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BER OEEE (B8, atrial fibrillation, AF) Z% WKL EKE 2 —, B
IR, R HEANAERENLE B 0 R 58 A B o 30 A SR 5 3 BH S0 LT 5 1O
J R T AR A3 s B AR R e . AT ER (Bilirubin, BRO J&—F N IR BT
ST, WERRIAEARSN S 2h 0 gl LB 7%, wT BRI A E R, TG
TREZL 0 B B E LI O i L B AR R 0 2 2 R A (R 5 ) R AT 4 S

BE @Spud.O it (Rapid Atrial Pacing, RAP) ZFGiEM, HKHHA K
VEF T IR, WSO PR O o S P A R o oy i A 38 5 S A S TR S D

FHiE KR REENL S NETFARA (Sham 1), &4 +4 3 8K E 5 4
(RAPNS 41), RHE+IHL REHZH (RAP+BR 41), Sham A4 Fitid. £ RAP
J5i % Oh. 8h. 16h. 24h HE4TFEF HEHI¥L (Programmed Electrical Stimulation, PES)
LA 4520 5% G 0o 5 5 RO B W (Atrial effective refractory period, AERP), it
S AERP BA3E R s i B s R A S LR & ZH AR 24h S50 WL L
TS FIMIE I al. a2, B2a mRNA RIAMFARL . K& 4l 24h f5 M58
FAIEALEE (superoxide dismutase, SOD). P . (Malondialdehyde, MDA)
FARBEH K (glutathione, GSH)VETERIARMLEIL: FOLIREF — R OMEGOME
B O HIEESE E 3L (reactive oxygen species, ROS) HJZRAL I I o

GER RIHRHE S SR ST RAP KR BEAL; 7F RAP+NS 40, PO.
P8. P16, P24 B lI#3/¥] AERP iZ¥#i T (P<0.05), P8 %t PO ] AERP Al 1&
R AT R (P<0.05), 1 P16+ P24 BHRATI LI EAEb; RAP+BR 414
¥ %I Bt AERP A& MG W] 2324k (P>0.05); RAP+NS ZHY5 Sham 41
FIEE, al. p2a mRNA Fi& F % (P<0.05), a2mRNA F£ik L E4 1L ; RAP+BR
Hal. a2, B2a mRNA FIEE: Sham 412 T LGSR, Ul RAP 520
P4y HAEBRRFAE AR AL, T BR A] DU BGELE 8l 55X Fhie . 5 RAPHNS
HAHLL, RAP+BR AHI{E SOD /KFFE . MDA KV R, GSH /KFF

(P<0.05), RAP+NS 4.2 ROS &4k Sham 41 7+ (P<0.05), RAP+BR 4|
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Abstract

Abstract

Background: Atrial fibrillation( AF),which still has not completely clear triggering
and maintaining mechanism,is one of the most complicated arrhythmic in humans.In
recent years,there are more researches indicate that oxidative stress can trigger the
development of AF through causing atrial remolding.Bilirubin is one kind of strong
endogenic antioxidants.Co-culturing it with animal cardiac myocytes can prevent the
remolding of cardiac myocytes.However,how it affect the atrial electrical remolding

of AF or rapid atrial pacing(RAP) animals is still not clear.

Objectives: Make the model of RAP rabbits.And then treat them with Bilirubin. We

can observe how Bilirubin working on the atrial electrical remolding of RAP rabbits

and how it affects the oxidative stress.

Method: The rabbits are randomly divided into sham operation group (Sham
group), the pacing group + bilirubin injection group (RAP + BR group), pacing group
+ saline injection group (RAP + NS group), and the sham group do not need to be
paced.At the first0,8,16,24hour after RAP,we try to measure the rabbit atrial effective
refractory period(AERP) by programmed electrical stimulation and calculate the
AERP frequency adaptability. Reverse transcription polymerase chain reaction
reaction can detect the mRNA expression of atrial L-type calcium ionic channel al,
a2, B2a subunits.Superoxide dismutase (SOD),malondialdehyde (MDA) and
glutathione ( GSH) can be observed by serological detection after pacing for
24hours.The fluorescent probes-dihydro-ethidium (the dihydroethidium of DHE)

staining is used to assess the reactive oxygen species (ROS) in atrial tissue at each

group.

Results: We successfully make the models of RAP rabbits and group them

according to the experimental requirements.In the RAP+NS group,at the first
0,8,16,24hours after pacing, the AERP gradually decreased (P<0.05).And compared
with PO,P8 has short rate adaptability(P<0.05),While no change at P16,p24.The
RAP+BR group displays no change about AERP and its rate adaptability correspond
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with each other at each period(P>0.05).The atrial L-type calcium channel subunit al,

2a mRNA expression showed no significant difference between RAP+BR group and
Sham group; al,f2a mRNA expression was decreased in RAP+NS group compared
with Sham group (P <0.05), but no significant change in expression of a2.RAP impart
on the atrial electrophysiological trait,bilirubin can effectively put an end to this
change.Compared with RAP+NS group,RAP+BR group has elevated serum levels of
SOD,GSH and decreased MDA levels(P<0.05).RAP+NS group contains more atrial
ROS compared with Sham group(P<0.05).However,the ROS level of RAP+BR group
significantly decrease compared with RAP+NS group.It reveals that RAP lead to
enhanced oxidative stress,injected bilirubin can improve the body's ability to
scavenging oxygen free radicals. It can clear excessive ROS generated in the rapid

atrial pacing.

Conclusion: RAP can cause the shorten of AERP,influence some mRNA

expression of atrial L-type calcium ionic channel and promote atrial produce excess
ROS.Bilirubin can enhance the body's resistance to oxidative stress and clear excess

ROS,and then prevent the atrial electrical remolding caused by the early RAP.

Keywords: Bilirubin; rapid atrial pacing; atrial electrical remodeling; oxidative

stress
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1 5] (Introduction)

PBTEIRIR FRCAH W, RAE RO 2 —, 3B £ L4 B
AT SR, WA SR S . B R o R AR UM R B)i2 b
B, FERMEGE. FREMEBEEL KA BRI ARE S B A S K
FO R FERRE, QO3 AR ZE 1% R 1o o 0055 42 55 7™ o g D 6 N 2R (g R
AT CU0 s B 3 1 R A RSB T e i i, A F AR Y, R
F R A IR TR TR I AR 40 S IR H N 5 155 3 5. thah, p B R
N0.77%, 1 656 % UL EZENEE, TRAET S AREEFE, wILERC
FSA 5 BRI RS fE I R 25 o BRAR H AT DG T R Bt AL A A, (B2 5B
IAENURIT AR 56 4T A, DRG0t b5 B R A R s A2 e PRATE 702 1o ML A AR 1
FLH

[ o5 - i 225 TG T s B AE AL BR R I 7L, I ik S5 7 ek el A ) B
e ANEEEY, 05 R EM (atrial electrical remolding, AER) ALl
JRAEMIER (atrial structural remolding, ASR) J2& /55 BiifS AR AE RN 4k 1
OFRAT o HURRI OISR SRR B FEAZR R PR A 43 R 1 45 )
A2 s BUR AR RN R R P U A, AT AR DU Y T B2
B 36 5 B P 2 i, SR 1T LA U 5 R AR EA LA R e 4 2, DRI PR T 3
EPRIE 0P EE— D B TC . BRI 22 (R 70 32 B U0 RO S /0 s FE R
PR R AEAR G, A RETT B B B RO AL 2 — " B H RTIX — 5 TH
FIBF T M A T RS B, BRI, TR B8 2 50 TR LS s B i 5

2 SIS ILIEER (Oxidative Stress and Cardiac Remodeling)

2.1 OEEM (Cardiac Remodeling)

O I LA R R AR T 0 S0 T 5 2 IR — M BRI R, R4 SR A
FU BB R LRI OUUREZE . OWLAR . skl s mishfikmE. =
Bk A, X i TR O LB T g il RS LT, WL 44
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SR KA LS, g Rrsad Rk e g g sg 4 40 ar W T4
il I, WU KRR, SRR, ORGSR 1B, st
il AT 5O AL T, X F NS OV B AR 2 2 )

R o
O U B A X — i B T R e 43 A T O R ) P A S R A, MR UL
MR K ST, &8 AR oS 5] i PR S T R, AT 4R 0 M A L
AT AESHI, F R B PR ARSI, B O AL R b S S 2 e, o0
P VA A BRI S A B i R R AT Ve 0, O SV, Sl R R%, L
AN RIS UGN, AR M RIR & o — FR B A RS 7 T 11 52 O A E R [
OB AR S ML HCR B O VA S A BRRAE LA 45 . I e 2 R Th BE 1Y)
PR Ak AR AT 51 S 4 B L PN B SRR As ™), X SEECRIANO3E, Bk OHK
H AUt 23 A 1S
O FE A AR AT WL 5 B R, e 0 EE M, o 5 10 85 ) A AR L B R
WA B 8K A i A v B B A R, T AL R e A B, AR
SRR 22 (Rt 048 H AU RO AR A 5 UK A R BN 2 — , DRI 0 R N3
iR SE A B O U A R R
2.2 A R O I EE
AL R (oxidative stress,08) FEMLIA &M KT 5 FZEHAL, TiHiE AL RE
W59, SEOEVESE H%E (reactive oxygen species, ROS) A8 A0, KUK K
iERR, &2 ROS TEMR N HERR BG40 5 S i S = pt Tyt #2 . K& 3)
WA R R, T A B O LA R A LB S R . R Y SR
g fig &% Xl 1 15 £ & M (nuclear factor-kB, NF-«xB) A1 40 fi 1 1215 5 1 175 i iy
1(Apoptosis signal-regulating ki-nase 1, ASK1)5| 20 LANAAL K . 40 70 I Jif %
i, RO EY KU, IR R EE N R, O HAE R SCE . SR
AT DB I SO B T A ) 4 ) 5 00 LA B P A O TR s kU,
o BHAS BT B R R R AR H T RE 3 R A e A 4 2 PO, T 4545 0 L
200 Mt 5 0o WS A D e DRSS BT L o3 0 R B Do LA RN . BN, Btk
A KK T-B (transorming growth factor-pl, TGF-B) & UL 44k ) — AN B i
TR, (ECHE AN, FAE 5 0 T A BOEeE , feikan fu oh 5 s it
2 W B i 2R T AR b A B 4 i S SE A V) & 8 (endothelial nitric oxide

®q%kﬁ

S0
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synthase, eNOS) AL L[l —%4b %A (nitric oxide, NO) [I7KFP®, 1 NO AJ
CAA o LA AR K B O ILET 41272

i J R W e R R v A% R B B2 (nicotinamide-adenine  Dinucleotide
phosphate, NADPH)% 0B &L AAE AR N B Z 52—, FEME A R3]
WS R, AR R G0 ) g i 5 AT DLBOE O UL4E i NADPH EUALEE, R
HFRIAIN, AF5 Nox2 FI Noxd B AP0, 0o U S8R A7 (1 A8 2 [X B 7]
DI IR 2RI R S 4k, SR 0. WEALERK. o5 FRE
HE P BN 245 55 A2 AR HH 00 LA B IE K Y TR IS 25 15 9% NADPH UM 05 1
S R n (40 R R 7, Ao R PR EIR F-a (tumor necrosis factor-o,
TNF-0). TGF-B th ] LUI#5% NADPH S 4L ARSI, i NADPH LG
750 AT DABH B Co LA B R IR, FEARANSEBG op, Y R R -1 R R K
NIRRT, SRR AR IR, R AE Kt A2 ol 4 BT, TiH L R A A —
FhiE 2% NADPH S BEHIHIFR],  mT AR S ] RS20 i A JIE £ 2R B (¥ T im0,
kR FAFE M T ON40HE NADPH SALEE G OB 7t R 1
NADPH %40 E 38 VAT DL gE D WL B K . OV S 4R —JERE, s
Co I P 25 48] F A J o0 LAY

FASHE 7 F BRI, oo R AT S B0 B N S AR S RO, sAh, B
fRAL O 5 B A il X — MR 2T 0 5 R st st s, SE0HEA
LN R AL —, MO N EZ TR, ERIA Ny p B kA ERF Rt
FIFRBEED . FES O EA TR BRI G R, B EESECLHEA,
i RS YR s B KR

3 BEIREMMAIER (the role of Oxidative stress in Atrial

fibrillation )

LRI KA 5 B AU N AR SR BIF 7 R I B o B S S sh A T [ R4
REBUKT R A T BRI « Mih 25 NPUES — R i A N 5 i B e &, %
P R B TR B BUR A O BUUER £ 4 1 BE EURAESAN & F  EAIR S R AT
WEFL, X HRA O U8 TR B IE B O R R, 85 5 b SR (10 s LA HEE
HR A B AR, B NO A 6 (O™) T A 1 it SEU A 7 o e o 22
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. Dudley SFPH7ERIEC 5 AR AR L VPR T /2 B AN R AL e S B 25 1
AP R FL P A AT BRI AT, S5 AR R IR U o A 1 J 4 1) 2 0o oy B e 0o L PR AR
BHES 7 B0 A AR SR OB B A 2 T v, LA 0 1) e o B MDA 4 A
RS PR RCSE ARG 0, I RS S AL B HR, Ao e TR s, o0 HAH
GBI B 77 AR k> 2 85%, I HAE TR 0 o S HE A 11 00 s ZHL 43 AT LAAS DN
#| NADPH %Ak BEE ME 580 Kim 20 DR FIg 845 PCR. 256 FI &
EZE R AR 78 L 0o E AT A S5 1 5 B 0 s AL SRR 58U FH 8 7 AR, R
0 B IELE S /) gp91phox/mox2NADPH AL 1] B & 5 B H L J 41 4R
RS B B I R BRI, R BUR 0 5 4H 215 NADPH LRG0 5
AJ R B 5 AR R A B B 08D 90%; 5 55 kO S R B S B 0 i A 2R
H— S8 R S B R S N0 s WL S A 7 A, A — SR R Tl R
BT CF AR 40%, 3mSR A BT RES 5 s 80 s LB S0 35 172 A
Ak, Rk O R Racl (AT RLEGE NADPH S8 ALRGHOTEYE) (1R B AT
HRILFE . M, AbTT 2 m Ll R Racl (IZKSF, IS5 PO G b el
o oo 35 A RS BB 26 0, AR D B R A A rT R B, I 5 S S BORT DA 4
O 5 A AN S SRAR 1 RN 5 5 B 1) s A R R IX — WL e — U o s B O Ak
REFARE W RIE, SULR B AR R R 2, ARAT O IRGUIR LR & T DL
BRI FIF RARE M R AEPY . Kim ZET0L 26 B4T SMEHEE kA5 MR AR K 21 O
SRt HE R 26 4T L BIE AN A 5 R D G 0 s A U DR B SR A
LK R, SXHHEEALL, pEUEE GEILS N5 ROS PRI R &
ik B, M2 ANHUEAE R R IA N . Neuman YA Koroglu SPOP45 ) 7y
590 R B 6 2 A S B A B 2 T 5 o Shimano M ZE(CH H S804k B I
PSR T A S 3L, AT AR TR R R B AU R AR S R I S
K. Korantzopoulos 25 N\ ik 44 R4 8, I HLI N R RG34,
H TSR DIRAEAE R C, G5 R ISR 20 1) by B R 2RO 2 T PR B R, [
I iM% CRP 7K F ] AR B - Ferro D 2515016 144 451 52 A O S 1 1 9 i
%, WERBETT 3 N H, o4 BI4ERF M, 50 BIR K58, 5 B & B i 4
Az E KPR IEG.
FANEUK g 9, B4 2 59 ROS, LR B, SR IRz
W, BN Ca” D, (EME AR T . ROS AEWS SR LR AR, 1 ATP 4
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JSCIR/D A BB AT UL P 45 A e B AR R AN AL, T TR S A T P A R RS
ROS it ZFig i T ONAIMEH T ROS BHEH LRk, MAEEER C R
NI, 5 APAF-1 5lEFER, HEIFBEFME-TI KA R E A B
-9(caspase-9), HEMI¥IE FiF caspase-3; ROS ML REfH L RiAA M A2 T2 A bax
WO, PUATS be-12 AKPREMK,  bax/be-12 HUAEIEIN, fEEPETHERE; ROS Al {f
2 0 5T S R AR EES ATP RS PE RS, SEMEE, WORMMIE T WS
Ca®' /Mg (RIS VI A% R 9 DI, 7= AR IR RIS, 51E DNA #45, % P53 4
R AR T AL 2 5 ADP & i, 51 ATP KEHAE, B
AR R, I AR T A R A M A T

L5 FR OCT SEASLAE b BUR AR AR RR Hh OC RIGBTIE, AT LAAS H BUR 45
W OFE S BRSPS N b B A7 A2 S8 A 40077, B ne S8 AL g i 2 A
NADPH %Ll A% ] g 2 55 Bt AL RO A= 14, il 2 NADPH &%
@5 BR N B RLEAR ST, ISP B KA AR @ — L B HisE b
RV I 2D AE s B ) Al Bhia T T WD A

HIRCA AP FIRIR T AASS B B ok &, (HR A AL ROEUR AR 2 dn e
TE 55 B e R Ve R RO R s AV 28, HTE 1 2 07 T 3 75 S8 0 — 2D 1

o e OB EUH e A s SZ e 8 I o B, X Ul W R e — Mg ikt
JRIIERE, BMURE AARFZER, AR E N BN —, %85 B
H, SEACRIBOK R R, PTER R E R 75— R . @idid i AL SO 1 RE
LB R o5 25 1) B PR B R P 3R A0, X AR SR A A o B0 R R A v 1) B S
REAZIE A R BT B R, B RSDEORT 1 D 4 Ja Tt 5T s SO R B — AN EE R B
WRELZHANR, HTRITEIRE HE,  DURIG ARG T 55 B (LB IR R4 o
i, FREHE 2B PRI . @ H R TR RO 5 B Ok R R
T A TR AL 55 S R LA, T 0T F B A PR s R R D, I O A TR A
Fr ) =8 A5

4 EEINE LATTEIINAR (antioxidant therapy of atrial fibrillation)

SEAC BB D By B A FRe K BB, LA LB A b5 BIUL SR 2 oy —
MNEERTTR . O ADEERT TR TURAT I T S B, T34
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HIWH SN 2 o AT R — KB ZRAERIZ5W), EnT LA A o2 A R4
MThEe. SRR, RN, LR AR BRAE ™™, TR R B B R
R iR C YA B SRR WU, AL 55 BB VR AR 7T
H1, Cames %5 B UCUESEAEAE 3R C e R LE PR 5 AR R 0 5 WL 48 T S R
HEM, Bk NUA RIS, 1880 Dy R, Hob i A3 C AN
3-HHZE s IR /K T 2R, IF H4EA 5K C FE TP AR AR & I 55 BT
TERIABA AHICRIBE TE, (B R 2 — ST HUAT T, R e AR, HALH W

R W], A H RE TR ia ST R B 5 SR B B 8L R AT
BT BEALIT 22 PO iR SR B8 BT TR SN AR BRI TE BT S8 RIS 5 B 2R 2R
HI 50 A2 8 AOWIE FEUEHE R SCHF . H BB BRI VA 18 i 18 R B B 435 HY DTSR A RLZs
Yre] UAAE 9 B BUA T I RS FH 24 0 (3L T H AT LA 2L A S IR PRI 7T, 48
RIS D B BB R F o2 B Y, R I 5 2 B — 2 O 7 SRl P 5 B 95
IR AL T B B

EI

5 BB EMITE LM (the oxidative stability of Bilirubin)

FHZTZ (Bilirubin, BR) fF4E T AMAIMLIE () F, RN ML & A
b L 2T 2% B 1 A 14 00 20 35 7 s 4 i A o9 23 Py B 240 i T 4t e e g AR 7
Yy, ¥ & N584.65D.L, HroRER kA T MR A RAS, AN kENL
B AR AR E A AR HRTO MR R G4 Rk, HdhfE
FETEEN I KR IX FHIE (BRIX,), H TR NC33HeN,Og, Ja PUt
WEIRLLER, PISAHMIERIUNA TR E, XTSRS E (BVIX,)
SEA R AT O, (EHABIAEE, WRIERR, I, SRR e &8 5 T A
{Em, HRIHE B EMREME, Wik, BHORFRETRE. Bumsd. 5
MHLL =M R IR, — B AN TA RN HNUAE FE, 1004k, IHK E—Hit
i HP IR AT 3R s A AR R G i) — Al B Wi AR b o BEE I R IR R
HRADTST, MHLLERM AR EHR 2] 7 OR, e M T4, gl
AT M AR I FEUE BT R AU EAAE T, BEJS I =4EW, IESLHTA
AR 38 4 A B,

UERAF TR, JHL KA SRBUAAIER, Belsis R B 3k, A2 A
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