug/mlik B T e F ki B AP JE R COM - 11 COTE A2 2 w2 & I F >tcontrol
22 2-NBDG¥ k3 & » ¥ k&R %2 ng/mLpF2 »c% & i (Figure 14) -

#

I~

WP - fEPENE ~ B8 B P AHEP R GE  AREAARS e S b S K2 HE
FAE o R S D AR B R & ‘JH'J% o AR e § R IR WL E B lmre b R B
A R B G R &8 A AR R T 7 B EF R wa B R S L
P~ 5 B O % 2 HE AR ] ?%%im@&’%!L%JJL*’%%%4g%ﬁiﬂﬁ%ﬁ%%
Pk RH 4 0 B AR PR PREA R A FHAF L2 AN B EeRENY F S
PO W P ATHR T E R N TR PR S AR L ML L FATIAM RS ER
e B TRMAAR UL FA A A BERME L NS T EEN Y I TR R
LRSS [T1] e Bi%%l‘ﬂi‘mlt%%‘“# g 4 b B g S BReaE i [T2] 0 R R Rt
g F A FRRS (T3] ﬁ*’*@a{%””%gbwzw’ ﬂ&ﬂ%ﬁrw % (GIP ~ GLP-1) & i » ifit
A R LEAS NS A [74] B Ao & R IR A KRR S > @ g TR e < [75] - m
PRl Beeht = g P Bt R A R ww' AT EIR %@@E@m%%*¢%2i$$i
4’&mlﬂ@mkﬁ%ﬁ’§x§%@%?$%mf%ﬂ+7—W6W]

STZ & 2 4viv A8 4o g A » v 7 BRI § Bl [T1] 0 § #5472 94 STZ § 225 %2 ek o0
s e UIL-1B ~INF-a 2 g4 8F MRS Ax > B2 Bwe 2 DNASTH > ERESH 5 #3F
Loy g %A\:ﬁ%:};zz HLEF LRI o RELBEYH CHEFES DR b S~ F gk [T8] e
AR LA A STL 2 F o fist i 22w 5 v vh b~ RS 2 M E RIEZ BRI BT s @ A B b
Bpoavop gn4 Z TN [ AR AR ’J‘ﬂ Wk EER 3 35 g o L EE 7 B R E RS o gt b3 OGTT
PEFE > B3 F R B2 AREERCEFR 22 PESFESF ML ¥ FHHR
/}a)’z%ﬁ%ﬁi@gﬁ SRR R RPOR R R FH A HOMA-IRCE § Frfupddp o F A > SRR %
g2 e dvend oRk s - IR e

WA F I hp AR AT Wfiﬁ?{ﬁa‘%ﬁwﬁaﬁﬂi T X2 — o Fpt A F
PR TP RS R o U s A R T IR U AR (510 & 20mg/kg BW) iE & STZ %
2 AR BLAD * £§¥“§ MHZ s T FIRAE RIEM > ¥ 20 mg/kg BV ¢ 25+ B F 4 2
STZ-DM ~ R E ~ B " H af P& ~ M8t n ¢ 22 08 FR - ITHYHEn P %2 35
B Fq -0 PEFIERER [58] A7 0 40 mg/kg bw ¢ tEEIE P E @ STZ-DM ~ B > A8 8 % 21 = 47
EWgSkds - e AT RFER BREROR S RUES F BEER > VEFRoF F B L0
OGTT #p FF B F 3 4e % B ¥ BB 2 WL ZAHE > BHFR ¥ Fa @ 5w ff\m v Rk
Bedo ped TR R & oo Y R ST F - A AORIE 2+ B B S 20 mg/kg BW
POAREET B F R MR AOR R HOMA-IRC% § Fredufttdp#o) 2 & @ WERm [T9] - 2 ¥ 2 2
PEEHSCOHME - P BEEZ 2949%300.9-1.8 2 3.6 mg/kg bw - e FpE B aRF 3 6 2
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»e%k 2 A7 40 mg/kg bw P A2fERE i}“i'ﬁ”* p R R E Y T IR S B SR
TR MR AR (linalool) i 4 EHIBFEE AL > B2 HR AT HE 510
220 mg/kg bw 2 preAfg o AT HFREICOTHEFRH e v ZERZLEYLEZ7E 2
SRR P RN Rk PP R a D f REMR YT sgéﬁw%%*ﬂﬁﬁﬁﬁﬁﬁ
B izfreni®d > ZARBEAMETELLEZAAZ2 0 (0 gt Hr B LI i s - K
ﬁ/F ° 2‘\/{32’%5& ,__;}%F}]F’a*z BUES 2 EHM %ﬁ%‘“i li%é : I']’fgﬁ-gqgf’ﬁ&/%)i - IR
Hrroppe R A A SRR %G FIERGNA R Rl — o AT BRER o 2 BEMH D &
BT d % g Al R Eecd o P PR AE I B M o B9 COMFE M Sk R
Pl & 5 BB T E 4] - Glibenclamide B>/ fetkk 536 ) (5% 45 > 777 3R > W Fjops b 4 i
;4% 5 pR* glibenclamide ¥ A F " M > BFH v BLE 2 AR HFR L P B L S
F e R ROEFRRE MO% E reda [80] A Mﬁz’“iéa 2R AR E A MR < B
2EBEMS LR RS AR R R T T A R R S RBIRIRR PR AR R 2
sl B & pe gt 2 2% ¥ glibenclamide 4p iz 0 @ i%ﬁnm POLE R ER 2R L F ook PR
gllbenclamlde od WAy LS CO AP HEES > ROGTTHRF > ¥ fx ? %42 GIP~GLP-1 2

AE ERBFEREIT S E P 5 FNE T ERE-L 2 PR LE TIPS O
A QLR B e o E E F o

B ehd Fod g TSR NI iR o g R R o S 39 K

(microalbuminuria) » ¥AEF sS4z ¥ B> Eju']z ¢ A g%m N E-G o TR P ke R R T IE
PR THRA R AT EL S A TURRRT RO R AR [81] arF g P R~ BURR Y Bk
éﬁ%&wﬁiﬁkﬂmﬁiﬂ’%E@%i#%ﬁﬁﬁﬁ’%Mﬁ}vmk§m41%,@74¢
BEHSRFT T UERTERE PRS- LEEFFUP 0 TSR 28 B AR ERER
AL RRFE 0 L RATRERPE DM o £ BHRFFIRER §EIATHRRBRDIFTRL
Glde: 7 9 Feha b2 % (7 9 Fend it iv% (catabolism) A& e i i¥* (anabolism) -
KA FPF R R GEBGES A A AR RER AP R T2 AR BN g+ od
BOFHRR  F R ANTFH A L EFEPA L RER o BINGER] € T o 7+ BUN iT A
i éiféa‘;,%ﬂ PrOp e Rl G B rr [82] o Creatine &/ e 2 18 > € 5d & R %T#”E”“
P s > @ & creatine phosphokinase (CPK) it T ¢ ¥ < creatinine ° creatinine € %

THTY ) DTSR Y AT RS E e ARV R L it BUN /PJ
LT e dp ik o 5 Rl %K i ¥ h’ﬂcreatlmne P8 I up FFRRGE S (creatinine clear

rate, CCR) - fk# ff’ creatinine FR A5 d FHKT Shakit HH e > T AT BripiEsk kR LT Sk il
¥t creatinine s FERE S 1t H 7EJ£CCR %‘Wﬁ;‘zﬁ - Py TSk R S
(glomerular filtration rate) o &feh t Gf ¥l ¥ § PR * o= fdpth - * K= Rop ¢ T
A FFRFUELPAFFELE A AR RARA LT EH G TREDEDL > RGP 9 R
vk R TG kg [83] - g dp Lty’iff\}?i%'ﬁ v pE A3 130~190 mg/dl o < %4 (12/15) 0
kB¢ dhicreatinine 3R & ¥ f# [ (creatinine:0.6~1.5 mgldl) *#F » x5 ~ 4 (3/15
) T B v ek g lﬁ:rs IR %o o @ B B A3 250~380 mg/dl P % 0w creatinine ik A&
o BT A 07,5 % » A e RARRY S R R B R G 2,20 Nk P BT B AR AR
% > creatinine ek EF L F A & [84] c AL AREITE ¥ L B q‘%fj\.f];;—“z E 1 BUN ~ CCR ~
GFR #2p & b =1 » b B % 27 b 3f e 3 40 2 4p B @ W< RES 2 BEHDT 1 00 M
J\" BUN» »z % ¥ glibenclamide 4p % > 2 fap g ks @ HE et g FEH 0 v 28 < CCR-GFR >
MAE LG T* > BHEE v B CCR A7 ¢ B Ehd g EHP L Ei e d TRTH 02 sak R
PoARpE kT4 o
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BEFPTY RApg EoE R L AL ROSE+ F B4 o en L EARTIREREHET M o F i
WA pAF IR FEFERFY PRCAFLEIF DI F P AR RETHET [l
T SRR TR o b B IRGE RAAS 9 T Skt F B M4 0 0 R SRR B D
BHA A THRAN LS [85-8T] gt b RIRATFHERE S P HRF CRS KR I
eF LR s D PR R § AR 2 FUF B SR REE R B
Barbard % « 1% STZ #-| BGES M/ % M g H 4 B heie? 2 ROS 2 £ 42 ¥ ¥ 2 HO, 3 2
[88] - ¥ ¢t & Huang % % 73 @ » % = A p k2 % b x? MDA 7 £ § 34 ® SOD i# L § ™%
[89] - Brito & « 2 Bonnard % 4 P RbE R R FREMMPM ROS 2 22 i (V2R € H 4 >
T oLERY 2§y 1 p¥% (glutathione peroxidase ~ SOD -~ catalase) MRNA ~ 3o B 2 H jE b2 2R ¢ T '%
[90,91] - » v‘}I;FJe:};] NERY ROS Z EH 4 AMART HELHFLIRFZ- > 23 TRHELBRRBLE
H2 ¥ #aR® v MDA 7 B # 4r ¥ FF i f% % & 2 (catalase ~ glutathione peroxidase ~ SOD) ™ *%
[92,93] - & invitro ¥ % ¥ » L &St F EHRE P € "% i1 Total Glutathione 7 £ [94] - #&= 3 f1#
STZ A Aoz« Bl R P-H A v 3658 T2 % f 0 i8(7 MDA 7 2R3~ #oF 1"
BRI TR AR ER T A R FRAGAMDA 7 £~ dd PEEE 2 AR Ak
R R ESTZHBMARAHL F Rt B2 AREL v EL Y BV FRMDAZ EHF A~ F
[l BETER R AU SIS A EaE A & E ) LA ST ),?%i~f‘=$3=#ﬁ e

Mo A A g MM Lk 7 R A e 2 WA R [95] o MR Kme ek B R g
A SFmr Y ¢ B R ML FAAR A G Rl A R FBE AN [96] 0 &% - Al
B B i ? 7 TNF-o 2 Jk R34 [97,98] » &% = Al Ap B i 2 B Ave? A7 B R
TNF-a ~ IL-6 2 IL-1B )& & # 4c [33,98] - » 7 v‘)l%;};, NF S R B e IL-1 Xl 2 R
(IL-1Ra) 5 » ¥ #4e B lmPe 35 % #ic [99] - ¥ ¢F » NO 2 2 & = 3% 1% Nitric oxide synthesis (NOS)
B g leed 25 pd AEHNOF B2 2 NOg™  » i&d F50 g RS W42 8 LREET
[99-102] o fddfiops ~ BT Shaf A K%Y ¥R~ £ IL-1B 2 TNF-o > 3p g Lwie ek (IL-1B
IL-6 ~ IL-18 2 TNF-0) 2igfpie 1 Top %2 &£ & 0e [103-106] &4 % 12 STZ 343 ¥ Fop 2
SR ERPEEEE R e R TRE B e 87 E LweE (IL-1B 2 TNF-a) #l2 % NO 2
BRI KX ETEFF LIRS o BEBT > AT I 2 STZ B8 8 F 3 4o 8 Lwie ek (IL-1P
%2 TNF-a) 2 NO 2 & » &2} ﬁt;ﬁ%i%ﬁ@mp me o

W AR R S HR SR RE AL FEERP T RS A 0 2 BiE 2R
X 2_# 5¢ - C.kotoense 2. £ 5B~ ¥ %g#fr*%}:d ROS % #r+41] non-small cell lung cancer (NSCLC) A549 ‘m
ez A2 4 £ [107] - feinvitro 57 & ¢ 4pdy > Cotamala 2 7 fR 5 P4 7 R MR AR < BB T2 %
*ia synaptosomes f; B iE ¥ 2 A 0 T 5 3 ;ﬁ-",!rt superoxide % hydroxyl radical z_ ;=% [108] - C. tamala
2 LEBFy FH ST B2 S 85 7 catalase 2 iE % [109]  C. zeylanicum #A -k X B4 7 1 4o
B PE TR 4L @ 2~ BUFY SOD 2 catalase 2. iE T tE Mg i F L AR [110] o S WOLRGEE ¥
IFG (impaired fasting glucose) 2 Bl RkEF > 25 FRVEH R :‘rf; RER S CEILE N SR A
i k¢ SOD 2 GPx z_/#1 [111] - C. zeylanicum ~ C. cassia 2 C. osmophloeum z_-k % 3~ ;‘g;’; 5 E
RS P Y R 2 F i [112-116] 0 o2 pkdp o A B % B R A B TR
superoxide dismutase (SOD) -~ glutathione peroxidase (GPx) % glutathione-s- transferase [61] » » ¥ il 7]
it arilde2. ROS A 2 FRe By PRz £ T2 R [60] o B~ el * EF 3 (HO) #
#FF R4 > R linalool T L H A FiEE CARR [117] - ¥ b o A # G2 < & linalool 5 % IR
linalool ¥ i 4& F]1 £ & #7514z c?g FiE § 1“2 & % 1§ 1 i % (Glutathione peroxidase ~ superoxide
dismutase) FHET *5 2 575 [118] - B w o &2 2 (C. osmophloeum) 3% rﬂq‘%fj\}}ia argldez & iV R
P2 BFN A G wm AP THEA I PR EF R OR S R PR T B s T A4p I
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e SRR 0 2 R BEMR T B E R ORTI AR PR R Y 2 TS R
2 TR AR R A BORE B if e P iy “f¥ % (SOD -~ GPx % glutathione reductase) &1 % 4%
PR g § o snk g g £ glibenclamide 47 o P 2 g R EH W Eié}ﬁ%ﬁ]«}{%i LR A 2 (E* IR
S et *v?i I dl2 2x % > HiTd 4 “f TR Rt ok p AN ¢ linalool & H s 2 A o

g Xy Livr 2772 5375 éxgk?‘;’éﬂ? o finvitro g % ¢ > C.cassia #tA 'k 3 B4~
¥ & > % PMA (phorbol 12-myristate 13-acetate) % ionomycin #|rz. RAW264.7 E ¥ fm %2 85 X fw e
Wk 2 2 &2 (IL-1B ~ IL-6 ~ IL-12 ~ IFN-y ~ TNF-0) [119] - * # = (C. osmophloeum) ¥ # i ¥ ' i<
RAW264.7 E v’f; w2 & LPS %4 T NO ~ cyclooxygenase-2 (COX-2) % prostaglandin E2 (PGE2) z. % &
4 [51,120] - BEMB S 7@ Erfioe 2 B Pimee & LPS % T IL-1p~ TNF-a 2 IL-6 F-v 2
mMRNA z 4 1§ ;)é» > [47121,122] > £7 $r] NO 2. 2 & [51,123,124] = ¥ #F§ < k45 ot > Linalool =
Frd] JTTAAL E vgim?z 2 LPS fj™ NO ~PGE2 2 COX-2 2 24 &= [69] - ¥ *t > 3 Q‘}I%a‘;q SR O =
TV Eesimie 2 B P me & LPS 35 T IL-1B~ TNF-o 2 NO 2 % L E %~ [47,48,125] » @ » 4= 3
4O TR BT R AOR < BUER . R TE B8 ¢ IL-IB TNFra 2 NO 2 7 £ > i 4
ER- Koo T AP TR LR HEMN S TR MR S BULS - B R BRRE R Y
IL-IB~TNF-a 2 NOzZ z & »»x% i3 p g o d AT TR Y 23 P a2 2 5% @
v linalool 3 £ 5 2 > fasmAF i b LR Biv 2 & p 2 ¢ linalool » 3 7 &t B o LB R R
g 2s 7 nb#”]‘ﬁzdv LANER I #m? LAz Foap ko ¥ b g ok s B GBC o it
COFigf L iv* 5 304 Ejp = 3t H i w 2 2k o

¥

;_va:«j\p;i%;g CO +# ;y:_-,_ﬁg:fj\ﬁﬁév,fﬂm HOMA-IR > &ET—FFIQ—%EE#« %E R \‘V’L’ i®
"o e B CO e BRRAK LB SER L ARRL DL A bk Lpr

COMr»T  MHMEVHFHM & GLUT4 2R E > 7 3 HE CORA FHI-IRP£LRE ¥ CO- #%4
AKt B A2 R o @ 3% § & 7 PFABLPIK 278 & BB DR e g Al 2 CO e
Bep MF B3 2 g A d o g ¢S F gl BRI G & J‘&ﬁ%ﬁ’#%ﬂlsfﬁai%éi’ﬁ :a‘. <~ ¥
Fogrep P GLUTA 2R E S Mpr g SR 3 H B § FRErEdn [126] - 3 A1 4pd 0 %5 B %
W G F H% G Fredz < B> XS C.ocassia 2 54715 » ¥ H# 4o F23~H IR-B ~ IRS-1 2 PIK
29 FARE > FF G PRI FHLBmPERALE FA BRI R, R
< [127,128] -

AEEF 1 C2Cl2 mre fhaz = vep me 2 L h R F R H B ﬁ BB o i (HS) [129,130] 2 |
4 % iF (CS) [131,132] 3 # C2C12 s~f im¥e & i 2 S H e e > & * F 53 I HS it 5 2 %
mrE i s ¥ AL LB X (A #p % creatine kinase 7= {4:& § % > pt & W A 7 7 4piT [129] - C2C12

WA R SRR e P A WL AR B AR IS BT AT
e R IR R BERIIERL S AL g s [131,133] ) AT 2 FRE 2 - R oo
WA RER2Z CO A MA v is2 C2CL12 ) # % H IR~ GLUTA £ 3§ %2 Akt-ser ~ Akt-thr #ifs
L 2 B 3 IR +Bi,g, 2 FATVRZRIMERZ CO M ritsg#E s IR-B~GLUTS 2 PlgK 2o £ 3R >
F2 Za8%E 250 MEBRET P [ERE-N ,%Lu—w P CO vH AL Tmie2 %L 2 F g o F,g:r
T dpdioier C2C12 ,,zm’?e%w»\ L6 Xt e M HRIFP KRB IREBS 3] BRI B F LR J\P\ GLUT4
A}—a—ﬁp" T imPe vt ’i‘gﬁ%c?ﬁ“%‘%%% e > ¥ e PlK .*_v:‘]v}ﬁg'éc ¥ Akt@*ﬁ&,uiﬁﬁ & BE [129] -
b 3T3-L1 *q %m w2 th2_ 47 3 » 3¢ > Cinnamomum burmannii 2. X B~4» 2 4 it H ) 20§ Aagg » k43t
kv fs 2. C2C12 fmPe 3 | a4 IR-B R0 FAIRE 2 GLUTA 39 F¥r mRNA (h& 3RE » #F
cinnamon 3 #% < % § % wiﬁsw Faama 4 [129134] > » #2741 COZHR- R AT 57
8- Hrrin CO $3ofEchimie % f 2 3 4T 4.8 n éa;ﬁé Seap L B R B R B D F F B
#P > I ¥ kB 2 F F pE oA i 2-NBDG  (2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-
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yl)amino]-2-deoxy-d-glucose)if CO %43t m?e B~ § § #it 4 2§28 - 2-NBDG £ &2 § a4l - €
FHd GLUTA 32 » twie > fe i » {2 @i f1% 7 @2 SR A 7 g k2 i 2|40 $20 f §
FEHEB-2_ i 4 [135] o A7 % 12 CO AR A {4 ¢h1 C2C12 fme {4 ¥ pLBRF| @ R 2 CO (0.2 pg/ml) £
FRA N AR 4 29tk Leeetal IR 3TI-LLFgplmie Rl S F RER 2
% k3 (flavone glycosides) /i » i » ¥ #& % 2 GLUTA i i » & 5 4c IR-beta Bk 1 - LR w22 3
B M4 [136]cd 2 TET %5 F 1T CO LG Hivwme § ks 177 -

S S BwmBEER
FEAPLEET I ASTLAS 2 op ~ BUES Ry R B2 o @2 p BEMHD > 7 eI BB
g Jlgsk o E M Y PR AR R A TP R R R R R AR g R T R K d
Wi A E RN B P RRRER o RUIRE FMBIET A HER N T
e AR 2 LG F e e T o PR EM R R SSTZAE 2 R < B PR AT
# 5 4aBBUN S CCRGFR~ 2 6 3w Ao 2 HE AW b b Full fopid i A 3 Bt s v
gt e JRYE w fE#glibenclimidez 17 ¥ o @ F it 2 Wik RIS P HERB L EL FE
FLE R e b E A2 (FF 5 304 A BB ah R~ B Ao Bl P A g 1R fug LR
Wkosric » ¥ 2 gk 4 ift p 425 % glibenclamide - 2 p £ E ﬁE”J R T m BEE TR M SRR R
L THRRLE R S SR F TR 2 P R RSE T o 19500 vivo & in vitrog
BEa A REHSTE RS ERMET R a2 g e FAUEA T 2 AREEL AR
zmsa%p’»gg’% s 2 inVivoREL BB T H o %k B3 F 2 glibenclamide o d 3t A AR FE - £ (S
L EERERATR Y 3 R R AR A A g R B R AR A R B U AR
oo D TR R R ARBEE D 2 e o L BRAAF LR LM HE > R
B A REAFRPENBFE (data not shown) » & AFT 7 F IR AT * b e F B L FFsLE A 4o
@%mﬁ,aﬁAﬁﬁAAA'A%ﬁ P koA e e 320, 38%2 camphor » Bl F 2 A2 4 5 H S
Mo A RIUR R Y U OR RS F L TE S B A ke HER o

AP F ARG T

w&*$4¢+#%mmmﬁﬁﬁﬁﬁpf»@éﬁiﬁwwﬂﬁoﬁﬂéu?%ﬁpi’ﬁﬁ
BFCOru o ie® 2 Ap 4] > L2 p HEHREH W EEL 8% RBRIAFL B ET 4G G
gwi4_¢+ﬁﬁ@ﬁ%zLﬁ£%¢@£wa,m@&% PRIALE > HG kT fE e A
Bt o R B A R e AR SR AR S EA L PG AR 2
i&éﬁm’ﬁpiéﬁ&ﬁ%&ﬁﬁihﬁmﬁ@ma;w@pzag$%ﬁ%5wﬁ%g;ww
Frerr  FELR e EFAFFHEF (2011& &) > 3 ’4'),%’%’2:&" %0 Prle AR PO ORI B
PLEA AR P IE R TR R S R o kG 4 L R o

@ﬂﬁ@iﬁmﬁﬁﬂﬁ’ELE$G?4#ﬁﬁﬁﬁ5#ﬁﬁﬁ%@@$3£*fﬁw%*
CEIDC A FMA T AP R BT RRRF T AP R L RAE B A% b TR A g Y

R 0 R ATE R n'ﬂi:% w F‘«m VztrOELA* A LT Hp iR 7 *ﬁi%;,w?'ri’— P A KRBT SR
G RE A RERRE AT E R 0 bl p HEMN Y ASTI-Efop S B2 R Y 2 s TR
%*L$%’%9J*wﬁﬁ4iﬁ)ﬁéﬁGﬂﬁ)§$*“’4<5:4;FK§%%§gﬁg
TEFAE(oM 2 oF )0 a2 REMD R R PRS2 FLE LR SR
b E(- FEFENE =L rﬁﬁaﬁgﬁgﬁﬁmpdguﬂ),m__MﬁﬁﬁMﬁ%%
BEXMAE LI EAMEZ F N2 nvivoEr InvitroF 3 %% > e L &2 (- FE- #)F £ 5 =L
NEGAEKEGECTEEMFAE(54) T RPRLFMEE SR T PR MY
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Table 1. Volatile Components in the Native Essential Oils of Leaf from C. osmophloeum Kaneh.

Number Compounds RI* Composition CAS No. Formula MW | Number Compounds RI Composition CAS No. Formula MW
1 ethenylbenzene” 871 0.01% 100-42-5 CsHs 104 52 (cis, trans)-0_-farnesene 1434 0.20% 26560-14-5 CisHos 204
2 tricyclene 920 0.01% 508-32-7 CuoHis 136 53 aromadendrene 1439 0.23% 489-39-4 CisHu 204
3 a -thujene 924 0.06% 2867-05-2 CioHis 136 54 B -farnesene 1450 0.06% 18794-84-8 CisHu 204
4 0 -(+)-pinene 932 1.38% 80-56-8 CioHis 136 55 a_-humulene 1452 0.37% 6753-98-6 CisHae 204
5 benzaldehyde 936 0.11% 100-52-7 CHsO 106 56 a_-acoradiene 1457 0.06% 24048-44-0 CisHu 204
6 a _-fenchene 943 0.03% 471-84-1 CioHis 136 57 alloaromadendrene 1459 0.15% 999209-01-5 CisHu 204
7 camphene 945 0.63% 79-92-5 CuHis 136 58 a_-amorphene 1472 0.21% 483-75-0 CisHu 204
8 sabinene 967 0.08% 3387-41-5 CuoHis 136 59 a_-curcumene 1474 0.22% 644-30-4 CisHa 202
9 (-)-B_-pinene 972 0.45% 18172-67-3 CuoHis 136 60 germacrene-d 1477 0.09% 23986-74-5 CisHae 204
10 B -myrcene 984 0.35% 123-35-3 CuoHis 136 61 B -selinene 1483 0.07% 17066-67-0 CisHu 204
11 a_-phellandrene 991 0.04% 99-83-2 CuoHis 136 62 Y _-muurolene 1486 0.02% 30021-74-0 CisHu 204
12 3-carene 1004 0.01% 13466-78-9 CuoHis 136 63 a_-zingibirene 1488 0.02% 495-60-3 CisHu 204
13 a_-terpinene 1010 0.03% 99-86-5 CuHis 136 64 B _-patchoulene 1491 0.27% 514-51-2 CisHo 204
14 cymene 1015 0.68% 25155-15-1 CioHus 134 65 acetyleugenol 1494 0.51% 93-28-7 CuHuOs 206
15 2-hydroxybenzalde 1019 0.14% 90-02-8 CHeO: 122 66 [ -bisabolene 1502 0.21% 495-61-4 CisHu 204
16 1,8-cineol 1021 0.64% 470-82-6 CwHisO 154 67 Y_-muurolene 1508 0.36% 30021-74-0 CisHu 204
17 limonene 1024 1.53% 138-86-3 CuHis 136 68 18, cis-calamenene 1513 0.16% 483-77-2 CisHa 202
18 trans-0_-ocimene 1030 0.05% 3779-61-1 CioHis 136 69 O -cadinene 1517 0.96% 483-76-1 CisHax 204
19 B -ocimene 1041 0.05% 13877-91-3 CioHis 136 70 cadina-1,4-diene 1528 0.04% 29837-12-5 CisHu 204
20 Y _-terpinene 1052 0.07% 99-85-4 CuoHis 136 71 a_-calacorene 1533 0.13% 999343-25-8 CisHao 200
21 cis-linalool oxide 1063 0.13% 999083-25-3 CioHisOs 170 72 (+)-nerolidol 1556 0.43% 142-50-7 CisHxO 222
22 trans-linalool oxide 1077 0.13% 11063-78-8 CioHisO: 170 73 lauric acid 1566 0.07% 143-07-17 CuHuO: 200
23 terpinolene 1081 0.10% 586-62-9 CuHis 136 74 (+) spathulenol 1572 0.39% 71171-55-2 CisHxO 220
24 linalool 1102 40.24% 78-70-6 CuHisO 154 75 caryophyllene oxide 1575 1.00% 1139-30-6 CisHxO 220
25 camphor 1131 9.38% 464-49-3 CuHiO 152 76 (+)-ledol 1581 0.07% 571-21-5 CisHxO 222
26 benzylacetaldehyde 1135 0.22% 104-53-0 CoHiO 134 71 guaiol 1592 0.05% 489-86-1 CisHxO 222
21 3-phenyl-2-propen 1158 4.06% 104-55-2 GHO 132 78 humulene oxide IT 1599 0.13% 19888-34-7 CisHx:O 220
28 4-terpineol 1169 0.20% 562-74-3 CuH:O 154 79 alloaramadendrene oxide (I) 1617 0.01% 999012-25-8 CisHx:O 220
29 estragole 1181 1.31% 140-67-0 CwHuO 148 30 ledene oxide (II) 1619 0.08% 999029-51-9 CisHxO 220
30 trans-cinnamaldehy 1190 0.17% 14371-10-9 CoHsO 132 81 6-cadinol 1621 0.06% 19435-97-3 CisHxO 222
31 octyl acetate 1195 0.05% 112-14-1 CioHoO: 172 82 10,10-dimdhyl-2,6-dimethyle 1626 0.03% 19431-80-2 CisHxO 220
32 cis-citral 1219 0.07% 106-26-3 CioHisO 152 -bicyclo[7.2.0]undecan-5-o0l
33 cinnamaldehyde 1249 6.87% 104-55-2 CoHsO 132 83 isoaromadendrene epoxide 1630 0.03% 999012-24-0 CisHx:O 220
34 chavicol 1261 0.25% 501-92-8 CoHuO 134 84 T_-cadinol 1635 0.03% 5937-11-1 CisHxO 222
35 trans-anethol 1270 0.04% 4180-23-8 CiHrO 148 85 ortho-methoxy cinnamyl 1639 0.08% CHuOs 206
36 bornyl acetate 1273 1.72% 76-49-3 CuHx0: 196 86 a -cadinol 1647 0.19% 481-34-5 CisHxO 222
37 cinnamyl alcohol 1291 0.14% 104-54-1 CoHiO 134 87 methoxyeugenol 1675 0.10% 6627-88-9 CuHuOs 194
38 eugenol 1340 0.55% 97-53-0 CioHrO» 164 88 zerumbone 1713 0.03% 471-05-6 CisH20 218
39 cis-cinnamic acid 1347 0.23% 102-94-3 CoH:O2 148 89 farnesyl acetate 1821 0.03% CuH»02 264
40 a_-cubebene 1349 0.11% 17699-14-8 CisHa 204 90 6,10,14-trimethylpentadecan- 1835 0.08% 502-69-2 CisHiO 268
41 geraniol acetate 1365 0.43% 105-87-3 CiHx0» 196 91 farnesol 1897 0.03% 4602-84-0 CisHxO 222
42 (+)-cyclosativene 1368 0.05% 999209-12-9 CisHo 204 92 rimuene 1929 0.78% 1686-67-5 CuHx» 272
43 a_-ylangene 1371 0.09% 14912-44-8 CisHos 204 93 ent-pimara-8(14),15-diene 1946 0.10% 19882-10-1 CxHx 272
44 isoledene 1373 0.02% 999350-67-0 CisHos 204 94 hexadecanoic acid 1963 0.69% 57-10-3 CisHu0: 256
45 copaene 1376 0.85% 3856-25-5 CisHo 204 95 bornyl cinnamate 1 1989 0.07% 6330-67-2 CuHuO» 284
46 a_-bourbonene 1383 0.07% 999137-43-5 CisHo 204 96 manoyl oxide 2009 0.14% 596-84-9 CxHxO 290
47 B -cubebene 1386 0.04% 13744-15-5 CisHa 204 97 (-)-kaurene 2038 0.10% 562-28-7 CuHx» 272
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43 B -clemene 1388 0.04% 515-13-9 CisHo 204 98 phytol 2106 0.03% 150-86-7 CaHuO 296
49 coumarin 1410 2.13% 91-64-5 CoHeO» 146 9 linolenic acid 2128 0.17% 463-40-1 CisHxO» 278
50 caryophyllene 1418 2.65% 87-44-5 CisHu 204 100 oleic Acid 2134 0.12% 112-80-1 CisHxO» 282
51 trans-cinnamyl 1427 11.71% 21040-45-9 CuHrO: 176 101 octadecanoic acid 2161 0.06% 57-11-4 CisHz0x 284

aR|, Kovat's GC retention index calculated with Cs-C25 n-alkanes as references; bThese volatiles were identified by comparing with the standard or authentic sample, while others were identified by referring to the computer mass libraries to
compare the mass spectrum with the published data of known chemical structures.

28




Foo 0 X SEF B AR 15 SRS R B

Table 2. Metabolic characteristics and fasting blood glucose level of rats
before and after the induction of diabetes’

Control DM
Body weight (g) Day 0 128.519.5 128.843.5
Day 3 172.9+16. 9 141.045.1°
Food intake (g/24h) Day 0 15.9+1.0 17.141.0
Day 3 18.6+2.0 38.0+2.1 °
Water intake (ml/24h) Day 0 32.611.8 45.2+4. 8
Day 3 37.145. 1 230.2411.9 ©
Urine excretion (ml/24 h) Day 0 8.610.9 10. 242.0
Day 3 7.840.8 188.8+14.8
Blood glucose (mg/dl) Day 0 5749.9 57+3. 4
Day 3 79.8+9.7 523. 6468.2

*Values are the mean + SD for six rats per group and determined before (day 0) and 3
days after (day 3) the injfection of streptozotocin or vehicle.
* Significantly different from the control group (P < 0.05).
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Table 3. Metabolic characteristics and tissue/organ wt/body wt ratio of control rats or streptozotocin-induced diabetic rats who did or
did not receive CO, cinnamaldehyde or glibenclimide®

Control-V DM-V DM-COL DM-COM DM-COH DM-CA DM-GBC
Body weight gain (g) 83.8+20.2 48.1+10.9" 65.3+18.1 64.3+16.3 55.7+18.7 51.5+27.4% 44.8+375
Food intake (g/24 h) 22.7+¢1.3 33.5¢3.7% 23.6+0.9° 25.042.2% 25.5+3.7% 30.5+6.9% 26.2+12.0%
Water intake (ml/24 h) 52.3+9.6 160.3+23.5% 92.5+16.2° 128.5+25.7%  123.3+242%®  102.5+63.3% 126.2+20.1%
Urine excretion (ml/24 h) 14.3+1.7 145.8+15.5% 104.2421.3%  117.4+17.8%® 110.3+22.3*  100.5+61.2% 119.3+23.4%®
Skeletal muscle wt/bw (%) 1. 48%0. 05 1.18+0.017% 1. 4620. 60° 1. 34%0. 07" 1. 40£0. 04" 1. 3240. 09" 1. 3820. 08"
Liver wt/body wt (%) 3.52+0.19 4.84+0.26 3.94+0.26° 3.99+0.44° 4.23+0.24%® 4.53+0.27" 4.59+0.20 ™
Spleen wt/body wt (%) 0.28+0.03 0.31+0.03 0.27+0.03 0.28+0.02 0.27+0.03 0.28+0.03 0.28+0.01

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40
mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

¥ Sum of Gastrocnemius muscle, Soleus muscle and EDL muscle.

* Significantly different from the control group (P < 0.05).

a,b, ¢ Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Table 4. Fasting blood glucose levels of control rats or diabetic rats who did or did not receive CO, cinnamaldehyde or glibenclimide on
different days after the induction of diabetes

Fasting plasma glucose (mg/dl)

Time after
induction
Control-V DM-V DM-COL DM-COM DM-COH DM-CA DM-GBC
Day 3 88.9+5.2 165.0436.6" 164.9+44.8 165.3+17.5 164.6+46.8 165.7+28.3 165.7+9.7
Day 10 89.8+9.8 200.7+41.8" 129.6+34.6 166.2452.8 2 160.8+51.4 % 177.0455.0 % 186.8+73.9 2
Day 17 89.5+7.1 316.4+88.5 160.9+32.4 249.9+76.6 263.1+119.9 ° 275.0+95.4 2 302.5+81.8 °
Day 21 89.318.7 4293+61.37 174.6+47.3° 323.8488.7° 327.2461.3° 369.8+109.7 °° 393.5+85.5 °°

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40
mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

* Significantly different from the control group (P < 0.05).

a,b, ¢ Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).

31



“ipdlez y MBS P HEND - F HEEZ glibenclimide 2 BB+ R ¥ B4 MEEL AR ~ % BB S FRERIER 2 HOMA-IR

foF
ey

Table 5. Levels of free fatty acid, fructosamine, and uric acid, and the calculated HOMA-IR value of control rats or diabetic rats who
did or did not receive CO, cinnamaldehyde or glibenclimide*

Control-V DM-V DM-COL DM-COM DM-COH DM-CA DM-GBC

FFA (nmol/ 1) 0.7110.247 1.374%0.636™  0.928+0.192" 0.743+0.240"  0.786x0.179"  0.822+0.218" 0. 904+0. 283"

Fructosamine 1.174+0.908 13.798+8.416™ 2.874%1.001" 2.841#0.371"  3.602+0.551°  3.472+1.094"  3.808%1.511°

(mg/dl)

Uric acid 2.784+1.196 9.863+2.607"  3.495+0.473" 4.877+0.326°  3.456+0.551°  4.484+0.918" 4.116+0. 313"
(mg/dl)

HOMA-IR 1.02040. 324  4.565+0. 756™  1.562+0. 283" 1.211+0. 308" 1.042+0.219"  2.023+0.687" 1.827+1. 085"

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40
mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

HOMA-IR values are calculated with the formula: fasting plasma glucose (mg/dl) x fasting plasma insulin (uU/ml)/405.

* Significantly different from the control group (P < 0.05).

a,b, ¢ Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Table 6. kidney weight/body weight ratio and renal function of control rats or streptozotocin-induced diabetic rats who did or did not
receive CO, cinnamaldehyde or glibenclimide®

Control-V DM-V DM-COL DM-COM  DM-COH DM-CA DM-GBC
Kidney wtfbw (%) 0.8740.03  1310.03®  1110.06°  1.1040.10° 121+#0.02®  100+0.19°  1.18+0.07%
Urinary albumin (mg/24h) ~ 1.38+0.17  4.08+1.33"  2.07£0.41%*  201+1.16® 1.43+0.18* 3.51x0.99 " 3.88+1.89°
Blood urea nitrogen (mg/dl)  17.1+2.8 58.5+15.0 * 26.4+3.1° 30.5¢5.4%  32.0+8.3° 43.0+6.7° 31.2+8.6°
CCR (ml/min) 0.33+0.09  1.13+0.22% 1.16+0.36 ° 0.58+0.10% 0.71+0.11*  0.92+0.14 " 0.92+0.12 ™
GFR (CCR/KW) 0.15+0.04  0.46+0.06 ™ 0.51+0.15°  0.25+0.05* 0.36x0.09%  0.43+0.05 " 0.39+0.06 "

“Values are the mean + SD for six rats per group.
Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40

mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

CCR (Creatinine clear rate) was calculated with the formula: ( urine creatinine (mg/dl)x24 hours urine volume (ml)/1440 (min) ) /plasma

creatinine (mg/dl)

GFR (Glomerular filtration rate) was calculated with the formula: creatinine clear rate (CCR)/kidney weight (g)

* Significantly different from the control group (P < 0.05).
a,b, ¢ Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Table 7. Antioxidant and inflammatory parameters in skeletal muscle of control rats or streptozotocin-induced diabetic rats who did or
did not receive CO, cinnamaldehyde or glibenclimide®

Control-V DM-V DM-COL DM-COM DM-COH DM-CA DM-GBC

(nm;?rﬁ; smt.) 0.21+0.05 0.63£0.03™ 0.38:0.02 " 0.3840.02 " 0.46+0.14 ° 0.3740.05 ° 0.56£0.10 %

(Ul mg prot) 17515039 049:010"  1420020°  145:037°  100:012*  100:032° 0792008

(nmol N ADP(;P,)%m,mg orot) 27.616.3 17.7+2.8™ 21.745.4° 22.746.0° 222446 % 24.1449° 19.4+1.4 %
(nmol N ADPGHF;g“n,mg orot) 7.50£1.28 4.43+0.87" 699102  6.28:1.08° 7.631.11 ° 6.30+1.17" 6.4941.27 "
(malimg ret) 0.21£0.04 008:002"  021:004™  0220002° 0172002  018:008*  016:003°

(00 ,'r:]‘élgrot.) 1576£304 4200+942™ 2087+885" 28124903 ° 2897694  2082:857° 37882858
(pg;rnl:lgFg:ot.) 429+109 1586+315" 387+105 ° 7584222 °© 11134362 4924128 ™ 1715+418°

NO 1.20£0.31 218+0.37" 1.2340.09° 1604020 *° 1.660.18 1324017 2.03+0.72°

(nmol/mg prot.)

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40
mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

* Significantly different from the control group (P < 0.05).

a,b, c Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Table 8. Antioxidant and inflammatory parameters in pancreas of control rats or streptozotocin-induced diabetic rats who did or did not

receive CO, cinnamaldehyde or glibenclimide®

Control-V DM-V DM-COL DM-COM DM-COH DM-CA DM-GBC
(nmgl?r':‘g srot.) 0.16:0.04 0.34:0.08*° 019:004”  0412009°  037:011° 0.37:0.1° 0.33:0.04

(Ui ri(;[;rot.) 0.38+0.05 0.07+0.02** 024:003°  016:003°  013:002°  022¢004° 0.08:0.01°

(hmol N ADP?_'F;)r;in,mg orot) 42.1+9.3 39.5:11.0 44.7475 % 45.047.4 % 49.6+9.8° 48.8+6.8° 445459 %

(hmol N ADfHF;%m,mg orot) 22.5:1.8 11.5:1.7%° 19.0£0.7" 14.91.2 15.9+1.6 ° 17.7¢1.9" 15.50.8 °
(nrzg,t,ar'ngei'r'ét) 0.092£0.015 0.005:0.001%*  0.040:0008°  0.038:0006°  0.034:0007°  0.018£0.006°  0.006+0.002°
(00 ,'r:]‘élgrot.) 4905+1743  13287:4169%°  5284r004°  9486:3201°  12638+2026"  7915:1734™  13008+2800°
(pg,Tn':'gF;m.) 2048+575 4258+1266*° 2358:875°% 33261220 3667+833° 3924+1330 4272+1267 °

(nmol/ﬁ% orot) 6.70£0.49 8.27+1.14%° 4.66+0.90 ° 5.37+0.98 ° 7.57+1.61° 5.1241.05 ° 7.84+1.85°

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40

mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.
* Significantly different from the control group (P < 0.05).

a,b, c Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Table 9. Antioxidant and inflammatory parameters in kidney of control rats or streptozotocin-induced diabetic rats who did or did not

receive CO, cinnamaldehyde or glibenclimide®

Control-V

DM-V DM-COL DM-COM DM-COH DM-CA DM-GBC
(nm;%\;smt) 0.41£0.06 1.0240.29% 1.15£0.11 1.15£0.26 0.96+0.23 0.91£0.15 1.12+0.07
(Ui ri(;[;rot.) 0.28:0.08  0.13+0.03*° 0.27:0.07° 022¢007™  0112003°  017:004% 0202004 °
(nmol N ADP%P,)r;mlmg orot) 61.46.3 45,247 5% 57.4+4.6° 53.4£9.7 % 162:52"°  53.6:105% 42.8+8.2°
(hmol N ADfHF;%m,mg orot) 24.2:25 7.07+1.00%° 21.0¢22" 18.9+2.7 " 16.9+1.6 © 201236 " 104216 °
(nrzglt;irLS?:)t) 0051:0.008  0006:0.002*"  0039£0009°  0026:0.005°  0025:0006°  0.018:0.007"  0.011£0.002"
(ol arot) 38108+9009  56569+12541%" 22827+11860° 37772:19576° 25210:5260° 35039+7129°  36751:9277"
(pg,Tn':'gF;m.) 45251046 5040:1568°  4524¢1242°  4888:1069°  5052¢1183 %  5250+1023% 55782871 %
NO 204:0.48  316:064%° 2088049 2004034 200:039°  203:041°  266:0.50°

(nmol/mg prot.)

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40
mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

* Significantly different from the control group (P < 0.05).

a,b, c Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Table 10. Antioxidant and inflammatory parameters in peripheral blood of control rats or streptozotocin-induced diabetic rats who did
or did not receive CO, cinnamaldehyde or glibenclimide*

Control DM-CO TC-L TC-M TC-H CA GC

(nInilAFrin 1.82+0.34 5.66+1.35%° 275+0.40 ° 5.91+1.05° 5.40£2.19 % 7.00£2.23 % 5.95:1.45

(US (/Dral) 53.4£15.1 31.4:1.8*° 37.3463° 34,4149 % 31.6£3.4° 30.2:1.8° 31.5:5.0°
(hmol N A%F;,),(_' min/ml) 909.6£55.9 808.9+71.9%% 0039300  874.4:632°  8785:439°  8852+529%  8421+380 %

(nmol N A%F;?_' i) 32.5:3.0 28.1+4.1 32.39.1 30.5+4.7 28.8+10.6 31.9+75 27.5¢4.4
Ir?rt:cl)ﬁrﬁl? 1.13£0.09 0.54£0.17*% 1082012°°  1.06:034™ 0.96+0.14 ° 1.33:0.34 ° 0.68£0.17 %
o/ 3568760  23719:5096%"  4549:880°  3506+1165°  5120+1434°  585:1897° 284917292 °
(Tpg',fn% 44051623 1204144038%% 216841020 ° 2306:728°  3110+1022°  2735:1525°  4703+2366 "
(nm'\éﬁml) 5.03+2.25 12.95+1.43*° 5.82+0.88 ° 8.39+1.55 7.75£1.06 9.79+2.79 12.02¢151°

*Values are the mean + SD for six rats per group.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO;
DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40
mg/kg bw of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide.

* Significantly different from the control group (P < 0.05).

a,b, c Means the DM groups not sharing the same superscript letter are significantly different ( P < 0.05).
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Figure 1. Effect of CO and cinnamaldehyde on insulin levels in peripheral blood and in pancreas of diabetic
rats

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated
with 12.5 mg/kg bw of CO; DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats treated
with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40 mg/kg bw of cinnamaldehyde; DM-GBC, DM
rats treated with 0.6 mg/kg bw of glibenclimide.Data are means+SDs for six rats in each group. #Significantly
different from the control (P<0.05). a, b, ¢ not sharing the same letter are significantly different (P<0.05).
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Figure 2. Effect of CO and cinnamaldehyde on peripheral levels of glucose and insulin in diabetic rats during
an OGTT period.

Effect of CO and cinnamaldehyde on the increment in plasma glucose (A) and on the increment in plasma
insulin (B) in response to an oral glucose bolus were calculated during an OGTT period. A glucose bolus (1
g/kg body wt) was administered orally on day 17 after the induction of diabetes. Glucose was measured in
plasma samples from the tail vein. Control-V, control rats treated with vehicle; DM-V, DM rats treated with
vehicle; DM-COL, DM rats treated with 12.5 mg/kg bw of CO; DM-COM, DM rats treated with 25 mg/kg
bw of CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40 mg/kg bw
of cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide. Data are means+SDs for
six rats in each group. #Significantly different from the control (P<0.05). a, b not sharing the same letter are
significantly different (P<0.05).
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Figure 3. Effect of CO and cinnamaldehyde on peripheral levels of incretins in diabetic rats during an OGTT
period.

Effect of CO and cinnamaldehyde on the increment in plasma GLP-1 (A) and on the increment in plasma GIP
(B) in response to an oral glucose bolus were calculated during an OGTT period. A glucose bolus (1 g/kg
body wt) was administered orally on day 17 after the induction of diabetes. Glucose was measured in plasma
samples from the tail vein. Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle;
DM-COL, DM rats treated with 12.5 mg/kg bw of CO; DM-COM, DM rats treated with 25 mg/kg bw of
CO; DM-COH, DM rats treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40 mg/kg bw of
cinnamaldehyde; DM-GBC, DM rats treated with 0.6 mg/kg bw of glibenclimide. Data are means+SDs for six
rats in each group. #Significantly different from the control (P<0.05). a,b not sharing the same letter are
significantly different (P<0.05).
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Figure 4. Effect of CO and cinnamaldehyde on the expression of SOCS3 in skeletal muscle from diabetic rats.
Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated
with 12.5 mg/kg bw of CO; DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats
treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40 mg/kg bw of cinnamaldehyde; DM-GBC,
DM rats treated with 0.6 mg/kg bw of glibenclimide. Data are means+SDs for six rats in each group.
#Significantly different from the control (P<0.05). a, b not sharing the same letter are significantly different
(P<0.05).
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Figure 5. Effect of CO and cinnamaldehyde on the expression and activation of insulin receptor signaling
molecules in skeletal muscle from diabetic rats.

Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated
with 12.5 mg/kg bw of CO; DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats
treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40 mg/kg bw of cinnamaldehyde; DM-GBC,
DM rats treated with 0.6 mg/kg bw of glibenclimide. Data are means+SDs for six rats in each group.
#Significantly different from the control (P<0.05). a, b not sharing the same letter are significantly different

(P<0.05).
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Figure 6. Effect of CO and cinnamaldehyde on the activity of PI;K in skeletal muscle from diabetic rats.
Control-V, control rats treated with vehicle; DM-V, DM rats treated with vehicle; DM-COL, DM rats treated
with 12.5 mg/kg bw of CO; DM-COM, DM rats treated with 25 mg/kg bw of CO; DM-COH, DM rats
treated with 50 mg/kg bw of CO; DM-CA, DM rats treated with 40 mg/kg bw of cinnamaldehyde; DM-GBC,
DM rats treated with 0.6 mg/kg bw of glibenclimide. Data are means+SDs for six rats in each group.
#Significantly different from the control (P<0.05). a, b, ¢ not sharing the same letter are significantly different
(P<0.05).
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Figure 7. A comparison of the activity of fetal bovin serum and horse serum for the induction of C2C12
differentiation.

C2C12 cells were cultured in DMEM medium with the addition of fetal bovin serum or horse serum for 2, 4,
6, or 8 days followed by the determination of tje marker for the differentiation of myotube which is creatine
kinase acitivity (A). The morphology of fetal bovin serum-induced differentiation (B) and horse
serum-induced differentiation (C) showed that horse serum was more active for C2C12 differetiation on day 6.
Data are meanstSDs for three culture in each group. # Significantly different from the fetal bovin
serum-treated group at the same day of culture.
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Figure 8. Effect of fetal bovin serum- and horse serum-induced C2C12 cell differentiation on
insulin-stimulated 2-NBDG uptake.

C2C12 cells were cultured in DMEM medium with the addition of fetal bovin serum or horse serum for 6
days followed by culture for 30 min in the presence of 0-150 nM of insulin with the addition of 2-NDBG in
the culture medium. After the remove of the culture medium, the myotube was investigated with upright
fluorescence microscope. The green fluorescence represents 2-NBDG uptaken by the myotube (A). The
cells were also lysed for the quantitative determination of fluorescence in each culture with a fluorescence
spectrophotometer (B).Data are means+SDs for three culture in each group. # Significantly different from the
fetal bovin serum-treated group at the same concentration of insulin.
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Figure 9. Effect of insulin on the expression and activation of insulin receptor signaling molecules in C2C12
myotube.

C2C12 myotube was treated with various concentration of insulin (0, 1.5, 15, or 150 nM) for 2h followed by
the determination of the expression of IR-beta and GLUT4 or for up to 4h followed by the determination of
phosphorylation of Akt-ser and Akt-thr. Data are means+SDs for three culture in each group. a,b,c not sharing
the same superscript letter are significantly different ( P < 0.05).
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Figure 10. Effect of CO on the viability of C2C12 myotube.
C2C12 myotube was treated with various concentration of CO (0, 0.2, 2, 20, 200, and 2000 pg/mL) and

subsequently determined for the viability with an MTT assay Kit.
Data are means+SDs for three culture in each group. a,b,c not sharing the same superscript letter are

significantly different ( P < 0.05).
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Figure 11. Effect of CO on the expression and activation of insulin receptor signaling molecules in C2C12
myotube in the absence of insulin.

C2C12 myotube was pre-treated with various concentration of CO (0, 0.2, 2, or 20 ug/mL) and subsequently
cultured for 2h in the absence of insulin followed by the determination of the expression of IR-beta and
GLUT4, and the phosphorylation of Akt-ser and Akt-thr.
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Figure 12. Effect of CO on the expression and activation of insulin receptor signaling molecules in C2C12
myotube stimulated with insulin.
C2C12 myotube was pre-treated with various concentration of CO (0, 0.2, 2, or 20 ug/mL) and subsequently
cultured for 2h in the presence of 150 nM of insulin followed by the determination of the expression of
IR-beta and GLUT4, and the phosphorylation of Akt-ser and Akt-thr.
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Figure 13. Effect of CO on PI3K activity of C2C12 myotube in the absence or presence of insulin.

C2C12 myotube was pre-treated with various concentration of CO (0, 0.2, 2, or 20 ug/mL) and subsequently
cultured for 2h in the absence or presence of 150 nM of insulin followed by the determination of PI;K activity.
Data are means+SDs for three culture in each group. * Significantly different from the basal group(with the
stimulation with insulin) at the same concentration of CO (P<0.05). a,b Means the insulin-stimulated groups
not sharing the same superscript letter are significantly different ( P<0.05).
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Figure 14. Effect of CO on the uptake of 2-NBDG of C2C12 myotube in the absence or presence of insulin.

C2C12 myotube was pre-treated with various concentration of CO (0, 0.2, 2, or 20 pg/mL) and
subsequently cultured for 30 min in the absence or presence of 150 nM of insulin with the addition of
2-NDBG in the culture medium. After the remove of the culture medium, the myotube was investigated
with upright fluorescence microscope. The green fluorescence represents 2-NBDG uptaken by the

myotube.
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