- 6232 - MREYESSHE  www.shengwuyixue.com Progress in Modern Biomedicine Vol17 NO.32 NOV.2017

doi: 10.13241/j.cnki.pmb.2017.32.006

FEBWEDRE A I TRPAT Bl 1k b5 i)
FALREE PR L N B g *

TEL2 £ FY WmMEFY OE OFV
7;3&4: 1,2 5‘(,] *"%ﬁk 1,2 "5.7 7;{ 2 E] )I}]E, 1,2 ‘;FF s 1,24
(1 JRARIEE 2B — WA e O LA P RE w1l AR 61050052 5542 55 I AS RAZS DU I 45 B S5 T AU S0 % vl AR 610500)

BE BRI TR BT S5 50 AR eI EA R Hrh R AR % A R M EGER  d o R RALE .
R0 HAEE A (30 mM) BOANH bk P 48 B (HUVEC) 545 Ao ofe 4 40 L340 45 BE AL aﬂxmﬂs 5mM)AE A iR & TR
HUVECs %4 & #2(10 uM) S 4 & 8% +TRPA1 45 1P 35 4271 (HC030031, 10 pM) 347 F 71, »4 DHE % &, 4= DAF-2DA # &, %L
KB AR B T Fe— BAL . (NO) K ;western blotting 2#74% B F E2 A8 B F 2(Nrf2), 1 & — &AL R 485 (eNOS ), &
B4t eNOS & P22# 5k, 0 v\ TRPAI U (TRPALT) B A8 & 64 57 A A (Wild type, WT) /> K5 B B £ Sh BREAT AR P35 7%, 34K
#5(5.5mM D- # Z45 )48 . Z 4530 mM D- # Z 42 . 545 + 4 R BE(10 WML, vh ke % 5K A i AU 5T dn 5 R AR $E AT K 2
B e dE W BAR HIMEAT IR DAk, R0 B AR TIEFR Y JZBA-F A L mARR M B -F69 7 4, Bk NO K-FF %, 42 Lk 4f
JA T4k HC030031 ATl 0 A BT 2 & Bk WT s S £ 3 bk 8 1 AR 04T 5K 2 SR8 R {2 %¢ TRPAL™ > { & ik 48
Ao ﬁmz\%.d %&%ﬁfii@iiﬁl Nrf2 &4 Fik B T4 eNOS FEg A, 8, P22, ki 4F Bl 34 T4k HC030031 Ml £5if: 4K
B TRPAL @it Nrf2 13 518 % 7T i & 5 484500 o 5 N R I AL 38K 7, Bk NO KB F I, 5 & fo i 1 R AR BUEAT 7K
L2k

ST A B BRI Al A /B R R 2 A BAL B B R

thE 425 :R-33; R543.5; R587.2  CHAARIAAD: A XEHS:1673-6273(2017)32-6232-05

Activation of TRPA1 by Cinnamaldehyde Protects Endothelial Function by

Preventing High Glucose Induced Oxidative Stress*
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ABSTRACT Objective: To explore the effects and mechanism of cinnamaldehyde on oxidative stress induced by high glucose in
endothelial cells and related endothelial dysfunction. Methods: @ Human umbilical vein endothelial cells (HUVECS )and arteries tissue
models induced by high glucose(30 mM) were erected. Cells and arteries tissue cultured under low glucose levels(5 mM) condition were
used as control. Cells under HG condition were treated with cinnamaldehyde (CA, 10 uM) or CA+HC030031 (A selective TRPA1
inhibitor, 10 wM). DHE and DAF-2DA staining were used to analysis the superoxide anion and NO level in HUVECs respectively. Nrf2,
eNOS, p-eNOS and P22"* were analysis by western blotting. @ Thoracic aorta separated from TRPA1 knockout or the wild type mice
were cultured under HG or NG. The experiment was divided into three groups, low glucose group, HG group and HG+CA group. Wire
myograph was used to analysis the endothelium dependent relaxation and endothelium independent relaxation. Results: © CA decreased
superoxide anion generation induced by HG in endothelial cells, prevented NO decreased, these effects were blocked by TRPAL1
inhibitor, HC030031.0 CA prevented endothelium dependent relaxation in WT mice but not in TRPA1* mice.0 CA up-regulated Nrf2
in a dose dependent manner, and also promoted eNOS phosphorylation, decreased P22" these effects were reversed by HC030031.
Conclusion: Activation of TRPA1 by CA decreased oxidative stress in HUVECs under HG condition, preserved NO level hence
improved the endothelium dependent relaxation.

Key words: Cinnamaldehyde; Transient Receptor Potential Ankyrin Subtype 1; Endothelial cells; Oxidative stress; Diabetes

* BT H . FR HRBF 4T H (81400289, 81641058) ; PU 1|28 B3 T 0 FHREREAF 73+ R1) 301 H (20157Y0275) ; PU) 1|48 BHE R 4aE R 4T
H (2016JQ0032); I J11 48 BH TR G187 B LA2(2016070); U )14 TLAE A= ZRHIF I B (150047); DU 148 HE T H AR FL S0 H
(16ZA0277 ) ; BLABEE 2= B RHIT A8 A A H (CYTD16-01)

PEZ A ARSI (1983-) , KAFEARE, 2 NI B9 1 Sl S I PRDFSY , B-mail: 1041349340@qq.com
& SEIAER : FiliR(1979-), B2, BIB0Z , 20 A B AT B9 56k S PRIFFSE , B-mail: wpjmed@aliyun.com
(Wscks H41:2017-04-27 4552 H#1.2017-05-20)



IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll17 NO.32 NOV.2017

+ 6233 -

Chinese Library Classification(CLC): R-33; R543.5; R587.2 Document code: A

Article ID:1673-6273(2017)32-6232-05

YN

]

i}

DAL P B2 4500 R B s BR 15 AR R (Diabetes Mellitus,
DM)AH G ML i 8 2 5 Lo B4 v B Tl e o & 1 R e
EELEN, 24 60%-80%11) DM H 5 He B8 T S o iR I
EIFAAE U, HATMELAIESERRME AR T T 28 RE A A 8 1k
DM AH G ML T AR 9 & A2 5 e, T S LE R 25 ) TR
FEICo M IS T AR B R, 423k DM Kl 4 42, 3R EIE
iE 11442, N EA 2 50%)E DM R, K 1k % 45 Jin 5 AH
AL S TR T o

e g T S [ B BE AR e 245 R AR AR A i o BRAT:
AR FEIE S AN B 8 5 2R 4300, B AR AR, B3GR
W EF R M PR I B P AR B T $R R
HTFTRETE DM AHOCHY M I & RE A g 2R, (B B i
R AHCHIBIFE B . Al FE R BRI 32 A4 d A E Al
%Y ( Transient Receptor Potential Ankyrin Subtype 1, TRPA1 )¢
R BENR], AR R IR BRI ] A% R B2 AHOCIH
7 2(Nuclear factor erythroid 2 related factor 2,Nrf2), [fijiZ {5 5
WA B R PR RSN BGE B , 2 1RYT DM A
O MW I — A BB T, FEABSE T, FATAHI AR
FE BT RS A P B B AR P L SR NS bk P 1z 4
M4 TRPAL (FEmPEFRSBUR], FIH] TRPAT R (TRPAT™)
FAHNE 7 A= R CWT ) /) RO I A5 2 2 A o7 o I A 40 A 7
HEATR R IBISE o

1 MR 5% ik

1.1 SEIGRAYRRE. B R EEiK 7

OB RIK PN Bz 40 (HUVEC) Il T 5% FC AR MR A PR A )
(VLIRA)o SE56H TRPAT /NI 36 [6 Jakson SEHG %, 5
C5TBL/6J /N R 4= 32 I i 1 H T A 28 /) B B el B 280 /0N BUFH 52
By, M EE HC030031 78 % | i # (Phenylephrine, PE) | [N Ji7
— LA AT (eNOS) 131l il 7] (L-NAME ) | fi#f B2 H 7 (Nitro-
glycerin, NTG ) ., Z, fif: i 5 ( Acetylcholine , ACh ) &5 32, 3| 34 Ity T
Sigma /A 7], Nrf2 .eNOS . p-eNOS  P22p 25 by {4 15 W F 2& [
Santa cruz A F) . b5 B DMEM A4 T Gibeo /A H] ,
Jif A L3 8 T Hyelone 237l
1.2 KA HERTH
12.1 MARESEEESM4E AAHESER /4 HUVEC LUEHE (55 5.5
mM D- %4 )DMEM }E 33k (5% 10%fiR 44 1L +1% LA 3%)
T 37 °C,5% CO, 5514 MR, LA AFAT 0 fRpxT
HRZH (T TR 25 7 55 (R FH DMSO); 0 it B 2H (7% 30 mM D-
MM DMEM S 32 Je155%) 0 @bl + H R EE(10 pM);0 5
B+ RE R BE(10 WM)FTRPAT #545157 (HC030031, 10 M4 ; T
TRy 24 he AMHEANFoSELERC, BA RS ES 3 R,
122 BEMBEALARLEHAE  ERREET T EY ETTHE
BRAET HAR 00/ UK E s kA RAE (5.5 mM)DMEM B 57 5
(& 10% /R4 Mg 1%50E )T 37 CL,5% CO, 544 T 1%

T A IR 1.2.1 i SCs .
1.3 MZ25HR
13.1 4f NO 5B EWBFAEMNNE SHEAMITH
REFEEE ST A528GR, S ORI 45, A0 iAE T IS sl R
17 DAF-2DA (W£% NO 7k ) F1 DHE (WLZEHE & BH &5 1K F )
Yufn, FEEE T BB R TIER  HA I B
132 MENEEREN S RAWESE R B BREE S 19 7 ikt
ACh 5§, NTG 75 5 1) I & 475K B AR - 148 767 5 JE Lk PE
(10°° mmol/L) TS s M & , 7EWER R Nk ACSE- G 1S A REE
We B[ ACh 5% NTG(10°~10° mmol/L) W5 55— i o 1f 45 oK
F1H95A o

TR  BP IR SN (%), i — 24 e J8 i 5 | S 1 e R 7 5
R BE 5 i U 4R 7 5 R G e R ZR R B 2 F B, LLE s g
R o B BEs A Graghpad Prism 6.01 5, VR G ith 48, i i
AT R RET 3R RN (Emax)ifF A7 L3
1.3.3 Western blotting 9 #itH X ZE BT HUVEC 5E£ZIkELR
FRiE  SIREEAES kM, LU Bradford 2hiE 472 &
it J5 #E 47 western blotting #:4F , Ky Ul Nrf2 eNOS p-eNOS
P228 JK -,
1.4 gitAHiE

SEBAE LAY EE FRifEIR(x2 SEM)FEIR, DL SPSS18.0
FTRCHE SN, P2 R) Lh AR FH AR L X ¢ A 38 i A7 530 A, LA
prism6.01 F{AHI &, P <0.05 A G2

2 BR

2.1 HEREEEHE TRPAL IS HEN S HUVEC BEBETF
KR NO 7K T

5 LAERE I HUVEC M L, /=i 5 2 34 m HUVEC 4
B F7KF ,NO K- 35 R, P 34 <0.01 5 7 [ B 25 - e
(10 WM W] i 5B EU B T 7K PR3, B 1k NO 7K
TR TR {H LR VEHT AT B TRPAT B4R BHIK 77 HC030031
(10 wWM) FrE BT, $E/RHE R BEVE R TRPAL B3 3h I H bt i i
S HI0L PY R 4 SR A R KB TR, B LR NO KSE TR
R, 25 R ILE 1(A-D),
22 HEEEBEHIESENSHME N EIEEERFRES T TRPAI

FATHE—25 TR B I L iR 5 B P R A 5
MY T RERRAG: o S5 A I, SRR BEAH LA, Sl T B o
BRI BRUBD = sk M 28 P R RO 67 K DT BE T, P <0.01; 4541
R P R AT Sk D e JC B M 25 5%, P >0.05; [AIBT 45T
Tl B2 T DUV BT S8 2 7 1 WT /0N OB == 2 Bk i 8 A B AR 47
IRE T M, {H _EiR{EHITE TRPAL MR TH % (452K
2A-2D), bIREEHHE— DR IREE R BB 1 R A S0 A
F DI ReREAR AR T TRPAL,
23 HEEEBEFIEMREME I N2 fRIE, BAH TRPAL i
51 BEL B

FE B (10 nM~1 mM ) 52 571 SR ) L8 Nrf2 i3k,
H7E 10 pM B2 ik KRN, 5 1 uM H#E, P <0.05, 5 100



- 6234 .

IREYESHE  wwwshengwuyixue.com Progress in Modern Biomedicine Vol17 NO.32 NOV.2017

uM B 1 mM HE, P 3 >0.05, AT TRPAL (FEHTHIBE—
A3 A B, HC030031 (10 wWM) n] (g E HE B e iz X Nrf2 % |

A

HG+CA HG+CA+HC030031

w
1

-
i

DHE fluorescence
(folds over control)
N

o

n,\

N
O
o &S

PRI 3A-D) . LRSS SR SR B xS Nrf2 4 3
YERIMKHE T TRPAL,

HG+CA HG+CA+HC030031

D

1.2+

1.0+ I #HE

0.8+

0.6+
AA

0.4+ * %

(folds over control)

0.2+

DAF-2DA fluorescence

0.0

N
O
N
QS
€ 5
&
ov'
QQ

[ 1 TRPA] E#hvliE R EE RS IE BT S B0 B LR BB | A B F ok A8 R NO K FE TR
Fig.1 TRPAI agonist cinnamaldehyde prevents the increased of superoxide anion and decreased of NO in HUVEC induced by high glucose
Note: LG: Lowl glucose, 5.5mM; HG: High glucose, 30.0 mM; HG+CA: High glucose+CA(10 uM): CA: cinnamaldehyde; HC030031(10 wM):
TRPA lantagonist; Compared with LG group, **P <0.01; compared with HG group, #P <0.01; compared with HG+CA group, “ * P <0.01, N=3.
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Fig.2 Cinnamaldehyde prevents endothelial dysfunction induced by high glucose in a TRPA1 dependent manner
Note: Compared with LG group, **P <0.01; compared with HG group, #P <0.01, N=6.
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Fig.3 Cinnamaldehyde upregulating Nrf2 in a dose dependent manner, but antagonized by TRPA1 blocked
Note: Compared with 10 nM group, **P <0.01(Figure 3A and C). Compared with LG group, *P<0.05, **P <0.01; compared with HG group, “P <0.01;
compared with HG+CA group, “ * P <0.01, N=3(Fig. 3C and D).
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Fig.4 Cinnamaldehyde decreased P22™ levels and promoted eNOS phosphorylation as a TRPA1 agonist
Note: Compared with LG group, **P <0.01; compared with HG group, #P <0.01; compared with HG+CA group, * * P <0.01, N=3.
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