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Abstract

Objective: To explore electrophysiologic characteristics of action potential and serotonin, growth-associated
protein-43 (GAP-43) of heart location tissue in chronic stress mice. Methods: Twenty rats were randomly
divided into two groups, 10 rats exposed to 21 consecutive days of unpredicted chronic mild stress
as depression models, and 10 rats as normal controls. After intraperitioneal injection of choral
hydrate (0.3 ml/100 mg), heart rats, atrial and ventricular local tissue field action potential dura-
tion (fAPD) were recorded by electrophysiological technology. Imnmunohistochemical stain, quan-
titative analysis of 5-HT and GAP-43 in the local heart tissue of depression group and control
group were achieved by computerized image system. Results: There was significantly difference in
glucose consume, total activity, heart rats between the two groups (p < 0.01, p < 0.05). The atrium
and ventricular local tissue APD in depression model group were lower than that in normal group
(p < 0.05). the positive index(PI) of 5-HT and GAP-43 increased in the local tissue of heart in de-
pression model group, the PI of depression model group was much higher than in control group (p
< 0.01). Conclusions: The increased heart rate, decreased fADP in atrial and ventricular tissue and
increased PI of 5-HT and GAP-43 are the typical electrophysiologic characteristics of chronic de-
pressive mice models made by unpredicted chronic mild stress method, stress depression may
lead to arrhythmia through abnormal sympathetic nerve tension and serotonin change.
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EH: RUHE M RBEER R BARZY 552 8% (5-HT) X0 AR 3 A R A KA E A -43 (GAP-43) K E{EH
ALRIRME . 5k BENLRE20 R KR A Axt IRAMAARAL, XHMARA KRBT EL2 1RSI . B
RABEMEROER., L. LEREBARSERAR E(APD), XL LE OREBATS-HT X GAP-43 55 4
. &R WRAKXREESBUERRKERERR. BEEDIEIIABRTHRE, ZRFEEST
FRU(P<0.01). MHFAXROLERTHRA, ZRFHTZER(P <0.05). HHAKRRLE. LE
AN RALE R TXBAKRR, ZERERTEBRL(P < 0.05). MPARRLEHAN-REKRK
GAP-43i2i & BR THBAKRR, ERFATERI(P <0.01). Fik: BENMEFBHMNHIBEER
METERILKS-ROEKGAP-43RF S EHE, HEHERELE. LESNERANE, BATLE
A —FME, X REMSIEOERRENSZ —.
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1. 3]

fE ], AR 10%H FAET R K 50 M8 PR (CVD)H 5%, BUE CVD J &k B 50T i) 3 22
JEEAI[1]o F 23 At ISR 98 AT AURISAE 22 [) 5 SR IR T EL AT R [2] o 0 0o UVE IR FRIZE T R AR I R
KU, R 2854 B0A SR LN RO L 00 B SE RS R 3 OR 3], SHIGAE A2 — ML B fE 6 PR 3R
[40 VBRI I AE FE0F 2 18] 5% R AT e R FRAR DR, H 38 Z (AR R HIHLAIANTE 2, A DAL
SE AL SR L S — AN IEF AT 5, Herp R R BRI R 0 [5]. AR AT RER DA H S
OIERIRAL, ISR RGRTEGE, OIERREMZK TR, ORI ORBRE TR, KRR
PRSI DIRERAE , B B R G0 3 AL H b B & T TE PR RS, IX S8 B8 [ 1o ML 5008 R o LR I
i WAL R SER B E[6] .
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V25 H NN 5-HT REME JCIEMEA KAL) 2, W NIRRT B3 FIEIME KRG IhRe
SERIEERE[7], 5-HT MHSZARAE O M RG240, JEX0 M HA mERWEN, 5-HT T 75
AL FECO MBI B AT 2 B MARIE 1A 2 N - IAH LI 2% 5-F2 (4% (B5-HT) Th RE R ig [8]

AN 50 48 1 TR0 B % (unpredictable chronic mild stress UCMS) 7Y J& —Fftgle |32 % F () K SRATIAR
B, ROAE DA 23R EE i 70 A B 1) AR 7 sUBERES A RE S B 4% 1F, B AU, T AN SRR A% 0
FEAR, BPPRIERER =, (A N 1 B E AR R A ) F AR R I, Wigahae ) Rt S me R R 4R
FAT AR TR RIUYE e Ik AT R ST N FREE[9]. HIARSE R UCMS 5 AY 2 — > F SR A ST AR
O I A I 2 F) G R K T A

DRI, ASBI FE I8 O I F AR BRI S s S 2 A S 7 T S 18 M A2 PS8 AN AT AL A 7 AT K B Y
(s % DB VE AL 1] . 5-HT. GAP-43 25 i (8 Be 0 AR IS, R84 LB
I ES QY S e i) i

2. MRFAEE
21. S HE

RRAEAg FREIETE: SD K B (HT BB B ALK 22 S I8 sh W o i), 1R 180~250 g, 2~3 Ak 1E6/5 A 1
N 12 h/12 h (JEHRETIR] 7:00~19:00) 464 N 1Al ZE, H S oK, & H S0 LOE R SR N 5 R4
ST E A B i i RSN IR AR CE A IR 1 o R BENLEC T R K R A NI AR AR ZH (LA R AR
ARBZH) A IE & 6 R ZH (DA R i RR AT IR, R4S 10 Ko AR &S 21 Ry T AT TULPERIB, X R
BEATATAT AL EE o SIS BT J St 35 200 37 SR R B K 2 58 — Bt & = e s AR B 25 R I A At v (R 4 5
20080317002), ¥J7ECofd: R H LU0 = AT .

S CHR[L101 079, BB 8 B AN o] LA LA AR A, /INGEAT IR 2 h (B & P fL), 5
SLIEY MR, RUOEWY 40°EEEANEIRL 24 h, REEEFE, 4CUKOKIEK 5 min, V52EM 24 h, BHIEAE] 24 h,
HIE L 24 h (200 ZTHK AN 100 g SEATR A 7E— D), e A RII(60 Hz, 1 h)&5 AR S 1 RITERITR,
HAR B 8:00 45 F—Foll, WFHENL, MY AReTORMRIBI & A, NadRES: 21 K. IEH AT EEZ4H
BEFR HANG TATAT

2.2. BEKRERLE

FIARIE (A% O E 2 PR K, 38 SO BERE M IF /b o RERE D 256K . Muscat Willner %5 A\ Jfrii
R JVE[1L] . SEEGTHT 48 h IR BRI LR RE R A TR (L%) IWRIE . RRIERINE 2 AN ERDKI. 28—
A 24 h IS 1 Yl BEREVETR, BEJS 0 24 h — NS 1%RERE KA — AN e 4tk . ZE W FIK 24 /BT
J&, TRAEHRE 23 T KR 1% RE A VR SR H, CEAE BB R, RV RRIEAEUA 1 /NeE . SR IHCH
FIRREE, DB & (0 ) 1 — NIRRT FE  3-4T T AR, 76 CUMS 2 Hi il 5 A% 25 (55 48) R W i 47 560
UhjEtE 2 l—k B2 8 Ji 5. MRMLLTFARIE: FKEFESAELRKEFESAREL = FKERER
PR ) RURE K (i 52 71 20 LB K2 40 b = BKTEFER/CHK T FER + 47K FER) x 100%)] .

23. BT RETRE

FHAE 5 (open field test) DU BESEEG KRR 1 B R IESIAT . ILSCER BRI o, PS8 &+s, —
PRI AXE S 0 B RES . BRBEAT N AR AR HEAT & B0, ZEROBT R BT K BREAT
51 IKIFFRIGAG M [12] . FIABLHLS TES: 21 d AR HULMERIBE, XMW R REET S 2 ITRHR5R .
FEJRIN A 100 cm x 100 cm [IET T, #5450 R 25 NELTM: FEBEREA, & 50 cm, iXIR7E R
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10:00~12:00 47 . #RKBRE THOHEN, WEARAE 5 min W B ECKTFEa5 0, KU
BENHITTAE, HICAT 10 em, J7 el tHEC 1 93) G B EAL B (TR B2 304558, T TUMS 5 B P i B )
KB BN 135 I T BLIE 34353 2 MUK BRI B EAT NG E BABME U 3 B B e S 1 8= 58
AU E B 8] 4 5 min.

2.4. SKBTTE

1) LIS KRAREIG, SRR KA & BEGHIE 0.3 mI/100 mo) i f BRI . PRI AR 2805 (0 BN [ 2 T
AR, FEIH G E, Langendorff 25 #E i 0 E, & 2 43 79 NaCl140 mmol/L . KCI4 mmol/L.MgCl21
mmol/L. CaCl23 mmol/L. Hepes3.333 g. #i%i¥# 19, H NaOH/HCL ji%3E pH & 7.36, JEEH#HIE 37°C
AR, L 1.5 ml/min 3 EEREROME, HEVL 30 min J5, 8 B 2008k, o BB E R RO . O
KM, FIFHHVLHET Lead-2000 HLABRGIE I 05 O E R A ZBIE AL 72

2) GG, O ERER B E AR R G, AWOIEARA AR, TE A OEKAMPIE 0.5
em® 43, &) E M 4CHIEE. 0.01 mol/L, pH7.4 () PBS #Pise, [ Ml 2K, 1 3%H,0,,
FIR 10 KIS, SR PURAEE KT A B 700~800 w IR T PO MR $E 22 (0.01 M AR £h 22 1 ik
(PH6.0)) 75 88 ok, (25 3% WA TELRE (R FFAE 92°C~98°C 2 [M JFRF4E 10~15 43, HUHZR 2%, HiRAH
10~20 4385, PBS k), B0 RS S AIEE, W 1; 100 B 5-F E ik e —Hi(PB0442, s I+
AR TREAR]), FEREH 4CER. REHMES HRP Axidhifi 196G (%2 W% Ig bifk SV-002, X
LAY TR AR]), 37°CHEE 30 08, ik 3k, fiH DAB RO &(ARL022, X L4E L)
THEAF), B1 ml 2K, mkH&d, A B, CitF& 13, BAEMEV A, =R TNEE N,
Bi TP SN E], KM IR RN . SRR A Gy, ERIR OREE W] WU R AU gL .

25. GRONHE

B NEBIALINEE 3 kI, ONEAE OE O 4E 5-HT ¥ 2453, {E Olympus Y62 B
HIBAS THENLEG i 48, ERTKYI T BEHLEEE 5 MSEF(x200 fi), W05 [F1RF T AR P BH 14 S S T AR
R BAvEsR AL, IR A T ARIE . FIVESRE(PI) = (BAYE S S AR x [F M 988 42 )/ £ T AR 6]

3) WAV SOOI R A B S, O RER S AN AR S, B 5y — HUB e /e O &R
AR, SLAIE-20°C R E T A LEICA-CM3050S 4Kz ) Fr AL AN L S AT I 2L 0k U (JE B2 5 pum),
b8 J5 U0 7 TON—20° C VKA ORAT, EAT e 98 6550 o S0 B IR AN T - 4°C HEE[H 72 10 min; 0.01 mol/L, pH7.4
() PBS ¥ 3 Y3, TR N P Y kit B A T L DK 7], 75 B 30 20, Y5 3 Y, T 5%~10% IE 5 111 3 375 (1:10~1:20
fEMFE, AR0009, s LAEAEY) THREA R))E 5 B BT 37°CHEIRAR 30 4044, whik 3 ¥k, Whn—
Pi, N GAP-43 (BA0878, M LAY THEAR]), K 4CIHER G, il W erric —drli
Pif 19G (BA1039, fyifi -4 LW TREAR]), BEIECE T 37°C, 1HIRAE 30 /08, #hik 34k, #ihr.
B H i o —FRodo P & 45 005 0 B A 0 SRS ROEE ' o A i 7E B0 35 5 £ A (MicroTime 200
BWORSLERR e, B LeiCa (XAA FRAR]) N4, JL¥/r il 488 nm 1 561 nm i K LA
REFEORM TS, FHS PR N 1024 x 1024 pixel, iHHEHURESHE, ik,

Tk O EORIBYI R, 1EAS RS 20 5 HEETh, BENLTIE05 MET, DLP- IR0 ET o i 4
LAY FBR L BAN A  AEBOCHE R B T W% GAP-43 (1434, JEAE 200 f5HLEF FiEH 5
AMAFEE T GAP-43 (% H .

26. GitFLE
R SOR SR A B A TH L, AR, RA Spss16.0 St it ot tuAE tH RN b BEAT Hid ik A
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GETHACTE, TR ORISR A bR 2 2
3. /R

YR BB 5 AR J AT B PR 51 S U89 00 10 .
3.1 FEKRFEEKHRIERILERER )

B AR ROBE KT FE45 UR E EE SR K (i 52 71 20 LUAE SR AT 22 R G122 S, IR AE R VN 3
JEREK T AE 5 1 B EE R OB 7K i 52 7 70 EUARE T s 2L A SI2 6 T W 2 P IR (P <€ 0.01) o

3.2. BEKXRBITHFHEIFILLB(R 2)
B AR BACHE NS0 K3 BRI S ESLIR AT 2 7 B G A B30 AR TR B 3 5 /KT

T T B 845 43 B LE R R ALTE S0 3T 9 L (R(P < 0.01)
3.3, BEARDLERRLERIEAR{EE IR EEFRRI LR 3)
AR RAENBYERI 3 G055 . 22 AL Z\S 1E HL BLINS 1] bl 1E 3 3 2L B RIS, o B I

i ZH (3 P < 0.05).
4. LR FANRBERER 4

BRI YA 5-HT G FAPELF A, Xt AL LA 44T 5%, o 2 (85T, LA 5-HT
RS 2P eI UARGEAT 7 8 o A 1 o, SRR SR O LT AT LR I, T85O 4

Table 1. Comparison of glucose consumption in each group ()

= 1 BEXBHEKEFIEIRHIELE (15)

2053 Rk SEIRHT 1 R Sz 3 s SEIGHT 1K Sz 3 s
T HEAH 10 79. 55+7.61 49.26 +2.42 68.18 +4.18 68.91 + 3.03
ELIEETEE N 10 79.12 + 5.04 11.95 + 3.37* 71.67 +4.23 58.65 + 9.77*

e SxIRAMLE, *P<0.01.

Table 2. Comparison of behavioral indicators of out-of-box trials in each group

2. BREXBRFAHERRITAFIEIRIELER

KFIEEH o I HIEE
£33 B SEEGHT 1R Seay 3 G SEEGHT 1R 286 3 FAJE
of FE 4L 10 30. 75+3.37 28.63 +3.81 16.50  1.60 15.38 +1.99
AL 10 28.57 +5.06 11.43 +2.29* 14,71 +3.04 5.71 +2.36*

i SxHRAME, *P<0.01.

Table 3. Heart rate, atrial and ventricular tissue action potentials in each group

3. BHEKRRLER, L. LEARDER MBI

ZH 5 R AL L (IR /min) L2 55 B[] (ms) L2 I E] (ms)
Sof R 2H 10 98.68 + 29.44 168.61 + 56.31 144.66 + 51.59
FARZH 10 106.78 + 57.75* 106.66 + 11.23* 88.83 £ 9.10*

i SxHRAME, *P <0.05.
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S, CVIHME PR . BHPERR LA PR SN (P < 0.01) 4N & 2 .
3.5. KE/DALZEME GAP-43 XfEEE

HAH KDL GAP-43 7£ LSCM ', U UL4HNA] GAP-43 184 (14.10 + 2.73), 15 IE# %40 (6.30 + 1.89),
HREZER(t=7.437,P<0.01), HIEAZAFM, UBHHER R U4 GAP-43 #9423 s 3. & 4.

Table 4. 5-HT immunohistochemical staining of myocardial fibers in each group
4 BHRBOHLTLE 5-HT GRAENEEER

215 kA ERE N [ EREFSANATIE A [CEREE RS
papicHiE 10 13.37+3.12 11013.14+3215.32 0.735+0.275
EilIEEIE 10 41.12+4.78* 47200.38+7732.57* 0.968+0.239*

VE: ExPE4iMLE, *P<0.01.

Figure 1. Control group of rat myocardium 5-HT-positive

nerve fibers (x200)
Bl 1. WRBAKXFOA 5-HT EFRM RS TS
(x200)

.. )

Figure 2. Neurogen fibers (x200) positive for 5-HT
staining in the myocardium of the depression group

B 2. #IERARROAL 5-HT LaBAMAIMELTH
(x200)
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Figure 3. Normal group GAP-43
[ 3. IEE%H GAP-43

Figure 4. Depression group GAP-43
[ 4. EBLH GAP-43

4. WHig

ARS8 57 P AT ] P A1 2 0 T S R, 5 A SEHIVAIORE b L R ST 10 S S B
BN  HIHBEN R PR (L) B BT [13] o 122 TR0 SR 0 9 R S 30 2 37 24 o 28 1 ) (1 SR8k
PR PE B RE . AR A BE IS SO PR 5 5 R (0 T P RS B R R, 3 S I P A% R (B gk
B ) AR AL, DL AR AR P05 B A3 o FE AR 92 Ak B R ) A S B 92 - 15 SE VR [ 121
AT 5 3R PG PR LR S8 ) 7 v S A B AR, MK e SRR LL . WK AR 92 B 40 L R RS 2
WORALRE, AKCOVIE SRS E SR, T LSS R B AR B R B I A R . A SR T A
WK RE S R b BRI T 40 by KT 345 40 T B 30 75 43 SL R R % F 3 4L B S PRI, 4
LAV RS £, IR S PRI R I FE A R 9 [14]
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OV A A 22 b R R AT A AR TR, 7 T UM A o A I 6 41 4 M Co Je S8 45 Bt B 0o L
4 o oL VA RV 9 AR 4 A ST o8¢0 | e 2o ST Lk 2 Yl @ L 2 T3 O (VA Y /2 4¢10) < O Y 1
AT AT 2 S T X 35 22 7 0 L 0 P s 5 L ([ 15] o O I 52 K B 3 SR A 28 R I S SR A 8 A A 22 1) 32
e, HMERESZ 3 A AR, AR A 2 1 S TG A R AR B, X AT RE S BU S BE 1A FR
SE RIS A (1) O 2 [16]

HRHX B CE0 1% 1) 40 22 30 % A IR v I PR Mk IX R it RIS 3, SEBBIK) 5-F% Gl 2t B A £ 4k 105 26 1,
TELEREH 4% 5-F2 Bl RE A & o ) R i 1T PR . O ESE T RE[17]. S-FR ikl 5-FR (kg 2B 24k, Y
OESEHAINRE . ML2E T 5-HT ACPITH Rl X As 055 1) 5-HT4 524k, 5l st oshidid, fm2 s 5-HT
PR AT R s MOV R, H A 18]

FATHIRFE TR BANER K RAE R B O A AL VRGO F IEH IR, X n A2 218 1
FERR R T BRI A FR . ASBAPE TR S R, AR - AN BREIR T . SRR RIS
X RRPRE BN NGO ME, A0 I 2 AR 22 i AN, 2 O IR SR THI R A8 I 2 0 B /e 45 AP AT, 5
AR AT AN, BOR T O AR 5, SERAIRE, RIWHCE. O RMHLASNE B
()R I X B, Bl R F AL AR X 5 e 420 3 ) S5 o e g oo 2, ) 350 P o 1 2 i B S 388
et AR H[19].

T4, AAKMIKE A 43 (GAP-A)PAMA LK, RWEMEME CAKKBEND, SMEKE.
KA LS R A T RE O 4 RF 557 T AL AR, IS 5 FURBUG T, Bl N ME TR E
BAR—MAERER T, ZMETAEKMIRC[20].

AR AR 2 RGE S-R AL ThREIR F[21], IR EME RSk I RAEMA, S gsk s
A FERAS AR S, BRI R, N 5 Ul R Al R 25 L, GAP43 EE G,
IEUNAS SCEE RT3 K B, 5-F2 (il i i b GAPA3 & B /e O IE IBCR AN A 1 in, R 24K,
R FEIIN, AR AEPRA R, XATRe R — DR AN B IERNE R, 2 NI S A R 0
HEFEH

FRERBIR T O s A B, SE AR, RIS O R A BN AL (AT
IEFXT A, (RO RE[22].

KA, A I B AR P O R 2 P A KL S-R UM A T 2, O 7O B AR 3
PE, fRHE TOORERE, XA REREINAL S B R E N2 — . ARSC B R A RO OO AR R %
HUHIEEAT TR IR, (B FE R SEOO AT 5-F8 (i 4 e RCE A5 (0 7 SR A 2 R 400
FEIGHR . 5-HT MY/ 4 o AE Hoh i 2 K AE G 75 E— D4R LA

HE&mHE
2015 EiE T I AL R AR B B L R ITE, %5 : 2015B026.
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