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Effect of Cinnamaldehyde on Ca’* Change and TRPA1/TRPMS8 mRNA
Expressions in Dorsal Root Ganglia Cells of Rats with 0 °C Cold Stress
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[ Abstract | Objective: To investigate the effects of cinnamaldehyde on Ca’* concentration change in
dorsal root ganglia cells of rats with 0 °C cold stress, and mRNA expressions of transient receptor potential cation
channel, subfamily A, member 1 (TRPA1) and transient receptor potential cation channel, subfamily M, member
8 (TRPM8). Method: The rat dorsal root ganglion neuron cells were put in 0 °C cold stress to detect the activity

of cells under the different time length of cold stress by the methylthiazolyldiphenyl-tetrazolium bromide ( MTT)
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assay. Cinnamonaldehyde was added to detect the changes in intracellular Ca’* distribution by the laser confocal
microscopy. Furthermore, Real-time PCR method was used to measure the mRNA expression of TRPA1 and
TRPMS. Result: There was no significant difference in cell viability under the different time length of cold stress.
Cold stress decreased cytosolic Ca’ * concentration within dorsal root ganglia (DRG) neurons (P <0.05) , while a
certain amount of cinnamicaldehyde could make it significantly rise (P <0.01). Real-time PCR method showed
that under long-time old stress, the mRNA expression of TRPA1 was up-regulated (P <0.05). And the TRPMS8
mRNA expression under long-time cold stress was clearly higher than that under short-time cold stress (P <0.05).

Cinnamaldehyde at the appropriate concentration can up-regulate the TRPA1 mRNA expression of rat DRG neurons
under cold stress (P <0.05, P <0.01). The effect of cinnamaldehyde on TRPM8 was unclear yet. Conclusion ;

The cold stress can impact TRPAl and TRPMS8, and decrease the cytosolic Ca’”

concentration. Its action

mechanism is to activate TRPA1 channel and them increase the cytosolic Ca®* concentration.

[ Key words ]

cold stress; cinnamaldehyde; dorsal root ganglia (DRG) ; Ca’" ; transient receptor potential

cation channel, subfamily A, member 1 ( TRPA1); transient receptor potential cation channel, subfamily M,

member 8 (TRPMS)

ik JEE R Y ik ) 52 A H, 37 JR% A7 % 38 I8 (thermo
transient receptor potential cation channel, thermo-
TRP) J& "2 53 A5 T 40 g 158 3% 1 A9 — 28 15 1 B 2%
KR AE R PE B B Tl . WA 5%
A K1Y thermo-TRP 3 38 3 2 A Bk 1 32 {4 H £
WA AL(TRPAL) ' M8 (TRPM8) ', HHA
FEOE (9 TR BE ROV A [, an TRPAL 7EJR B <17 C
i TRPMS 7 35 B < 25 °C BE AT T8 4% 1
WL 5] & Ca’t BP0 MK N Ca’t VR B I
T Ca MR AR, A8 A0 P9 R 40 I )
i, SR 2w A 1 0 B AR o AR IR R
4 22 bR 58 A1 S 0 B T I A R R R 2 e 5 ke
Ca’" (%52, TRP 3 138 34 /3 Ca’ i iZ 51 %
20 M N Y AR A 5 RS G, S A BRI O 40 Y
Sm L R, B ST R A P Ca ) 43 A B 1B
Lo TRP J@ 38 @R B0, A BY T 1 A #2840 I X 5 g
7 4T 7 A O B, B B R BE RO Ca® ) 43 A
s oL o YT E K TRP 8 38 99 A v B2 98 i Ik
B 25 FE R HEAR T B g0 B0
KU, FEAE 25 % TRPM8 K& TRPV1 I8 i 9 15
A RE S P 2 Y S B2 R A G, Tk T AL AR i R
A U1 Y TE A

AR SR FH WE i (MTT) LE £ 35 A I 40 i 75
AN T I ¥ I JOIR 25T B 20 T 5 P, DA 3R £ I A
B S AR B, 45 5 5L 986 E B PCR (Real-time
PCR) 75 WF 5% v L JHOIR 25 LA B DA A 1 Ak L0 5 AR
B 25735 (dorsal root ganglia, DRG) Bl £ 4 Jifd Ca’ " %
16 1Y 5% W K ¥ S thermo-TRP i i ' TRPA1 J
TRPM8 mRNA AL, 310 ¥8 I I8N P A 3 o 78
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5 thermo-TRP @i ¥4 5 Ca” " #5 1z py WL , Ay FE M9
I AR 25 ) A R R A R AR S 7%

1 ##
1.1 zh¥ SPF % M4 Wistar KR, & & 50 ¢ /2

A0 A P R - ISR B A R ] AR
UES SCXK(37)2013-0016, K FGE M MR SE 3 d J5
TFiR S5

1.2 Y% DV4 quotation %I {4 Wi i fak 45 (48 =] %€
AN F] ), Leica TCS SP8 i ¥t 41 I 4t fofe % (72 [
Leica /~ &) ,311 & CO, 40} 5% 37 46 ( € [ Thermo
Sicientific 2% @& ), MDF-292 I {i i vk 4 ( H &
SANYO /A #]) ,7500fast ) 5L [ 5¢ 9% 72 5 PCR A ( %
E ABIAH]),752 BUSAM G ( LSS — 4
BrAXERT ) , synergy2 BUREARAY ( 35 [E Biotek 24 ] ) o
L3 5l FI12 85380, RTG53 , L-45 2
W, HHEE G/ E Z, luod™ (£ Invitrogen
N S 4 Bk 1674921, 26050088, 25030081
15140122, F14201) ;5--2"- B ER 5, PR, e D it
VA LA RN 1, 2 R R, AR (EH
Sigma 2% @, it B 4> % K F0503, 94370, C9891,
D5025, P6407 , WXBB1669V ) ; Cultrex 2 K i% % 14
(& [E Trevigen 2 &, it 5 340001001 ) ; MTT ( I+ i
H¥I A YR A BR A W dit5 091205) 5 281 & &
PCR i %] &, RNAiso Plus( H 7% Takara 23 &) , #t 545
Sk AK3501,AKA3502) ; — H B 37§ ( DMSO, 3£ [
Sigma 7 ], fit 5 BCBJ4508V ) ; Trizol ( H 4% Takara
ANHE LS AA3502-1) 51l SR AR A
MR W #2 fiE, TRPAL (110 bp): F #F 5'-CCT
GTGAAGCGCTGAATGTA-3', F i 5'-ATTTGCTC
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CTTGGCTGAGAA-3"; TRPMS ( 164 bp): L ¥ 5'-
AGCTCTTCTCCACCCACTTC-3", F {if 5'-TTCCAC
ATCCAAGTCCTCCC-3"; B-actin (115 bp): I ¥ 5'-
AGCCATGTACGTAGCCATCC-3', F i 5'-ACCCTC
ATAGATGGGCACAG-3',

2 FiE

2.1 5 KRl DRG #2840 Mo 5 5% W R 43 i
L F12 15 35 W 880 mL, S il i 100 mL, ¥ %5 = /4%
2 10 mL, - Z Bt e 10 mL, 5-5-2"- 3 &0 IR H
300 mg, JRIFHR 700 mg. LA 0.22 pwm i 8 28 i & 40
W, —20 CREa M. WEBBREH . AEES
Jo7k DMSO R & BC il i ot & W B2l 0. 14, 1.4,
14 g+ L™ BRI, 5 308 6 % AR AT

2.2 45 DRG Mg 4diffs  CO, = BAFE R, 5
BEAEM, & 1% W3t Hanks Balanced Salt Solution-
Hanks “F-fif £ %5 W ( HBSS) o ¥k A 7R B0 1 ol 58
T L4 B DRG, & Bk DRG P o fift 28 2% S 3 1 A i
1.25 g- L7" e SR 3 mL I AL 4140 2 K, B IK
45 min, I B FE RN 37 C 5% CO, B H W
DRG ¥ # 2 & 3 mg JOH I A BERZ IR 1 09 B0
500 remin T B0 1 ming 3 ISR, EEMRE
¥I5) o B 2R .

2.3 DRG th g4 fussse  SEE M, DL & b i)
AT AN A, PR A AN o 1 x 107 4~/mL,
YA R T T 4 0 R A i R R AT 20 mm B 5%
IL,37 C 5% CO, ¥, 2 ~3 d¥ey 1 k. 20
Fe 1 JH 224, WoAn B A 52 fi A= K BD AT i AR — 25
2.4 VRN HORBEVERE  F T4 MO R EE A R
Rt 7 35 A N 150 20 AR TR B A T B — B
BT A A U RE 40 M B RS R AR AR Ak, Dy sk A
TR A PR X 240 AR 2 Y 52 ), 4 A T e A s
O I R BV SR, T 1 6 3 40 BRI S o 45 e B
(), 5 50 25 PR 0 I BE LR F 24 C . i TUKOKIR & W e
FROEYERF O C A3k, s O °C A5 ok 41 i ¥
IO PR T

2.5  MTT ¥ ¥ 0ot DRG 4 i & PER 2
# DRG %R 1 x 10° A/mL, 4 fL 100 wL 4%
il T 2 St gt 1 96 FLES TR AR, 1 4 A 0 BE T A
S fih AR AN W S A B SR, A 0 C 5 FR WL, ]
BB R 2H (0. 1% DMSO) , 24 4 = L. ¥
N7 5 4 A0 R vk L % R B IR 3 E A 10,20, 30,
40,50 ,60 min, Z& k¥ WS, LA 0. 5% MTT
B 20 pL,37 C 5% CO, AL 535 4 h, FEFW,

BEALANA DMSO 100 L, fK# 4k % 10 min, 7E AR 1L
I E 570 nm @Y IEOGRE A

2.6 MERMHEDMBIMETOLEL L1 mg- L
flou-4"" 3k e Yo €5 30 min; 1% 35 B2 bk 3 K. H%
Wi LS WOBILRE W AEE L, ke 2ot 6 R4k
1R £ PR BT, GBS RO T A R R LU s
AU OB 488 nm, R 516 nm; 1T
A BB AR AR o, DA KRy, SIS ] AR ¢ EHF xy (471
HRASEC) ooy (ISP TR 49 85 20) , A% ) 512 x 512
(GrHE5) s W B A 2 40 5 HL ¥ TR A5 1 (zoom) 153
I 1. 4% ;IR A R S s

FOH 16 KRGS B A, AR 34 4 0 4
SR 3 WA T AT Y B 1 T R AT A BE AL BB S 4 i,
T A MEE 1 % B> 41 1 2 o B2 A2 4k, I FH B
MU A Shid st . W FE P e 218 A 0 C 5 5%
W1 mL, 5ECERRE S, I8 IE A 1 pL R
VL, BT R (0. 14,1, 4,14 g+ L7) MRS i ik
BB CAE AR Ak, BEE > 10 > 20 B 2F 47 00 4t 3
B o PR IEOR TR AT RO B N IR 7 A 5Ok
T, e 551 O 1 2 507 B A 52 56 ok #
ANAZ,

A Ca® " Vi BE AR 4K L5 38 B2 B (Intensity ) #
ARG S A0 i [ Ca™ ], 25 4k B IE MG, 41 i
Ca® MR BEAFALER (A[ Ca’" ],) Lh 44 25 i1 J5 986 5
A 5 4 25 T DO R AR 0 A A IR R F
NIRRT W F ), 2 24 T Y 9¢ G o R AR
fifi B o

A[Ca®" ], =(F-F,)/F, x100%

2.7 AN K AEEEEALEE FH 0.25% EDTA-Ji &
P e SR 40, 1 000 remin T B0 5 min, % B
AR RS IR W B AN TR R B A T A
DRG i 2 4 B, TR 53 91 7151, fRUE B DRG it 25 4l g
B ARAT 6 x 10° A/mL, B0 W 4 2 40 M 08 1k
R 3 mL,

W BT CHE ) DRG 28 41 i 43 Sl 1E 8 20 %% 7 38
U PRIV 2 4 RS 1 4 A RETE 2 2L PR
34, IEHH3T C 5%CO, FifRfAmN —HE 3%
N1 2H 0 °C vk 30 ming ¥ W 2 4 0 C UKk
50 min; RIEEEE 1 240 0 °C YK 30 min, F-T 7 mg-L_1
NAEEEF 0.5 wL 52 20 ming PYAEEE 2 4 0 C JKIA
30 min, F 14 mg- L~ AEEE 1wl K2 20 min; 4
FERE 3 20 0 C YKy 30 min, /5T 28 mg-L" P A
2 wL, R 20 min, WK HLNME,1 7 reomin ',
4 °C B .0 5 min, 3 I %, it A RNAiso Plus
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1 mL, —-20 C{#4%,
2.8 Real-time PCR £l TRPAI, TRPM8 mRNA %
ik Hih4E DRG #h 2 40 it mRNA 8 4% 40 §i %% 2 R
1 x10°4~/mL, B4 1 mL, fil A Trizol # 1 mL, J&
51 EIRFRE S ming i A PSR, RS, iR E
3 min;4 °C,14 000 r-min "' B5.0> 15 min; B L,
A AR SN EE, RS, EIREE 10 ming4 C,
14 000 r-min ' B5.0> 10 min; 3 B3, A K 75% 2
BE R2154 C,1 J7 remin ™ B0 5 min, 3 B, T
s FIJC B K i, - 80 CLRTFAT H o

1 260,280 nm & ] 54043 0606 BE 3H A RNA
B B, ) 5 A A eDNA | IR 4544237 °C 15 min,
85 C 5 s, 20 CAfAFE, PCR P 1, 2 i 5514 :95 C
30 5,95 C 3 5,60 °C 30 s,40 NMEH . B8R FAYL
7% H ¥4 ABI 7500fast Software v2.0 23 #r. * M
2 "A4C i TRPAL, TRPM8 mRNA ik /K,
2.9 Sty ffi A SPSS 19.0 Fil GraphPad #%
PEGETE o b T PR R x 25 Hon . A
NESAC TP F 0P i €1 v K W s i 1]
Ho7 2 55 Wi gl , 2 4l L3k L 07 2
ST A RO IE S 43 A 807 25 8 5F R B, R
Kruskal Willas H £ F14: 56, 75 4 kL %% % B Bonferroni
X PO AT RIE . BE DA AL ) ke R D
Levene's Kz 86 77 22 55 , & 47 & O 22551, Rl SE
FEAS o« K4 s 45 ANAE G 5 26 550k, MR T AE S 806 50
) Wilcoxon ¥z %, DA P <0.05 2 5 % it 2
3 #R
3.1 ¥ DRG 40 Ma & s XF T DRG
EARFEB A N ECRAS T, s 22 5%,
W1,

£ 1 A3 DRG AEERRM(x £5)
Table 1 Effect of cold stress on DRG cell activity(x +s)

20 5 g/ °C A HIA[E/min A
sl 37 0 0.213 £0.012
10 min 0 10 0.214 +0.013
20 min 0 20 0.208 +0.017
30 min 0 30 0. 188 +0. 029
40 min 0 40 0.211 +0. 020
50 min 0 50 0.193 +0.015
60 min 0 60 0.201 0. 017

3.2 DRG MM S8 Bt FUWE DRG
i LI S WK BR , A% 3R 28 5 M AR B T 4, A
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MO BE R4, WL 1A, 2806, A0S L, 75 BT,
DRG #1241 it 52 B [51 JF 438 fix e b IR S (0 9 G, 4
2y — , JE BB 2 M % FE I IR =~ LI 1B,

AL FDEY5B. 9L
E 1 DRG #HZMAMIEMEM (luod*" Jeth, x400)
Fig.1 Changes in DRG nerve cell morphology ( fluo4*" | x400)

IEFEN T, DRG 28 41 i 5 )6 22 B i aE (
2A) ., TERPHCREGHA 0 CR:F W) T ,DRG
YL AS I B O C 1 FRMOM A & 1Y 3G I, 41 %
WA G AR S5 A T SR AR, A M R UL 2R 46 (&l 2B)
THA 0. 14 mg- L™" AR I 0, Jmi 30 200 o 25 IR 32
ZIEWMEZRI A E M 1.4 mg- L™ RS IR,
20 M0 2% ) 0. 14 mg- L™ PYBEEZL N A 14 mg- L™
PR RE TR IR, 400 T 5 R 5 DR 50, o 420 2 flk i =2 725
(El2C),

(o

A TEH LB R R C IRERS (14 mg- L~ ) 4

B2 SREAA RS DRG #2455t 5 B BRI (fluo4 ™
Yeft, x400)

Fig.2  Effect of cold stress and cinnamaldehyde on DRG neuron

fluorescence ( fluo4*Y | x400)

3.3 WA N IOMI YR X DRG 2 40 i 56 6 {8 1 52
Wi A 0 AL PP R R 12 A D SR POLAH, Ve I
Fil Je 240 L 9 DG fE - 35 R B 24% (P < 0.05) (£ 2) .
PUREIE AL FRS , PRIEHE 11 A RIE RO, B N
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R AT 300 5% v NG PEOGME , R 131.26% (P mRNA RKIXTCH BN . WK 3,

<0.01), W#k3, 4
R2 REHMEN(F) 5REHE(F)RREELER(xx5,n=8) 3
Table 2 Comparison of fluorescence values before (F,) and after 1,2,3) 3) 3
(F) cold stress(x +s,n=8) 2
oy F, F AlCa’* ],/% KR/ % 1 IL‘ I-—I ‘

1 48.27+7.07 29.94 £7.55 -37.97 -24.88 % 0

2 73.56 £3.50 52.46 £5.99 -28.69 g A B CTRPA]D E F

<
3 60.92+4.69  42.41x3.78 -30.39 Z 25 2)
g
4  58.37+7.02 48.41 £5.02 -17.07 2.0 T o T T
5 56.03+7.03 38.82 £4.25 -30.72 15 T
-

6 89.14+12.59 61.33+£7.41 -31.20 1.0

7 57.17 £2.02 42.97 £4.65 -24.84 0.5

8 35.19+2.92 29.50 £2.67 -16.17

0.0 T T T T T T
9 43.56 +£5.00 32.80 +7.38 -24.71 A B C D E F
TRPMS

10 33.82£5.37 3232 £4.74 —4.42 ACTER R BV 1 R 5 CL Ve B2 AR5 D. RRRE 1 2 5B PR 2
11 27.54£2.40  21.69 £2.04 -21.25 4F. A3 4., 5 AALKYP<0.05;5 B4l HLE> P <0.05;
12 50.69 +2.57 34.92 +4.80 -31.11 5 E 4 EYP<0.01

W F4l5 Fy 44 P <0.05,

®3 MEBLERN(F)SHEBLER(F)REERK (15,
n=38)
Table 3 Comparison of fluorescence values before (F,) and after

(F) treatment with cinnamaldehyde(x +s,n=8)

P F, F A[C® ],/ % MK/ %

1 40.74 £8.42  91.83 +9.64 125.4 131.2
2 60.70 £10.43 135.97 £21.20 124

3 48.11 £5.84 117.93 +22.74 145.15

4 34.05 £6.45 76.92 £7.06 125.9

5 42.03 £6.67 100.38 +£26.30 138.81

6 102.69 £20.80 142.94 +25.42 39.2
7 26.01 £4.09  59.40 £5.21 128.38
8 31.22 £5.67  70.99 £16.15 127.42
9 36.26 £5.48 107.22 +£30.45 195.7
10 23.27 £4.98  48.48 £4.29 108.36
11 34.57 £7.29  98.71 £21.15 185.54

FLFAS F, AL P<0.01,

3.4 V&N PR A B EE 4T DRG A 28 40 g TRPAL/
TRPM8 mRNA FikM5Zm 5 1E & 4 AL, ¥ i
2 2l TRPAl mRNA %3k B F& (P <0.05); 5%
ML 1 4H HE A, ¥ N 2 44 TRPAL1, TRPM8 mRNA
FIRHW TR (P <0.05) 3 5% Nifk 2 4 A
1 4UFN AR 3 41 b4, W EEE 2 41 TRPA1 mRNA
BB ETE (P <0.01), AR 4 X TRPMS

B3 % Rz#An A AR BE Xt & A DRG # 2 40 fig TRPA1, TRPMS
mRNA RIEHWHME (2 +5,n=3)

Fig. 3 Effect of cold stress and cinnamaldehyde on TRPAIL,
TRPM8 mRNA expressions of each DRG neuron group(x +s,n=3)

4 it

DRG i 48 Be 6 432 52 41 Ji 1) U v A7 18 i AR A
HETDREAR B AL A B8 55 5 20 A, AL N Ah 3R 58
AR A 2 AR AR B AR I p R Rl
[} DRG JEoe 280 & 4R, e il fa B, B 1 — , Ty
e 5 28 R 0 Ho A 42U, O B4 A T R A
R B8 6% 52N AH R IXBUE A% 42U RE . PR,
DRG & 248 1l BIF 5 1 48 5% 490 i 3L AR L I 0 1) R A
FEA

Ca’ " AFAE T4 LM b, fE40 ik &,
Ca®" 44 T 40 i A1 40 Mo 3 455 % 3 AN 2w b,
TR EARAE TS, 43 N B Ca™ " Wik B R AIC, 7 40
MOSh 5 A e Y T A . X F ok
JBE 2 5 (0 4 H5 A 90T 5 SR P S I 4% 2 Ca® T IE
Fil Ca® " -ATPase 5 AR 40 Db [ 3 1 o At TR ) 42 3
i ( voltage-gated calcium channels, VGCC) "' | i &
T4 B 45 @ 8 ( ligand-gated calcium channels,
LGCC) , 45 J 18 42 B9 45 18 18 ( store-operated calcium
channels, SOCs ) "', 7€ 7 U 4 W 4 4 19 4% 38 it
(arachidonate-regulated Ca’* entry channel, ARC) """
REGE Ca®" 3% 32t A= W B, ¥R 40 Mo 41 o 45 /22 a0F A 4
U . 1M Na'-Ca’*-ATPase, Ca’* -Mg’* -ATPase N fig
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W AN YR Ca® " 300 B8 T R B 25 08 & 40 M Ab,
Ca’" -ATPase ¥4 412 Py Ca’* 30 B F Uk i 22 ia =
BRI Y AR T B, Ca T A A B IR 2
BEAT R, B LA 155 3 3 Bl AT T s S 2o R N
Ca’ " WRJETF . B HEIHE M (CaM) 45 &, 7 40 i
PN A R A T RE o A UL PR AR i 2R AL i RN K
B0 2 300 9 4 LA R A R R T

ARSI AE B EOIRZS T, 40 M 4 15 40 i A%
Ca’"  HHHaAh 45 Ca® " AP HIR 245, 36 28 4 1t
TR ARG S 40 2 S B — . XY DRG M &4 il
BT 0 CWRECRE G, %6 AE 55, 2 W 4 i 3k N
Ca’ " ¥ FE ARG ; 278 4 ML 2 B9 Ca " AP K T I 3,
PEIAMCIR AN G T Ca®" YIS, Ca’ " FE 40 ML N 2
5009 A A SN U D 0 i T B S B IR . M4
T W R IR YT 25, A OO TR G T
FAANMISE P Ca R IR s R HE Ca® "
KT HNAL, Ud B PR I A L BTG T Ca® " P O T
PR 51 % — Z 50 A A IR, 40 i 5 B AR AS .
FARLE KRBT Ca®" , Mg™" 15 32, 1T 4k Bk 41
WCa M’ BT TS LB Ca #E R, 5 fluo-
AMGE G Ca®t ok AN ML AS B o W N B R A R
REAL FTHE F EOR S R 4 i 4k Ca® " i F- 51 % 40
g Ca® " fia) i 41 IS S22 B T B 40 A o AR B 0O G
FAE W ISR 4 L R R T AL 3 2 Y A i O
{ELE =5 T TR 25 0 4 L ¢ S i, DT okl mT LA 0 ()
T [ I 2 T 40 B PN R Ca’ 5 40 i A
Ca’" [l .

2 B IR A1 I B0 G 0 e T A R e T e L
TAEHe BE B, i — 44T Real-time PCR #5{0l , 45
58 7R V4 IO J8O0F VA B TRP 3838 A9 5% Wi 4 02 2, A e
¥ N OIR 25, TRPAT mRNA 3 3k T8 48 4k 5 1fif 4 i
R IR 2, TRPAT mRNA 3£ ik b8 ;5 7] B4 R 34
X TRPMS (4 5% Wi i K~ 5 &, (5 2 K w4 B
TRPM8 mRNA 1) 33k = F 5 0 1998 B 3. UL &5
P54 RS T LR A 218 [ R THR . AW
T X VA B TRP ) 52 i) -l B0 ) 4 M 11 e 0, AR 52
0 & PRI 24 v B ) PR A T RE 2 I K B DRG Af
Z 40 il TRPA1 mRNA 3k i iZg5 RS LR AE D
T WL 5% — B0, T) A PR e R A 1 O KK, G 000
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