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[(ME] B WHH: B (cinnamaldehyde, CA ) B B VE T, I 4R 0 HAE FIALE . 5% :6 ~ 8 Ji i A 14 db/db /R 24
SO RS BEHL 53 AR 2, XUIRAL (0. 2 g-kg ™) , Bk B B A 4 41 (0. 025 g-kg ™" ) AR B B 0 77 f 41 (0. 05 g-kg '), 4
#6 K,k CSTBL/6] /N 6 HOIEH o 1RYT 4 JJG K 4% 20 /s Bl 25 I Ui A% ( fasting blood glucose , FBG) , A JIH [ 5
(total cholesterd, TC) , H il =TMF ( total triglyceride, TG ) , {7 &5 JIg Ifi i ( free fatty acids, FFA) , K '] & & fR & Jk %% %% W} ( aspartate
aminotransferase , AST) |, Ifil ¥5 i [ & (fasting insulin, Fins ) 7K ¥, 315 il & 2 #K P18 £ (homa insulin-resistance, HOMA-IR ) ; Bt i
JUE 2 A 00 i e LA R i B R - K (periodiic acid-Schiff stain, PAS) Ze 8 5 5% I 52 i 9 € 2R & B 5% 20 % 17 (Real-time
PCR) , 2 11 292 B30 ¥ ( Western blot) £ JU T JIEAH 5C mRNA Fl4E ik, R AT 4 FJE, SHALA W, CA 4/ BUK B
i, FBG,Fins, HOMA-IR, il JE B RFEAK (P <0.05,P <0.01) , i JR A st & & 8 35 T+ 5 /0 BT U 4 %9 W -6-B% B2 i ( glucose-6-
phosphate , G-6-P) , i iz 47 li5 =X 74 B fi2 2 14 i ( phosphoenolpyruvate carboxykinase, PEPCK) mRNA £ ik i #F [& MK (P <0.01),
p-3 H#8E B(protein kinase B, Akt) , p-H 55 B -38( GSK-38) S H R IB R ETHi (P <0.01) o £k : CA HA FEAK i bt
VE A8 SC AL mT 8 2 3l Ao b 9 I R B2 3R A 5 e B Ak, GSK-38 BRIR AL /K F- , 4l il G-6-P,PEPCK mRNA Rik 518 .

[RBWR] R mE; 2 BIBEIR; A0 45 WE-6-BE TR AE (G-6-P) /B MR 4% B3 =X 70 W AR R 8 (PEPCK) ; & M ¥ E B
(Akt) /456 RE S EE-38 (GSK-3B)
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Effect and Mechanism of Cinnamaldehyde on Insulin Resistance in db/db Mice
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[ Abstract | Objective; To elucidate the effect and mechanism of cinnamaldehyde (CA) in improving
blood glucose in obese db/db mice. Method; Twenty-four 6 to 8-week-old male db/db mice were randomly divided
into model group, Metformin group, low-dose CA group and high-dose CA group according to their levels of blood
glucose, with 6 in each group, while six C57BL/6] mice of the same age were included in normal group. After
treatment for four weeks, fasting blood glucose (FBG), total cholesterd (TC) , total triglyceride (TG) , free fatty
acids (FFA), aspartate aminotransferase ( AST) , fasting insulin ( Fins), homa insulin-resistance ( HOMA-IR) ,

hepatic glycogen and PAS staining of liver were measured. Real-time PCR and Western blot were used to quantify
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the mRNA and protein expressions of certain targets in liver. Result: It was found that the body weight, fast blood
glucose, Fins, HOMA-IR, lipid were significantly decreased in the CA group compared with model group after the
treatment for 4 weeks (P <0.05, P <0.01). Hepatic glycogen was higher in the CA group than model group
(P<0.01). The mRNA expressions of glucose-6-phosphate ( G-6-P ), phosphoenolpyruvate carboxykinase
(PEPCK) in mice of CA group decreased significantly (P <0.01), and the protein expressions of p-protein kinase
B (Akt), p-glycogenkinase38 ( GSK3B) in mice of CA group increased significantly (P <0.01). Conclusion: It
was demonstrated that CA may reduce the blood glucose in db/db mice by up-regulating the mRNA expressions of

G-6-P and PEPCK, and down-regulating the protein expressions of p-Akt, p-GSK38 in liver.

[ Key words |

cinnamaldehyde; type 2 diabetes; glucose-6-phosphate ( G-6-P) /phosphoenolpyruvate

carboxykinase ( PEPCK) ; protein kinase B (Akt) /glycogenkinase38 ( GSK383)

A HY T AR 2T BRI S R R B PR
(diabetes mellitus, DM) &9 K 12 20l FFHEa#H 4
it MR F) 2012 45 4 BRWE R B F Ik 3 3.71 ¢
A BB 2030 AR S BT 5. 52 AL R D IR
g NBE I R 2011 AR IR F) 9. 7% , i i S A
Horb 95% L) BARJE 2 BUBE R (T2DM) |, A 453
LS AL NW 5 Koy T2DM

WA 25 L2 W i 5 | S P B AR 2R L i
BEIT S O il 005 0 AR e Y e I R R
WE5E R W, B A 2 i v 5C B i 4 4 B -6 -1 TR 7
( glucose-6-phosphate, G-6-P ) , ¥# 5 & 1l B 1% Fi-3
(GSK-3) 4 i S A i A % L G-6-P J
AR AR b 6B 1R ) 4 W B A Sy ) 4 W A PR S
AR S A FOBE DG i PR ORI B L iR AR, G-6-P
T R G PR 3 38 7K P 19 228 1 52 o T 1) i 143 R0 i
KO GSK-3 S i 1 JH E A 57 2 o R Y R
Wit , {345 GSK-3a Fl GSK-3B ix 2 FiF # | H af L 5%
W] G-6-P (¥ K[ 23k 5 GSK-38 AT LA i b B I 4
JRCTE A0 R A R, O R R R 2 KR -1
(IRS-1) B AL, 40 58 5 AT S 16 5, 7 A R R
FEHT o Do, 9 AR o A v O R T
JUFE 4 ) A R UM PR TR T B B R AR

H: B2 (cinnamaldehyde, CA) , 5 A5 B} A5 1) (4 £E
R AN S Y, g CH 0, A HFR
7R, CA BEAEREAR/IN BLAS T 1000 7K -, o038 IR 5 R
HEHCAE S A R BT PR PR P
FE LA B R4 2 R DA 26 2 Fh 25 B0 120 AR S
5 B TR WA CA XF H &M 2 BUBE RO B AL db/
db /N ERUBEREAE D, AG I /0N BT JUE 4 30 19 il G-6-P, B
2 s BE 20 TN W B2 A2 I B ( phosphoenolpyruvate
carboxykinase , PEPCK ) & [R #1 2K 4 i B B ( protein
kinase B, Akt) , GSK3B # H W IR fb K ¥ =ik, R 1+
CA FEREIAE P

. 96 -

1 ##

1.1 ¥ 6 ~7 Fi SPF 2tk db/db /N 24
H R BT i (20 £4) g, [/ J& # CSTBL/6] /ML 6 H,
HH P R 27 A ) B 24 0 5 B £ it & IR 5 SCXK
(75+)2010-0001 /]y B ) 57 T v [ o B2 B 2 Bt o B2
FEREFE VS WS BT SPF 2% Zh W) SC 56 235, 4l 48 Al 2
SYXK ( 5t ) 2016-0021, H H # & &k K, T & &

PRGNSR 1R, db/db /N B4 T 4 A i i A
B TR s CSTBL/6J /N B4 T 83l 2 8 Sl ), &
e ] r e AR B v B2 B PR e W 5T BT 3 ) S 0 46 B
B AR I, g5 2016-006,

L2 259 5350 CA CUHR & Ji i BHE A R A W],
L5 C10054406 , 4 & 98 % ) 5 7 % Wi ) 2 K 70 & |
H il =g (total triglyceride, TG ) i 7| & | &L AH [ B
(total cholesterol, TC ) i3] & . Iiif &5 Bg i BR ( free fatty
acids, FFA ) i 7] &, K 11 & & R & Bk 5% % i
(aspartate aminotransferase , AST) i 57| & ( *F A= db 1%
YRR Ay A IR A R S 5000 R YZB/ 5T 0111 -
2013, 146961, YZB/ % 0698-2010, YZB/ 5 06997-
2010, YZB/[E 2080-2003 ) ; i & 2 ( fasting insulin,
Fins) 12 ] & (b 504 3¢ 4 ) £ R BF 58 i, it 5
20162400316) ; i Fl1 R R A=) & LB & R (FH£
v R TR N A B 2 S J20100117 ) 3 PCR R 5
f & (£ [ Promega 23 ], it 5 0000076581 ) ; ¥
JEge R & (I REEREARS AL H S
20150423 ) 5 A4 D A 00 32X 500 6 (R ot 8 A A ) T A
WF5¢ B, it 5 A043 )5 B R L B B B BE B
( phosphorylated protein kinase B, p-Akt) , i i 1k B
i & i B ¥ R-38 ( phosphorylated-GSK-38,
p-GSK3B) , B-WL 3l & 1 ( B-actin) H13¢8 & Hi {k, i
e It (£ [ CST A, #5435 - 0019, 0006,
0010,0026) ; ECL % 5% ( & [# Bio-Rad /A &, #L 5
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170-5060) ; G-6-P, PEPCK mRNA 3|4 i 24 T 44 T
i () B AT IR Rl B, AR 1,

1 5#HF7
Table 1 Primer sequence
314 1751 K J/bp

G-6-P L% 5'-TGGTTGGGATTCTGGGCTGT-3’ 23

T 5'-TCTACACCCAGTCCCTTGAG-3' 20
PEPCK % 5'-ATGCCTCCTCAGCTGCATA-3’ 25

T 5'-TTACATCTGCGTGATTCTCTGTT-3' 23
GAPDH L7 5'-TGAAGCAGGCATCTGAGGG-3' 19

T 5'-CGAAGGTGGAAGAGTGGGAG-3’ 21
L3 U4 7160 B4 [ B (HAH LA

A ) e 911 A4 17 Bl ik S i £ ([ B 4 R 2 5
P S F) ) 5 E9032 ARl AR AL ( 352 [E Promega 23 W) )
7500 % Real-time PCR 1% ( 26 [H ABI 23 &) ;1658001
U3 B VKA B RS A XRS + R BE i AR (L H
Bio-Rad A #]) o

2 FHiE

2.1 542y E/NRIGENMERSE 1 E)E, B
Jik SR A 0 0 AR, AS ) B ALIALAE =11, 1 mmol - L~
F AR UE 4 db/db /N BRAR SR REAIL 53 )2 40 21,
A3 BRI XU, CA IR 57 4, CA &
LA 6 H % CSTBL/6) /NEL6 Uk IE # 4,
30 Ho 25250 AR 4l A 45 24 5] o 4 AR R T AR
ETE R /ANE A, WU 0.2 g kg
CA i 7 # 41 0.025 g - kg™'; CA w5 7 & 41
0.05 g-kg ™' FTA 254k A B ER K BC i, 45 25 B 9%
0.01 mL-g AR H 425, HAH A LSRR
B, R/d, %S4 .

2.2 ERAE bR KA gy vk

2.2.1 WpACRESL YT 4 5B, 2k
BANEEIK 12 h BRI, IE 32 30 kOB, 25 .0 B v H
T A AR B I 5 S ) RO T R VR R R A
FEH .

2.2.2 —RIEHUEE WA AN —BRE
CRE RS TR NSO B A5 ) 8 2 FR 1 ik
J s 25 M8 I .

2.2.3 A fRFE PR R IN R 2 B A Ak il A
S AN BUZS I8 I B (FBG ) 5 04 5 & i I 3 TC,
TG, FFA, AST, Fins, 112 i & 2 X P10 45 2 ( homa
insulin-resistance , HOMA-IR) = FBG x Ifil % JiE & &= 7K
Y-/22.5,

2.2.4 NEUIFREIR S B B — B T4 8
(FifE <100 mg) , A HER K PE 1 W, BEAUH T 5 3% 1K
& U6 B K A ZUR B R ORI, K
5 min, ZE 2 A, BP0 E 620 nm P, K %
JEEE AL
2.2.5 JFHEIE(PAS) gL (o5 I BE IR A8 AL 256G 45
TR, BORF E A 10% FP B [ 5 48 h, BRI A I 1
4 pm P) R HbE R e 00 P R YL 5, B 2
P R R K R R R B R OB T LS I A D
TR,
2.2.6  SCHF OG5 R A B 4E X RV (Real-time
PCR) Kl #H ¢ mRNA Rik  URAF /N R4 4L,
K H trizol 35 4 HUAH 415 RNA 442 I 5% S 7 & 4
BRIEAT S 57 443 cDNA ;20 pL SR R4, 2
W25 :95 C 10 min,95 C 15 5,60 °C 1 min, 3t 40
WAGIF ;95 C 15 5,60 C 15 s @ f, 8 2744
X T R A5 4 H AR mRNA ik 22 57,
2.2.7 HHARPEE L (Western blot) il #H 3¢ 4
HERIL /DU 440 RIPA 25 1 28 i W 4 B B R
[9;12. 5% SDS-PAGE gel 100 V $E5H 3k 2 h,100 A
ek B E 2 b, ] 30 min, —HT (1:1 J7)
4 CHE IR bt (1:1 7)) ZRMWEL h,
B R RS8R, B 1 2% ) Tmage J 7.0 BR 53
Pro LLH B E A S NS E A B-actin JKJE HAER KR
FEHEIBKF,
2.3 it Jrvk RHA SPSS 19. 0 B ab #EHE
x5 FoR AR FLEE, 2 O 25 57 M LSD £
B, AN R T 2 50 R HAE S R 50 P < 0. 05 3[R
At r 25,
3 &R
3.1 CAX/PMR—MIERMZm  W3E4 )5, E
2 /N RS BR R AT SR R0 |, RO R, KB
SRR A g R 2 /N BR28 8 BR TR SR I 1A R
HREWE(P<0.01)(£2),JFHAZIK LK.
2 EELNFEFNG ., SEAA E, CARYT
HARMUERR BEZ2K 2R ZEBRERM, KB
HHE.
3.2 CAX/NR FBG (sgmg 5 1FE % 41 L, Bl
4 FBG 7K W2 i (P <0.01) ; 5RE AL L,
T 4 JAwF CA @& ALK &4 FBG B B REAL (P <
0.05,P <0.01) ;7 CA A 23 db/db /N B i 4
fER . W& 2,
3.3 CA XF/INERUBE B 2 HET AT B DAL & 4k 1) 52
5IE# A g, BRIV /N B Fins, HOMA-IR 7K 3 i} 3%
- 97 .
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x2 CAWNRERER FBG M (x+s,n=6)
Table 2 Effect of CA on fasting glucose and body weight of mice(x +s5,n=6)
FBG/mmol - L ™!
21 51 Fl /g kg ™! KT/ g —
T 15 i T2 A T34 4
EH - 26.72 £1.08 4.22+0.71 4.70 £0.52 4.30 +0.54
iR - 38.90 £2.13% 12.15 0. 68% 16.25 £1.10% 19.32 £1.42%
- SUIR 0.2 31.60 + 1. 624 12.28 +0. 87 8.83 0. 93" 10.23 £1.09%
CA 0.025 35.70 £2. 46 12.30 £0.90 16.02 £0. 89 17.55 0. 89%
0.05 32.40 £1.38% 12.05 £1. 04 15.22 +0.71 15.67 +0. 76%

HESIEWA LD P <0.05,” P <0.01; SHRA Y P <0.05,”P<0.01(£2~6),

FhiE (P <0.01) A & i W FEAR (P <0.01) 5 5
FEEHZH HE B, O H XU 4, CA & AIK ) i 4 Fins,
HOMA-IR 7K FEFEAK (P <0.05,P <0.01) , JFF B 5 &
BEFE(P<0.05,P<0.01), W33,

x3 CAMNNRERERM AFEERRIENFIE(x£5,0=6)
Table 3  Effect of CA on Fins, HOMA-IR, hepatic glycogen of

mice(x +s5,n=6)

a . ,
A5 /jjkjl /mf;fli-‘ HOMA-IR /}f} :%f .
EH# - 9.09 £0. 81 1.74 £0.29 8.68 +0.98
LAY - 18.12 £1.19% 15.14 £1.65%  4.48 0. 94%
WAL 0.2 11.83=+1.48%  5.36+0.71%  7.58 £0.57%
CA 0.025 15.99 +1.23% 12.50 +1.42%  5.60 0. 63"

0.05 12.36 +1.41°  8.62 +1.209 7.00 0. 53"

3.4 CAXP/NRIMAE JFDhRER S m  SiEwF 4Lk
B AL NEL TC, TG, FFA K SEBF B 7+ 55 (P <
0.05,P <0.01); 5 RIL Hd, — FF AT ZL, CA &
FlE TC, TG, FFA KB S RE K (P <0.05,P <
0.01) ;%241 /NEUIM TG AST /K6 0 2 2% e, W
4.

Fd4 CAP/NRIAE FFIIEEMFIG (x +5,n=6)
Table 4 Effect of CA on serum lipid, AST of mice(x +s,n=6)

a3 ffugl TC | TG | FFA | ASTﬁl
/g+kg™ /mmol:L™" /mmol-L™" /mmol-L /U-L
EH - 1.80+0.24 0.62+0.13 0.38£0.01 24.02+5.77
Y - 2.85+0.16" 1.50 £0.19% 0.69 +0.04% 24.25 £1.79
ZHXK 0.2 1.88 +0.21% 0.87 £0.17% 0.44 +0.03% 23.38 £2.25
CA 0.025 2.38£0.57” 1.36+0.23 0.58 £0.07 23.42+2.42

0.05  2.07+0.22% 0.98 +0.13% 0.47 £0.05> 23.72 +2.01

3.5 CAXP/PNRFHLMRERTIRMNZm NRAY

T4 J 5, 15 4L 20 M T D = 58 AL 8 R

BLECAT T 20 00 79 5 5 1E 7 4UAH B, AT 240 i o /b &
. 98 .

ESARGR TR TE N EIE RN 2=t R LD
IR, CA &y, IR B0 2 IR 4, 20 o SR 40
R JEURURL B AR, 5 B B ZH A L, 40 0 J5 5 40
G EUIUR & A0S AR AR B R . WLIAT 1

ALIEH ;B BB C WA s D. CA Ik 5415 E. CA il 4

H(E 2 )
E1 CA/NRIFALHERETREZMmM(PAS, x400)
Fig.1 Effect of CA on glycogen deposition in liver of mice( PAS, x

400)

3.6 CA %F/NEUIFHE G-6-P,PEPCK mRNA A1
s 5 OE R 4l b, B AL 4L /O E G-6-P,
PEPCK mRNA ik % %75 (P <0.01) ;254 T Wi
4 JiJE , WXL, CA & 5] & 4/ BRUFFAE G-6-
P,PEPCK mRNA 7 A % B 700 4 B i3 4% (P < 0. 05,
P<0.01), WS,

%5 CA X/NRBIFAE G-6-P,PEPCK mRNA RiEH M (x £,
n=6)
Table 5 Effect of CA on expressions of CA on G-6-P, PEPCK

mRNA in mice liver(x +s,n=6)

A F/g kg G-6-P PEPCK
iEH# - 0.96 £0. 05 1.02 £0. 10
iR - 1.47 £0.15% 1.54 +0.11%
UK 0.2 1.01 0. 14% 0.98 +0.07%
CA 0. 025 1.30 £0.10% 1.32 £0.12%

0.05 1.08 £0.09% 1.13 £0.07%
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3.7 CA XPNRUIFIE p-Akt, p-GSK3B % 14 %35 1%
WO e B AL/ BUFIIE Akt GSK3B 2
A RERR ALK T B AR (P <0.01) ; 254 T 5 4
o, T OBUNL 4L, CA 5 {6 7]k 4L/ BURT BE Ak,
GSK3B 2 14 i e e /K - e 2 48 41 0 58 7} 75 (P <
0.05,P<0.01), WK 2,%6,

e -
pracin D D D WS G 50
A B C D E

B2 /NRAFEEAREBIK

Fig.2 Electrophoresis of protein strip of liver in mice

#6 CA /MR AFBE p-Akt, p-GSK3 ZEERZMH M (x 5,
n=6)
Table 6  Effect of CA on protein expression of CA on p-Akt,

p-GSK38 in mice liver(x +s,n=6)

26 51 /g kg ™! p-Akt/B-actin p-GSK3B/B-actin
EH# - 1.0 £0.08 1.02 £0. 10
BEAY - 0.47 +0. 1% 0.54 0. 11%
ORI 0.2 0.87 +0.05% 0.98 0. 07%
CA 0. 025 0.57 +0.08% 1.32+0.12%

0.05 0.78 +0. 10% 1.13 0. 07%
4 itig

DR 995 2 — i b P A8 P B, L I 18 P
SevETEE I A B IR R A AR SR AL R R
Mo HATH LRI 322 b 5 e R AR AL R
AU R 3R RE VL PN S5 I 7 SR L 4R R 1R Iy B A7 6 A
RIS A S LR T TR I R
A B I A K OS2 W PRI B A i B A Y . I E
SERACE Y SR T, 0 IR I A FORE S AR T TR
PR AR, 76 2 0o AR G il 4 G-6-P i J5
fiR i, GSK-3 S5/ FI R Jz 4% XA AR 38T ) o8 45 i
PR 9a 33 i v 45 o S80I DR 285 o 1 a5 R S 78 1) 75
SOLR R R EOREAC AL, B, BRI
S OEIRITHEIR R I — A EE WY, CA BfLgh
25 R RE (9 3% PR LAY, BF SR SR, CA B (R4 IR 5 B
A0 AR R UL AN 5 3B R4 (GLUT4) %% i
SRR R LR R ST A AR BF ST
Ph B &A% T2DM db/db /INEROM A 3l 3 25 7 CA i
7 TR, CA GefE W EHREAR/N R FBG /KF-, [A] B
FEAR M Fins 7KSF, HOMA-IR , [ I 44 J5T & A1 il i
I AR D

GSK-3 {14% GSK-3a, GSK-38 1~ %! , GSK-38

RIEFEAE" . GSK-3B8 2 0 5 4 i Y R 8 fiff
) B 3 2 Jo B R A 5 I e B R Z R R -1
(IRS-1) B4 , BERS A IRS-1 £/~ 52 Jk 2 % i i 1R
2 5HS £ ESESHME . Ak RS %
15 530 [ b SRR A T, IR TR R 22 A sk BT e
GSK-38 J& Akt I i 8 5 b J5 & B i) — A 5 2 4
S BLAROR R i T S R s Bl I, B
Akt BERR AL, BERR 1L Akt Bt GSK-3B8 & A B R Ak i
SR T TR DA DA

G-6-P J2 I W AE AR ok 72 v 6 19 4 28 4 5 1k
Sh 7 25 M 1% I R R 9 S 2R RO DR A KT
Wiy s A, 7 e B 2R ST FURE PR R BROPL AR 3
TR B DA KO B e o Whge R,
G-6-PIY FE [ 3R ik 32 GSK-3 5 , e £ L il GSK-3
BERBIRML G-6-P LN KR, Nk, B R 55
i AT LA b Akt 85 B2 6K T GSK-3B # il G-6-P
()3 PN Gk | B I B b o PEPCK 2 9 775 JHFJUE
WS A 55— PRl , B 0% 1 Ak Sk £ R (OAA) 7R
U TR 04 T ) TN B 12 ( PEP) , iy il S A o 2R Ak i
0 R NG G50 PEPCE % 1 Fl L [N 36 3k B8 35 4
SR, PR TR S 2 ) IR HL O IR A S B
ZE5 5 IEET Ty Akt BEAE T I PEPCK %A
Fork MRS R AR R B CA T 4
J& db/db /N B G-6-P, PEPCK mRNA 23k i %
BEA , Akt, GSK-38 i i2 1k /K F . % Th 5 , #7% CA
i 3 T AL Ak, GSK-38 Bl iR Tk K - LA K G-6-
P,PEPCK mRNA 33k K & #EFEREIE ]

BZ L CAE RN EZEEMRTZ —, BA
FH o 1 R A R P T, ST A R O i 1 R
W B Akt, GSK-38 W 2 1k K %, il G-6-P,
PEPCK 3 [ &3k , K ¥ WA 100 4% 7 i, 3 26 o
BB — 2 B T 4R AL T SE 904K
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