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ABSTRACT Objective: To investigate the effect of pressure-stress on the expression of Connexin-43(Cx43) protein and myocardial
fibrosis in rat cardiomyocytes. Methods: 20 male SD rats were randomly divided into normal control group (n=10) and model group
(n=10). The control group was fed normally, while the model group was given unpredictable compound stress combined with solitary
rearing to establish the pressure-stress rat model. The changes of body weight of rats in the two groups were monitored, and to investigate
the effect of pressure-stress on the expression of Cx43 protein and myocardial fibrosis in rat cardiomyocytes by histomorphology. Results:
During the 42 days modeling process, the weight of rats in the model group was significantly lower than that in the control group from the
7th day (P<0.001). The weight gain of model group was slow and the percentage of weight gain was significantly lower than that of
control group (P<0.001). Compared with the control group, HE staining showed disordered arrangement of myocardial cells,
disappearance of transverse striations, enlargement of intercellular space, breakage and dissolution of some muscle fibers in the model
group. Masson staining showed myocardial interstitial fibrosis, proliferation and disordered arrangement of collagen fibers.
Immunohistochemical staining of myocardial cells showed that the expression of Cx43 protein in the model group was significantly
decreased (average optical density was 0.0110% 0.0028), compared with the control group (average optical density was 0.0268% 0.0025),
the difference was statistically significant (t=-13.081, P<0.001). Conclusion: Sudden death caused by overwork may be related to
malignant arrhythmia caused by decreased expression of Cx43 protein.
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Fig. 1 Comparison of body weight changes in rats during modeling

Note: Compared with the control group,***P<<0.001.
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Table 1 Comparison of body weight changes in rats during modeling( x+s,g)

Molding time Model group(n=10) Control group(n=10) t P
Baseline 246.2+ 14.0 243.1+ 153 0.826 0412
7th day 253.5% 12.7%** 311.7+ 164 -15.376 <0.001
14th day 264.3% 13.4%%* 339.1% 185 -17.910 <0.001
21th day 278.2+ 13.7%%* 388.4+ 20.3 -20.095 <0.001
28th day 297.1% 14.3%%* 412.3+ 219 -19.662 <0.001
35th day 310.0+ 19.5%** 439.0+ 26.1 -12.509 <0.001
42th day 316.5% 19.6%** 450.6+ 27.3 -12.618 <0.001
Percentage of weight gain(%) 29.67+ 9.83%** 79.00% 6.89 -12.997 <<0.001
Note: Compared with the control group,***P<<0.001.
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Fig. 2 HE staining results of myocardial tissue of rats in two groups (X 200)

Note: A: Control group, B: Model group

Fig. 3 Masson staining results of myocardial tissue of rats in two groups (X 200)

Note: A: Control group, B: Model group
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Fig. 4 The expression of Cx43 protein in myocardial tissue of rats in two groups (X 100)

Note: A: Control group, B: Model group

3 ik

Jof PR — TR AL S BEE IR AL S R R AT
1 H B AT T S N TR A7 B TR AT TR T, R
AT FAS 58 B (R R o — A ., I S X LR 1 52 i)
J2 5 R OIR RIS AR RS [A] B E e AU, R AR A R
U280 T ) - RS RO U S K b, S 3 — RS A 7
KRR A AR, 5 PRI AL TR IR AR 1 A ZR
AL, FEAWRGE o U AR AR S IR MEB A
HIETRRTS, &% Willner P S-0F57 3 118 1 R S8R BE AR
2 R 6 JEARFREE A6 H 2 FAS R0 17 8 1l oK BRUA)
T - LAY AR IR A £ K R A B ot 2 O
%, IR — RIVELEAT R A N, RN TR, B
AR AN AL RON B 4% 5 ks BRIRAR v, 2 1R Xk —
FRCRAS AT A 205 AR A 5 48 SRARHAT , AR T - i
KRR ST R

HE %0, 322 F /R 4 2L A Y 8524 531 , Masson JL {4,
FEHF BRI AR LR 2, W& LR R T - 0ot K
L 8 R B G P A I . ZEARHI G v, BRI K
SRAE 2 3 ] ORI, O LA 23 B0 T A [ 7 BE A LT 2 571
L, WA SR WIAT 42540 J5 b AT 4 4n A At s A
MR ILONLUR A4l SRR, R TT - RS0 LA 2T
PRSI E . BRI R, O VR R AN RIS O
il O = A I PTIY  s  5 OTNY E 52 e A :) 1¢]
(1) ST £F R 20 2 AT 3 2 S S J AR I AE SR J5 2o, ki 5 [ 2= 1k
Bt AN B2 A, )T AT 4 A A AT LA A A AL
PCEF AR AN, S5 30 A B A R 4 N B - AR 1 B R
TR O LA A A FL ARG, e 20 5 O VR AR 0 4 A P,

Cx43 B—FSIRE A, 7 ONANAR) 12 ik Cx43 &
A0 WU IR L AL 2505 5 A 22 B2, AR5 v, 5 10 X
FRLE A L, IO SRS 700 2 PH P e 0 b S5 A1, R 7 - IR 3T
SN Cx43 FEHFIR TR, BT RM, Cx43 HE
RO T AR IR A 2 T 8, HR K09 T Reaiisr
i S 2R 0 B AL G S S8 AR 1K, 40 ) e e 4 % A i
4, B R 1 & A2, FE R B WA E AR (B9

UL Cx43 FRIRFENR, MO TR 1 A R g
I, MG Cx43 Rk e , 28 PO HE R H 1 K AR R 2 AR,
WA AR A, A DR T R E T, SAgEE
PR EEFEMLIL, Rt o®RE RN R
Cx43 AR i HARIAKOT 2 PR, R Cx43 A
FIBMT S B ERE R RAEA K, Wi, AU A
N, ST FEOEIER) R A AT RE S Cxd3 HFRIBAKFH T
R B A1 e S DR B DR A G

i bk, I - W] A R R B LT 4EHES 2L,

[ T Al S5 B b, U O LA Cx43 KIK T4, AT RE

ST - N BORAC R AR DG . B ASRTY, T AT -

NI | EPEAE B0 A A AR BE AR, EL TR - B B

Cx43 "N RIHE T | B WLAN A 25 1830 2 R IA M R DR

W BRI F AT A WA — BT S

% # 3T Wk (References)

[1] Otsui K, Yamamoto J, Inoue N. Overwork accelerates thrombotic
reaction: implications for the pathogenesis of Karoshi [J]. J Thromb
Thrombolysis, 2018, 45(2): 222-224

[2] Yin RX, Huang F, Zhang, et al. Karoshi, a new epidemic in Chinese
medical practitioners[J]. Intensive Care Med, 2018, 44(7): 1187-1188

[3] Yamauchi T, Yoshikawa T, Takamoto M, et al. Overwork-related
disorders in Japan: recent trends and development of a national policy
to promote preventive measures[J]. Ind Health, 2017, 55(3): 293-302

[4] Lin RT, Chien LC, Kawachi I. Nonlinear associations between
working hours and overwork-related cerebrovascular and
cardiovascular diseases (CCVD)[J]. Sci Rep, 2018, 8(1): 9694

[5] Inoue N, Otsui K, Yoshioka T, et al. A Simultaneous Evaluation of
Occupational Stress and Depression in Patients with Lifestyle-related
Diseases[J]. Intern Med, 2016, 55(9): 1071-1075

[6] Cheng Y, Du CL, Hwang JJ, et al. Working hours, sleep duration and
the risk of acute coronary heart disease: a case-control study of
middle-aged men in Taiwan[J]. Int J Cardiol, 2014, 171(3): 419-422

[7] Kang MY, Cho SH, Yoo MS, et al. Long working hours may increase
risk of coronary heart disease [J]. Am J Ind Med, 2014, 57 (11):
1227-1234

[8] Kivimiiki M, Jokela M, Nyberg ST, et al. Long working hours and risk



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.2 JAN.2020

- 241 -

of coronary heart disease and stroke: A systematic review and
meta-analysis of published and unpublished data for 603 838
individuals[J]. Lancet, 2015, 386(10005): 1739-1746

[9] Gafarov VV, Gromova EA, Panov DO, et al. Effect of stress at work
on the risk of cardiovascular diseases among the population of 25-64
years in Russia/Siberia (WHO program "MONICA-psychosocial")[J].
Ter Arkh, 2019, 91(1): 13-18

[10] Guner U. Is there a relationship between working hours and
hypertension? Evidence from the United States[J]. Work, 2019, 62(2):
279-285

[11] Bannai A, Yoshioka E, Saijo Y, et al. The Risk of Developing
Diabetes in Association With Long Working Hours Differs by Shift
Work Schedules[J]. J Epidemiol, 2016, 26(9): 481-487

[12] Willner P. Validity, reliability and utility of the chronic mild stress
model of depression: a 10-year review and evaluation [J].
Psychopharmacology (Berl), 1997, 134(4): 319-329

[13] Katz RJ, Roth KA, Carroll BJ. Acute and chronic stress effects on
open field activity in the rat: implications for a model of depression
[J]. Neurosci Biobehav Rev, 1981, 5(2): 247-251

[14] 5RA P AR FUHE,F BB K0 £ F R B L& L] F
B Ab AP & 9 2 &, 2018, 44(1): 62-64

[15] &5, &5 K E B, 5 2R TR R ST KR ED
EW R mI R e Hra [J]. RHEA X F F I, 2018, 53(8):
1226-1230, 1235

[16] KA, 3% 5%, T F W, 4 R R M g 4 S BE X T IR 57 Sh b 52
AR AR SLI]. P B P B E %A 4 &, 2016, 36(8): 1015-1020

[17] Nguyen MN, Kiriazis H, Gao XM, et al. Cardiac Fibrosis and
Arrhythmogenesis[J]. Compr Physiol, 2017, 7(3): 1009-1049

[18] Morita N, Mandel WJ, Kobayashi Y, et al. Cardiac fibrosis as a
determinant of ventricular tachyarrhythmias[J]. J Arrthythm, 2014, 30
(6): 389-394

[19] Xiao N, Yang BF, Shi JZ, et al. Karoshi May Be a Consequence of
Overwork-Related Malignant Arrthythmia [J]. Med Sci Monit, 2019,

25:357-364

[20] B8 2,3 H AR S UL Sl B kS 4 K F 09 2T B T [J].F
SRR b AR 2 E 2018, 32(2): 166-169

[21] Dzeshka MS, Lip GY, Snezhitskiy V, et al. Cardiac Fibrosis in

With  Atrial and Clinical
Implications[J]. J Am Coll Cardiol, 2015, 66(8): 943-959

[22] 3070 25 Ak, A Y A AR M B oA ik SR AY B e B M A K
5 R ey R [)] b B JEER 2 &, 2015, 30(3): 272-275

[23] Disertori M, Mase M, Ravelli F. Myocardial fibrosis predicts
ventricular tachyarrhythmias[J]. Trends Cardiovasc Med, 2017, 27(5):
363-372

[24] Vo348, 5K 2R, %) & 47,5 .Connexind3 /04 4 % 4 55 0 e 4 R
SRR R[] B R I IR 3 42 &, 2018, 39(21): 116-119

[25] Gonzalez JP, Ramachandran J, Xie LH, et al. Selective Connexin43

Patients Fibrillation: Mechanisms

Inhibition Prevents Isoproterenol-Induced Arrhythmias and Lethality
in Muscular Dystrophy Mice[J]. Sci Rep, 2015, 5(1): 13490

[26] Gao J, Zhao Y, Wang Y, et al. Anti-arrhythmic effect of acupuncture
pretreatment in the rats subjected to simulative global ischemia and
reperfusion-involvement of intracellular Ca** and connexin 43 [J].
BMC Complement Altern Med, 2015, 15(1): 5

[27] k348,525, %) 35 27,5 Connexind3 /564 4 BE 4 55 0 o % 2
SRR R[] B R I I 4 42 &, 2018, 39(21): 2702-2705

(28] %)%, 4bixde.Cx43 &Sk £ 1SR F ¥ ne AF Lt
B [J]E 44,2017, 23(17): 3368-3372

[29] Ng FS, Kalindjian JM, Cooper SA, et al. Enhancement of Gap
Junction Function During Acute Myocardial Infarction Modifies
Healing and Reduces Late Ventricular Arrhythmia Susceptibility [J].
JACC Clin Electrophysiol, 2016, 2(5): 574-582

[30] Chen X, Chen L, Chen Z, et al. Remodelling of myocardial
intercalated disc protein connexin 43 causes increased susceptibility
to malignant arrhythmias in ARVC/D patients [J]. Forensic Sci Int,
2017,275: 14-22



