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[Abstract]  Objective To investigate the effects of tramadol hydrochloride preconditioning on activation of
nuclear factor-kB (NF-kB) induced by norepinephrine (NE) in cultured neonatal rat cardiomyocytes. Methods 1 to
3-day old Sprague—Dawley (SD) rats were raised, and their cardiomyocytes were cultured for 4 to 5 days. Sixteen wells
of cultured cardiomyocytes were randomly divided into four groups (n=4): blank control group, NE1 group in which the
cells were incubated with 1 x 10 mmol/L of NE, NE2 group in which cells were incubated with 1 x 107 mmol/L of NE,
and NE3 group in which cells were incubated with 1 x 10® mmol/L of NE. Another 12 wells of cultured cardiomyocytes
were randomly divided into three groups (n=4): blank control group, NE3 group in which cells were incubated with
1 x 10 mmol/L of NE, tramadol plus NE group (T + NE group ) in which cells were incubated with 1 x 10~ mmol/L
of tramadol hydrochloride plus 1 x 10 mmol/L. of NE. Tramadol hydrochloride was added 30 minutes before the use
of NE in T + NE group. After exposure to NE for 24 hours, the expression and activation of NF=kB in the cultured
cardiomyocytes were determined by immunocytochemistry and flow cytometry (FCM). Results The results of
immunocytochemistry showed that the expression of NF-kB (including average optical density and positive units) in NE3
group was significantly increased as compared with that in the blank control group (A average optical density: 0.30 +
0.03 vs. 0.12 £ 0.04, 1=7.200, P=0.008; positive units: 39 + 14 vs. 22 + 6, t=4.610, P=0.020). The results of
FCM showed that the levels of cytoplasm NF—kB in cultured cardiomyocytes were decreased significantly in NE1 group,
NE2 group and NE3 group compared with blank control group [(45.8 £1.9)%, (383 +1.8)%, (20.9 +1.6)% vs.
(54.6 +0.6)% , all P<0.05], and the level in NE3 group was significantly lower than that in NE1 and NE2 groups
(both P<<0.05). The level of the cardiomyocytes cytoplasm NF-kB in T + NE group was higher than that in NE3 group
((57.8 +0.4)% vs. (209 +1.6)%, t=57.524, P=0.001). Conclusions Tramadol hydrochloride preconditioning
can inhibit the activation of NF-kB induced by NE in cultured rat cardiomyocytes. It plays a protective role in ischemia
myocardium at cell level.

[Key words] Tramadol hydrochloride; ~ Cardiomyocyte; Norepinephrine; Nuclear factor—xB

R BRSPS, it
S IH E NP2 AR A |

k00009 IR, UITTEERRESE . LiprkBewe T LRSS A . BT SO L L R
R0 030001 JEE, IIPYBERIKAES —BEBURAEFH ST (norepinepherine, NE )l 5— % (1O I AL

A EH : ZPEL, Email : guozheng713@yahoo.com Sl AT 5 O LR 'f% GO T RS R Ty RE



rRAE G T A B BE A 2013 4E 11 J145 25 %5 11 ] Chin Crit Care Med, November 2013, Vol.25,No.11 . 647 -

RS, (R B AT 0TS PN R 20 B A% 5% s X —kB
(nuclear factor—kappa B, NF-«B ) , St 5376 11 45 7
(ROS) R IRFE N T —a(TNF-a)  FA4IHEA 3 -1
(IL-1),ROS . TNF-o . IL~1 1F JZ it Hi 42 3 NF—kB HY
R s e 8=k e 1 oS R e 3 S A R =
TR B IR th NF—kB 700 JILBR LT 48 5 1R
PRBEIE D . ABFROULEE R R 1t 5 Z2 TAL #EXT NE
PR K L LA NF-xB IEAL RS20 , 5 7EM
AL KSF- R TR R i 5 Z2 ] B LIRS AL

1 #R55E%

1.1 DR IR S S . SEIRH 1 ~ 3 H g
A= SD KB, B LG BB R 2 5256 s 4 rhon FE 1L, 5
YIEHAIES SCXK (T )2005-0005 , A 4fE Webster %54
AR  FETCE 2 TR RO ZE Y AL 1 mm x
I mm x 1 mm JZHZAY, A 0.08% 1) JlE 75 FH BT AL
I3 B PSSR 20 M B - O LA AR T 6 FLER IR AR,
BN 5 x 10° 4> /mL, 7E 37 °C CO, B5F-Af b A1
Ii SRR R 1 K. AU 48 h FEREFRIL P A
5— VAR EIEREEE 0.1 mmol/L, LLIMHIHEC LA
A . S O, R S b s R - 2%
MZE - B - WP (SABC) A4S DL AR A
FIREESUILEN B 1 . 3, 3'- R SEBEfE (DAB ) Y fh
SEAFT A0 O LA

1.2 RS AR 4~ 5 d RALE RS
TS5 B 16 FLANME , e AL 7 R 1o A 2s
FIXTHEZH M2 1% 10,1 x 1071 x 10° mmol/L. NE 2H
(NE1.NE2.NE3 41)4 2, %2 4 fL. 538012 £L4H
L, HeREHLEC TR A (6 4] NE3 4]
(1 %10 mmol/LNE). T+ NE 2H (1 x 107 mmol/L £k
TR 22 + 1 x 10 mmol/L NE)3 2, %5:2H 4 fL. T+
NE ZH7EHNA NE(Sigma 23wl , 22 E ) 30 min il A
g ith & £ (35 346G, Crunenthal 23 5], fE5E ). il
A NE Ji7 24 KA TH AR I AE

1.3 NF-«B FBH9ME AR A = R I s 45 S %
B, 1 x 107 mmol/L NE [VE I ESE" SAFFE i H
1 x 10 mmol/L. NE Il A E| 40 1 F2 5w 5.0 L4 Al
ILREFE 24 h 5 RS E 41k SABC 3£ 2 NF-«B
Feik, /NEBUK B NF-kBp65 52 i Al [ [
Santa Cruz 2~ 5, &S SABC frprei b Ys ik &
J DAB ekl (EpUs- A Y8\ = i) it
e, SR EPRABEIL R 2 R &R A R
3] IDA-2000 Okt 5 G KHZ 5B R Ge kA T KR
M1 BX=51 B34 ( H AR Olympus 23] ) T BEAL
PEFE 10 N HLEF ,NF-kB 2 1K 7K S 5% FH BH % B A7

(PU)FIPPIMOGRE (AEZFIR

1.4 5T NF-«B JG AL RE B A9 00 52 « F 0.25% 25
1 T A S LA BV, 35 T A 2 B 5y
1 x 10° 4~ /mL. R IEE Caltag 23 7] Y41 HE [ 25
BEFTILF B AT 28 e hrid, € Coulter 2 F] (1)
Elite—Esp AR . RS IRPOEER
FRIC Y TeG (FITC-TgG)AE A B X BE, 245 5 DL o
NF-kB Fik W B 4 LR BUE AL, 68 NF-«B
A3 PR PR 5

1.5 SiiteFivk: RJH SPSS 13.5 it ik ab ¥k
P, R POR LIS RL + AnvfE 2 (3 + ) FR, R B
B2, P<0.05 WZEFAS I E X,

2 % R

2.1 O ULARAR A AR 5 B S e R RSN SR
O 16 G RDE SR, SR TR A Z AT
KAFIEAE, 24 h J5 v] UL 4300 WL JfL G BE | 48 ~
72 h i, 2B SR T AH B A 2 SR, T B 4T
B SRR, S CFPRIF O BHES ] ;O LA L S 45
12 ~ 80 K /min W RILALIEZN . H DAB ik
YR O LRI, 55T S A B £ A 4 A O LA S
22 B4 NANM NF-xB 3509 AL frisdifl
Yt R, 20 B S BRI SRR B 8 R NF-«B
FEMEY (1) 2 145888 ,1 x 10° mmol/L NE
20 ILATHE NF-kB 19°F-3) A A PU Y& T2 M
XTHRZH (3] P<0.05),

1 B3 FEHRSNE FR8 A R Bl C LR A e s A7 —<B
(NF-kB) 13235 O LA M AZ S AN A P4 A% 0 €0 JB0RE Sy
NF-«kB P S 0K 5 25 6 B2 Ca) 400 M A% 8] T 3t 5 1
1 x 107 mmol/L 25 HV'Ff I B 3 (NE)ZH (b ) £t it A Fi A% P9 e £,
B Rrsdfe AEECR

R 1 FSARIMETH A KO LA
NF-«xB £k b E (x + s)

e NF-«kB ik
21 FEAREL -
X A FEE 543 (PU )
25 R 4 0.12 +0.04 2+ 6
NE3 4] 4 0.30 £ 0.03 39+ 14
t{H 7.200 4.610
P1E 0.008 0.020

1 : NF—kB WAZHE TR T —kB,NE3 4154 1 x 10 mmol/L Z:F1'E [-Igs4]



rhA s BB 2013 4F 11 55 25 455 11 8] Chin Crit Care Med, November 2013, Vol.25,No.11

100

10!

107

54.9%

10°

SOEE T (HiE)
7 R

10%

Alass (1)

50

w
S

]
S

10°

10!

60

40 50 40
44.4% £ 37.0% £ 19.8% £y 58.1%

R R 30 By

220 2, 220
H 3 =5

10 10 10

0 0 0

100 100 10 100 100 100 100 10¢ 10° 100 100 100 10 100 100 100 100 10
YOAF SR (GHil) YNNG SO Glil) YEHAG TORPE (GHiE) SENAF SR (GElliE)
NE141 NE241 NE341 T+ NE41

1 :NF-xB A5 7 —«B,NE1 NE2 \NE3 414351 1 x 10,1 x 1071 x 10 mmol/L 2 H B _EHR A,
T+ NE 20 MH1A 1 x 10° mmol/L NE il AZEEZ I 522 1 x 10 mmol/L
2 G ARSI 5 2H (A S 30 AR K BR O LA TG NF—-kB 7KF-

2.3

DL NF-B 89356 (18] 2; 3 2): 3 NE

WO BFST A SR R, O ILBRIL 15 ~ 20 min J5 , R

WL RGO LN AR Bt NF—kB /K2 8 T [
(F=332.270,P<0.000), % NE 210> JUL 21 A1 Jfd o
NF-kB /K0 BAKF 25 AT HR A (3 P<0.05), H.
NE3 W AT NE1 21 NE2 41(3) P<0.05), £
i il o 22 AL PSR B R, T + NE 200 LA it o
NF-kB 7K F-IH i 5 T NE3 4 (1=57.524, P=0.001).,

F 2 AUAEIMNEFERERO A
Mo NF—«kB /K- (x + 5)

21531 FEAAL NF-«kB ik (%)
25 IR R 4 54.6 0.6
NEI 4 4 458 +1.9%
NE2 4 4 383+ 1.8%
NE3 41 4 20.9 = 1.6*
T+NE 4] 4 57.8+04

1 NF—«B W55 55K 1 —xB,NE1 NE2 NE3 4443510 1 x 107,
1x107, 1x 10 mmol/L £ H ' FIRZE4,T + NE 48 ImA
1 x 10 mmol/LL NE R AZLEEM 522 1 x 10° mmol/L 4 ; 5

23 IR HRLL HAR , *P<0.05; 55 NE3 41 His, "P<0.05
3 i i

NF-kB & — iz i 5 R 5, HAT 22 ) M0 1 1
o EALRIFL 85 4 AR GL f if B4R, kB A1)
il 25 A (1B ) & A= B R 1L T 5 NF-«B fi# 2 ,NF-«B
BB AR, SHEF A s P45 6 e il 3
Tk, FEAHL AEHHE R ER, TERR
LRI / PR B s A AE B R A R L T, ]
% & NF-xB 0915 1k L K 5 M — A b A &
(iNOS) A A= 1., 117 NF—«B (915 1k LA K iNOS A i
Pb o A g TR R T R, EBORTE

ST RSl NF-kB 55 TR AE R — 20 im0
NE BT Z A 3R, S A& R p
KRG LI T . AR, NE 7E40 /K
ST O AL i RS 25 3 R AH G R (CGRP) Y 36
s 2O LB M B HLARSS B - B E IR R R
b O 1 W i Nl I 1 0 S R R R

O WUBE LAY NE ¥ 28 1IE# % NE ¥ B2 100 ~
1 000 A5 Xkt WU B EAT ELHE AN )2 %) 20 M A
o NE 0142 {8 LR R R a2 IR A SR 0l
O JILAR B = A2 KA ROS,ROS A RES: 5 NE 0%
NF-«B K _FJH.O WAL NF-kB 455 162,

B 25 5 . TR NEAR R A (TNF—o IS
gk AR AT LAV NE X0 B A4 75 B 0o 38 i 5K
SRS 5 A BT 368 B 1A B st N HL S A 5 S
B A G BAR , NIRRT B2 g A O LR Y
8k Pl i Z ARG5S NE SE R AR RRIMEEF(AC)
TGRSR N, RN 3, 5'- BRI AT (cAMP)
BRI B AT , AT SR NE Uy IEAE FH A0 St i 07
BARE SRR B, BT R SZ ARSE G R B
JULER I / P B A B DR 00

i 2 22 oA ELA R AE AL A AR B S i P
B2 BERT AERTT o 524K, ST il #2480
RAMXT 5— P2 R M NE AP i 4 28 o0 4
5— BTG AR R . ARORNE R ih
Ly Z2 AT i) v S 57 il R 28T 5-HT1A 524K 3R
ik, ZAERTAT e R R B 2o B A AL
Z 0, s Z e IR VR S AR S MR G
A — LA (NO ) 7KL AT G, AT il 4
AMEFRIRAS T AR PR3 S SRE SO 2 1
2% SRR S N RO WL i A5 4 5 A
FHIEHIS,

SRS HT AR ARG R, $hieih & 2 T
b 2R IR BE R BRC ISR AR (IR NF-B (1)
FEIR BAE AL KO A —E B 2 AR5 R
JH1x10°.1 x 107 Fl 1 x 10®* mmol/L. NE £ JH T4
MR, AN FMREE NE Y] {0 L4
M NF-xB 3G k30, HE—ERE - kR, H
1 x 10° mmol/L. NE 1B &, R , ASHF 58 2E $5
1 x 10 mmol/L /£ NE iU . iXFh NE 155



rRAE G T A B BE A 2013 4E 11 J145 25 %5 11 ] Chin Crit Care Med, November 2013, Vol.25,No.11 < 649 -

ng%ﬁﬁzﬁff,b/f/ﬁﬁﬁyﬁ%@ H@f%%%i\‘ . Bﬁ% NE i]ﬂ% [12] Flohé L, Brigelius—Flohé R, Saliou C, et al. Redox regulation of
NF-kappa B activation. Free Radic Biol Med,1997,22:1115-

%%E E/‘Ji[_%l— s ﬂﬁ%i@ﬁiﬁﬁ/bﬂﬂ?ﬂ]ﬁ@?ﬁ4ﬁ \ﬂ:%% 1126.

gﬁﬁ?ﬁél&%fffﬁlbﬂnéﬁjﬂ@ NF-kB B@%@iﬂj}ﬂiﬁ‘/ﬂc s ﬁﬁf': [13] XU Wan-hong, WU Dong-bo,ZHANG Xiong, et al. Cardiac effect
N N — N f norepinephrine and its modulation. J Journal of Zhejiang
bk [25-26] M. e 4 4 0 pmnep

ﬁzlﬂﬁ,ﬁ;ﬁﬁ Olﬁ ﬂ}ﬁﬁﬁm ’ T+NE 'H/L)HJ‘L’B] University( Medical Sciences ) ,2002,31:59-62.

MUBL T NF-kB /K-8 T NE3 41, $enihigh g [14) SREERER GOMS, 5. IRTF BUL LB / PR L

. N N SRR T SRR T —kB IR [ fe H R s 2
| 5§ 4 — v Y ’

TR B AT NE 355 K BLC JILAE IS NF-xB 1Y% 2004, 16, 158160,

Ak, T P2 A VR VE ] (H AR B — ZORTISE — (151 SRR, XU, E . 288 56 F914ch B0 1 ke oy 71k 39 7 /8 B

FURR S e WU A / PP AR T O LR P L. o [ e T R =

BORAR ARl — AR 2 ,2010,22:105-108.

S0k (161 B, UG AR, 45, 0L / P VI 05 8 2 s

‘ 7 ) 3 =4 . —

[1] Raffa RB,Buschmann H, Christoph T,et al. Mechanistic and &+R%U%}J?[*' *[ﬂfi,ﬁﬁé‘iﬁ@%,ZOlO,ZZ.?SO- ?83'
functional differentiation of tapentadol and tramadol. Expert Opin [17] Yu XC,Li HY,Wang HX.et al. US0,488H inhibits effects of
Pharmacother.2012.. 13 : 1437—1449 norepinephrine  in  rat cardiomyocytes—cross—talk  between

[2] Bradham WS.Moe G, Wendt KA et al. TNF-alpha and myocardial kappa—opioid and beta—adrenergic receptors. ] Mol Cell Cardiol,
mairix metalloproteinases in heart failure:relationship to LV 1998’30:40‘1_4}3' _ _ N R
remodeling. Am ] Physiol Heart Circ Physiol,2002,282:H1288- [18] A& AR, AR, SKIE SC, 55, IR S2 AR A0 00 A B C LR
o L/ RS (R 7. o R A 2 B, 2007 19

[3] Li C,Browder W,Kao RL. Early activation of transcription factor 6?3_694' ’ . o
NF-kappaB during ischemia ingperfused #at heart. Amgl#Physiots [19] Lindholm D. Tramadol in pain management. Medicine Today 2004,

5: 63-65.

1999,276: H543-552.

[4] Webster KA, Discher DJ, Bishopric NH. Induction and nuclear [20] Raffa RB, Buschmann H, Christoph T, et al. Mechanistic and

accumulation of fos and jun proto—oncogenes in hypoxic cardiac functional differentiation of tapentadol and tramadol. Expert Opin

myocytes. J Biol Chem, 193,268 : 16852—16858. Phiarmacher,2012,13: 1487-1449. -
[5] B ik, 2hm. mmHEFEAZI % 22 S 1 2iE S BLe L4 [21] B3O, 77, B3, 45, i 5 22 X0 0 28 B I B i oz 47

1 NF—kBIEALIES I, T AR 25/ 2007 .27 :66-69. filt VP 28 90 5-HT1A 520K 3 3K (52 . o A2 JRR e 27 2 3
2010,30:708-711.

[6] Hinz M, Arslan SC, Scheidereit C. It takes two to tango: IkBs, . S ool .. _ o
[22] w677, L, GREGAR, 5. O UFE SRR 58 06 5 G o L

the multifunctional partners of NF-kB. Immunol Rev,2012,246:

59-76. FIPRIPE . Fh AR 243k, 2003,23:675-677.

[7] SURHE D5 XU, % KR OB s b oy (23] SEEDE S SR R DU RO LR L 5847 )
T 5 NF-kB p65.iNOS {5 ik. 485 4> T s 2 7 i | PR AR PRz B2, 2010, 12:609-610.
2010,26:868-870. [24] Zhang LZ,Guo Z. Tramadol reduces myocardial infarct size and

[8] Gilmore TD,Garbati MR. Inhibition of NF-kB signaling as a expression and activation of nuclear factor kappa B in acute
strategy in disease therapy. Curr Top Microbiol Immunol,2011, myocardial infarction in rats. Eur J Anaesthesiol,2009,26: 1048-
349:245-263. 1055.

(0] RS, 280 VEILIE, . ARG A ik g (2] HLARAL BT DR S OUATIR TNF-a NP-iB 255 Tty
FEATHLEIESE. oG TR ARPE,2011,23:267-270. HE i 2 22 BN RGBT A 17 B, 2006.

[10] 75, Bk 20 IR 250 )LATIE CGRP ik 4k iy [26] HEHFE. EPE ERESHS RO NF-«B E1LY
M. TG EE 45 A0 IR LA 2475, 2011 ,9: 703-704. WL IPH R3] , 2008, 39 : 594-596.

[11] Schoémig MD. Catecholamine in myocardial ischemia. System and (WS H 38 ;20 Ll. 3;24—1?)
cardiac release. Circualtion, 1990,82: I 13-22. (AR SC Gt - ZRARF)

» B e ik -

TG 2 R AR BBk NG TT RAIBE IR 214 ST ERia 5
DAEREEZER O MERREHXE

2R bR BB AGAIY (PC) AT B R k28 20k ST BEHA R AL O IUESE (STEMID) SR B WS , (EXF TR B 20 B 38 M7 (A i
KoL R FE R RS K 3, TR P HdE AT PCLIRYF TR A 3 M ICEIE . NI, B [ 2 E X HZ AT T — 001
RIS . WFFEXT4 A 2008 4 28 2013 4Pk F 9L 5 AN EE2EH0 1) 465 BT Z5E% PCLIRYT I A : STEMT 35 (Hdh 3 filfEs
ZEFSAL R ) s BFFE A GURE B BERL A R 2L : — LA AE I S B IEA T PCT AT O RATL) 5 55— 2 ) B iR SR 2 b 2 e 28
RFEAR Bk 7 A TR PCTIRYT o RN SRR A OV TE AR At O A FE S 1A M O B0 5 S PR T 5 SR R - i &
2013 4F 1 BN 4 W 2 0L 2 e R UE G 2 43 S R TS IR R A 2 kiR . 487 23 A (Bl A ), T
£ PCIIRYT LA BRZH BB 43 578 21 $1(9%)F1 53 51 (23% ) BB AU, CoURIEFET AES a0 WAEZE S | A FE T AR 0
ZE S A PE T TG IS HE 23918 0.34(95% v {5 X 18] (95% CI) Jg 0.11 ~ 1.08).0.32(95% CI & 0.13 ~0.75)F1 0.35(95% CI
0.18 ~0.69), BIFE A GRS N E5IE X T 432 PCLIAYT Y STEMI B 3% B £ 4 TR ah Ik 3 S0 W B RO B2 | IR 4 4t %o 3
BeAE TR SV 73 S A T TR M PCTIRYT T 2 B I AR A0 i A AN R P F IR

TR, YA, %iF B (N Engl J Med »,2013,369(12): 1115-1123



