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Role of stress in myocardial protection of
ischemic preconditioning

XU Huashan"?, CHEN Shengxiz, LUO Wanjunz, JIANG Haihe®

(1. Department of Cardiovascular Surgery, the First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052;
2. Department of Cardiothoracic Surgery, Xiangya Hospital, Central South University, Changsha 410008, China)

ABSTRACT Objective: To determine the role of stress in myocardial protection of ischemic preconditioning (IPC).
Methods: Thirty rabbits were randomly divided into an IPC group, an etomidate (Etom) group, an
ischemic/reperfusion (IR) group, a methylprednisolone (MP) group and a sham group. The ratio
of infarction size versus risk area (infarct/risk) was calculated. The elevations of the serum creatine
kinase (CK) activity and cardiac troponin I (cTnl) concentrations as well as the serum cortisol
concentrations were measured.

Results: The percentages of infarct/risk in the IPC group, the MP group, the IR group, and the Etom
group were (5.8612.81)%, (11.28+3.62)%, (26.79+4.53)%, and (18.19+3.72)%, respectively. The
elevations of the serum CK activity in the IPC group, the MP group, the IR group, and the Etom group
were (255+89), (314+160), (855+371), and (768+404) U/L, respectively. The elevations of serum
cInl concentrations in the IPC group, the MP group, the IR group, and the Etom group were (3.6+0.6),
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(6.1£2.2), (8.1%£3.6), and (6.4%1.6) ug/L, respectively. Those indicators among the groups were
significantly different (P<0.0S). Cortisol reaction was markedly diminished in the Etom group.

Conclusion: A blunted cortisol reaction can markedly reduce the benefit of IPC while

methylprednisolone shows cardioprotective effects, suggesting that stress might be involved in the

myocardial protection of IPC.
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Figure 1 Myocardial histopathology differences 180 min after the reperfusion through optical microscope (HE, x 400). A: Sham group; B: IPC
group; C: MP group; D: IR group; E: Etom group. A, B, C show a uniformed cytoplasm, where D, E show a pumped cell and dissolved myofibril.
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Figure 2 TI'C dying: non-ischemic area is dark blue, ischemic area is brown red, infarction area is white. A: MP group; B: IPC group;

C: Etom group; D: IR group.
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Figure 3 Dynamic changes of serum cortisol concentrations.
IPC and IR groups show an instantly reaction through the ischemic
and reperfusion process of anterior descending branch of coronary

artery, where Etom group shows a blunted reaction.

317 it

IO 32 B W 3 A R 8 AR R S R
IO, A AILAAS B 3 A Ao 28 (AR K S v S o B 2l B3 A
F A Tk Bl 4y 0k R S SR B ST . &
B B2 S5/ DN BRI D B S /N B R X L
PRAAF B M, 3l D738 S IO A 4 i K P A
FEFAIL AT 9% 2 H TR 00 A S, P B e 75
& ST RO R - 4R L PR R 4 B BB AR T R T
73—

R I RO LGRS R SRR B B
PUAESEY SR AL Ay 20 B 31 O 3 I 1
gy, (ER A B TOE L 00 SR 5 2l B I B AR G A Bl
JOL PR AP o B A B A B R B ) o 2 LY ket
T L A0 LR R AR B 7 AL 200 i P9 Y

T A7 PR 4 38 B A 34 2 A R S P 1 N R R
PR VR FAE 40 MU /K 7 19 B i 7 AR BFSEIESE , flife
T B ST IS N (I IS ) RO BIL e L S 7 P S
P46 b BH B AIG R N U N A T R A
A FE ZEAE T, M AR AR 0 28 i it A N O ILAR
PP T RE S 7 S I A A K T B S il i SR
AN S X O LA AT 100 385 07 e ot Ak BB, T R SR HCHE A
PUREEN IR N N 7 N vy ERX T T B @ A VR
TN, 25 580 WU S i i i 32, 2 A e ml DAY —
ERRPE? Glanemann % HIE 52 B 5 45 %
CIRPRS NI %7 3 | WESE X Ak (3 N - VA A G ra VR
JHF T g i R R B4 5 LT R B T e R R B
PR N AT SEdE b , RAE LR AR bR 2
W) Z FR B MK DK i B8 1T 306 L BT B2 R S R, A
B Ak 0 8 07, 3 v 28 3 2 B0 0 FH AR FE K i
Je ML B SR R B A 1P C A i I 55, (47 v T A L
EHKFE, H5Dmello " FlJung %" B 52 &
BlAR T N I8 R W 5 AT TP C AL BR & BC ILAR 37 45 101 45
bR B TFE (P<0.05), [AIES, HRESR AGAS 410 L
PR Y 25 TR AR R B (P<0.0S), $7s Bl IffL i
o PR AP A A% 52 B AT g 55 07 A 35 B R N B A3 B
iR 2 54 0C B LR R B X e R AR
EH, Glanemann’%‘%mﬁﬁﬁiiﬁiw%g_'%ﬂg)fﬁﬁi
X EREA PR AP AR T, A R 2 3k 3 e il 79 )3
AR, JFIA X FIAE FH AT e 5 R B3R i AR
AE L HI 55 A R 2R B AN A T R AT OC .

KRBEEN M RN EFWER, EESEL
LUK B A RS S R 45 . 1) LUIROBE & o
Hirrae sl iR, wfsmsd . Bisht . &
o SR 3N 0 s 2) Bk, FRIRRMERID; 3)
WE R BRI SR VAE R, B B %) FF e AT LA A Bl
O 38RO 7 A ) A2 R LA i I B AT R

B 0T BEAE A LK R E IR B 0%, A
WA R, IO R R BT R A 3 B A i P
B R BEAZ AR (GR) S5 A, e B -GRE & W) Fl Al 5



808 R R 2R (R2ERR ),2013,38(8)  http://www.csumed.org; http://xbyx.xysm.net

R4 A, 8 1 40 i P9 22 Fh 9 PR LR 7 A 2 9 A iR
FUREHL , A 20 B 7= A o o 1 s 7, BT 38 5 o G
IR N i i S A 1 L B B3 0 R 2 g
PR G X A 1 -3 1 U C (PKC) -AT PRI
ALY R S S LA PR A RS
JEE I ) G B Z AR 45 & Ja Bos B e g C . Ho= ik
— PTG PKC, T BRI TGE N A 5 S P PRCI K
T 2 200 M [ A R A T B R R, i — Bl AR
7R 5S40 388 3 A LA B A R
PKC Y HX AL AF A 2 I0FE &t 2 5 41 i 08 1~ 38 % 119
P . PRCIEPRY E I B0, B2 RO LR 3
YEHI AT BELR TPRCIE M TR, X FlE B8 vl 3% JinPKC
SIS G (AL 2, BEPRCAYILTE KK
B Ak o DAPKC A AZ L 1) T 1o A7 3 AL i 27 i S
AR PHLE A —Fp AT REPE ,  T0E B AL AT
REJE1F Z T 2 5 1) £ 2k A2 38 8L e K 1Y) I 4%
ARG, B ERE S A0 P R B Y B R Rt
— W5

S % ik

1. Bloomfield R, Noble DW. Etomidate, pharmacological adrenalectomy
and the critically ill: a matter of vital importance[J]. Crit Care, 2006,
10(4): 161.

2. Payen JF, Dupuis C, Trouve-Buisson T, et al. Corticosteroid after
etomidate in critically ill patients: a randomized controlled trial[ J]. Crit
Care Med, 2012, 40(1): 29-35.

3. Goligorsky MS. The concept of cellular "fight-or-flight" reaction to
stress[ J]. Am J Physiol Renal Physiol, 2001, 280(4): FS51-561.

4. Pareja M, Sanchez O, Lorita J, et al. Activated epidermal growth factor
receptor (ErbB1) protects the heart against stress-induced injury in mice[ J].
Am ] Physiol Regul Integr Comp Physiol, 2003, 285(2): R455-462.

5. Enthoven L, de Kloet ER, Oitzl MS. Effects of maternal deprivation of
CD1 mice on performance in the water maze and swim stress[ J]. Behav
Brain Res, 2008, 187(1): 195-199.

6. Glanemann M, Strenziok R, Kuntze R, et al. Ischemic preconditioning
and methylprednisolone both equally reduce hepatic ischemia/
reperfusion injury[ J]. Surgery, 2004, 135(2): 203-214.

7. Hausenloy DJ. Cardioprotection techniques: preconditioning,
postconditioning and remote conditioning (basic science)[J]. Curr
Pharm Des, 2013, 19(25): 4544-4563.

8. Wang M, Shen J, Feng B, et al. Remote ischemic preconditioning
promotes early liver cell proliferation in a rat model of small-for-size
liver transplantation[ J]. ] Surg Res, 2013, 179(1): €245-253.

9.  Dmello D. Supplemental corticosteroids after intubation using
etomidate in severe sepsis and septic shock[ J]. Crit Care Med, 2012,
40(6): 2003-2004.

10. Jung B, Clavieras N, Nougaret S, et al. Effects of etomidate on
complications related to intubation and on mortality in septic shock

patients treated with hydrocortisone: a propensity score analysis[]J].

Crit Care, 2012, 16(6): R224.

11. Wong DL, Tai TC, Wong-Faull DC, et al. Stress and adrenergic
function: HIFlalpha, a potential regulatory switch[J]. Cell Mol
Neurobiol, 2010, 30(8): 1451-1457.

12.  Vargas VE, Kaushal KM, Monau TR, et al. Extracellular signal-regulated
kinases (ERK1/2) signaling pathway plays a role in cortisol secretion
in the long-term hypoxic ovine fetal adrenal near term[J]. Am J Physiol
Regul Integr Comp Physiol, 2013, 304(8): R636-643.

13.  Philip AM, Daniel Kim S, Vijayan MM. Cortisol modulates the
expression of cytokines and suppressors of cytokine signaling (SOCS)
in rainbow trout hepatocytes[ J]. Dev Comp Immunol, 2012, 38(2):
360-367.

14. Romero DG, Welsh BL, Gomez-Sanchez EP, et al. Angiotensin
II-mediated protein kinase D activation stimulates aldosterone
and cortisol secretion in H29SR human adrenocortical cells[J].
Endocrinology, 2006, 147(12): 6046-60S5.

15.  Henning R]J, Li Y. Cocaine produces cardiac hypertrophy by protein
kinase C dependent mechanisms[J]. J Cardiovasc Pharmacol Ther,
2003, 8(2): 149-160.

16. Manning JR, Carpenter G, Porter DR, et al. Fibroblast growth factor-
2-induced cardioprotection against myocardial infarction occurs via
the interplay between nitric oxide, protein kinase signaling, and ATP-
sensitive potassium channels( J]. Growth Factors, 2012, 30(2): 124-139.

17.  Makary S, Voigt N, Maguy A, et al. Differential protein kinase C isoform
regulation and increased constitutive activity of acetylcholine-regulated
potassium channels in atrial remodeling[ J]. Circ Res, 2011, 109(9): 1031-
1043.

18. Chai Y, Zhang DM, Lin YF. Activation of cGMP-dependent protein
kinase stimulates cardiac ATP-sensitive potassium channels via a ROS/
calmodulin/CaMKII signaling cascade[J]. PLoS One, 2011, 6(3):
el8191.

19. Dindia L, Faught LE, Leonenko Z, et al. Rapid cortisol signaling in
response to acute stress involves changes in plasma membrane order in
rainbow trout liver[ J]. Am J Physiol Endocrinol Metab, 2013, 304(11):
E1157-1166.

20. Billing AM, Fack F, Turner JD, et al. Cortisol is a potent modulator of
lipopolysaccharide-induced interferon signaling in macrophages[J].

Innate Immun, 2011, 17(3): 302-320.

(A% BT

ARSI R, BRIEE, BR , . SHoeh C ULER
TOE R VE R RIRE I [J]. R RS2l < BR2ARI, 2013, 38(8):
804-808. DOI:10.3969/j.issn.1672-7347.2013.08.008

Cite this article as: XU Huashan, CHEN Shengxi, LUO Wanjun,
JIANG Haihe. Role of stress in myocardial protection of ischemic
preconditioning[ J]. Journal of Central South University. Medical Science,
2013, 38(8): 804-808. DOI:10.3969/j.issn.1672-7347.2013.08.008





