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A M), 10 wmol/L. H HCI 15 pH HZE 7.4.
MlI(metablic inhibition) 5 =i (mmol/L): N- H3& -D-
KR, 137; KCl, 5.4; CaCl,, 1.8; MgCl, 1.0;
HEPES, 10; f§ & H°F-, 10 wmol/L, NaCN, 2.0
(S 56 BF 1) 40 A0 98 N NaCN, il e 2R3k
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1, 200 H @ e piitug. =3 F KB Wi H 1~2h,
RIGE T 4CUKARLRAE & H . SR B 7E =0 (20 ~

25C) FHHAT.
1.3 ZHEERAIERS SN
FEA AL ST, ATP U Pl 18

T (lar) IR T 50 AR -40 mV, P
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B K A A pelamp 9.2, Bk o M 8 AE N
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(OriginLab Corperation, USA). 3% 373 FE A% tH B 40
¥ 3 B (BF150-110-107052) J 7 ] 1X (Narishige
Model PB-7, Japan) 7 +5 S il i i, - H AR He BHL 4% 261
£ 2~ 3MQ.
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wo B, BE S N K 18 38 RE 5 P FH
glibenclamide (Glib) L% iiF HL ¥ /2 5 4 Tars  Glib
URIE N 0.5 wmol/L. b. HRITG AL, 7E440
AN, AR NaCN BLDIGhi, WL%E
FHEL, BEEEFIEA, WE NaCN 3R AL
e, e IEH O morphine 41, 7E4 40 i
WA, S8 DA e (A i HE VR 10 min, b
R E 3 wmol/L, Fi I NaCN FEL 5l ifi. ,
MEENG XS I H O WLAN L A 5Em. d. SRifg
JUL4H S Morphine 4. e. naloxone(NAL)+ morphine
21 . f. naltrindole (NTD) + morphine 41 . g. nor-
binaltorphimine (nor-BNI) + morphine 41. UL %41
BAE A A AL SR, FRABOINA NaCN B
S, A IR IR IE AR E S AR INAAH R, ¢
WAk, de a3 N 0.5 wmol/L Glib LA A
L. 41 morphine KL 3 wmol/L, NAL 4
10 wmol/L, NTD 4 5 wmol/L, nor-BNI 4 5 wmol/L.
1.5 SitFae

FA B LIS EL + M fEIR 2R R (x £ 5), B
SPSS11.5 Ze it # A AT Ge vt 240, SRATHCH
K%, P<0.05 NHGHAES.
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Fig. 1 Activation of sarcolemmal adenosine
triphosphate-sensitive potassium current(Ixp)
by mimic ischemia with NaCN

(a) Traces of IK,p elicited by a 100 ms voltage pulse to 0 mV from a
holding potential of 40 mV in control, in the presence of NaCN, and in
the presence of NaCN and 0.5 wmol/L glibenclamide. The Iy elicited
by mimic ischemia with NaCN was sensitive to glibenclamide.
(b) Corresponding time course of Iy activation by mimic ischemia
with NaCN. Current was monitored every 15 s using voltage protocol
described in (a). Current amplitude was plotted against time. Following
the administration of glibenclamide, the time course of Iyy, was down
abruptly. (¢) The time course of Ixyp elicited by mimic ischemia with
NaCN. Iy was down slowly without administration of glibenclamide.
Abbreviations in Figure 1 ~4 are expressed as: C, control; G or Glib,
glibenclamide; NaCNmax, the maximal amplitude of Ix,p; NaCNstable,
the steady state of Igyp; NTD, naltrindole; M, morphine; nor-BNI,
nor-binaltorphimine.

NaCNstable NaCN+
Morphine

Fig. 2 Effect of morphine postconditioning on activation
of adenosine triphosphate-sensitive potassium current
(Ixare) by mimic ischemia with NaCN
(a) Traces of Ixar elicited by mimic ischemia with NaCN in control, in
the presence of 2 mmol/L NaCN, and in the presence of NaCN and
3 wmol/L morphine. The voltage protocol was as described in Figure 1.
Ixar was identified by 0.5 wmol/L glibenclamide. (b) Corresponding time
course of Ixyp activation by mimic ischemia with NaCN. Current was
monitored every 15 s using voltage protocol described in Figure 1.
Current amplitude was plotted against time. (c) Effect of morphine
postconditioning on activation of Ixap by mimic ischemia with NaCN.
The voltage protocol was as described in Figure 1. Current amplitude
was measured at the end of the 100 ms test pulse. Morphine
postconditioning increased the amplitude of mimic ischemia-activated
Ixarp by (61.4 + 13.6)% (*P < 0.01, NaCN + Morphine ys. NaCN alone;

n =6).
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1EH O LA A morphine 2, 7E 41 o c SR A
4 e A NN morphine, ¥ 3 wmol/L,
RIS A A0 10 min, HLAIR WARFT AR I, s
WE XS I 55 UL L T JEAE FH . 18 MR R 56 5 0
A NaCN BUGRIAL, nf WATSMA BRI, £ Glib
(0.5 pmol/L) %5 5& 4 Tyarps 158 B0 LM 0 J5E A7 75 1)
REIEW I Ky HIE, W1 3a Fior(n= 8).
2.4 AEIRER %P MTRA A SR RS D HE e AL EE X ER I
1 ANE B8 Ture B9S2

NAL + morphine 41 7E 40 il il sk B2, A
NaCN BAUFR AL, 7] W Lo LA 28R, £F
Lire B6E 5 IINAR LR 152 44 BH 7 751 naloxone
(10 wmol/L), M%Z 5 min, A WLHLURIGE I, BJS I0
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K ILH RN, )5 A Glib(0.5 wmol/L)#fi ik At id
SEHIUN Tk (n = 6)s Kl 3b s,
2.5 EFMEPEET 8- 5K S Dk S AL EE X BRI
10BN BR Turp BY 20T

NTD + morphine 417540 il id sg 20 F, A
NaCN BAUGRIL, 7] W L LA 28R, £F
L B8 8 J5 0N 3% R 1R §- BT v 52 A4 BH W 71
naltrindole (5 wmol/L), M %¢ 5 min, K WL HL i
T, Bt 0\ morphine(3 wmol/L), 4k 42 M %% %5 /1>
10 min, ARG, $5)5H Glib(0.5 wmol/L)
HOITC IR N Tkar (0 = 6), B 3¢ FIR.
2.6 EEEMEPEET w-B SRS D E S AL 2R X BRI
1A BR Turp BY 220

nor-BNI+Morphine 2l 7& 4> 4l i id AL A,
BN NaCN BRI, o] W, Teare tH 30 IF7 2285 K
1B, 1F Toar B8 G MR BENE k- Bl Fy 52 44 BH W7 551]
nor-binaltorphimine (5 wmol/L), M %¢ 5 min, A UL
HL L I, Bl i 0\ morphine(3 pumol/L), 1] WL Teup
Bl FF . 7E Tae A2 (B S Al E 34 511(86.0 + 10.5)%
M Tear FEARL(715.2 + 74.9) pA BN F|(1 322.2 +
139.3) pA (P<0.01,n = 6), W& 4a,b,c Fin. i
Jii 1 Glib(0.5 wmol/L) i A\ T i sk LK Tiare.
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Fig. 3 Time courses of Ixyp
(a) No Ixap was elicited during the 10 min infusion of Morphine
solution. Morphine alone does not activate Ixap. Kap current was
monitored every 15 s during the test pulse described in Figure 1. Current
amplitude was measured at the end of the 100 ms test pulse. Subsequent
application of 2 mmol/L NaCN activated Igxp that was confirmed by
0.5 wmol/L glibenclamide. (b), (c) Time courses of I elicited by mimic
ischemia with NaCN in control, in the presence of 2 mmol/L NaCN, in
the presence of NaCN and 10 pwmol/L naloxone (a nonselective opioid
receptor antagonist, b) or 5 wmol/L naltrindole (a selective -opioid
receptor antagonist, ¢), and in the presence of NaCN, naloxone (b) or
naltrindole (¢) and 3 pmol/L morphine. The voltage protocol was as
described in Figure 1. Current amplitude was measured at the end of the
100 ms test pulse. In these two groups, morphine postconditioning can
not increase the amplitude of mimic ischemia-activated Ixyp. Ixarp Was

identified by 0.5 pmol/L glibenclamide.
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Fig. 4 Effect of morphine postconditioning on Ix\mp
elicited by mimic ischemia with NaCN after
specific blockade of k-opioid receptor

(a) Traces of Ixrp elicited by mimic ischemia with NaCN in control, in
the presence of 2 mmol/L NaCN, in the presence of NaCN and 5 pmol/L
Nor-binaltorphimine (a selective k-opioid receptor antagonist), and in
the presence of NaCN, Nor-binaltorphimine and 3 pwmol/L morphine.
The voltage protocol was as described in Figure 1. Iyyp was identified by
0.5 pmol/L Glibenclamide. (b) Corresponding time course of Iy
activation by mimic ischemia with NaCN. Current was monitored
every 15 s using voltage protocol described in Figure 1. Current
amplitude was plotted against time. Iy, was identified by 0.5 wmol/L
Glibenclamide. (c) Effect of Morphine postconditioning on activation of
Ixarp by mimic ischemia with NaCN. The voltage protocol was as
described in Figure 1. Current amplitude was measured at the end of
the 100 ms test pulse. Morphine postconditioning after specific
blockade of k-opioid receptor increased the amplitude of mimic
ischemia-activated Iy, by (86.0 + 10.5)% (*P < 0.01, NaCN + nor-BNI
+ Morphine »s. NaCN + nor-BNI or NaCNstable; n = 6).
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Effect of Morphine Postconditioning on Rat Cardiac
Sarcolemmal K, Channels’

TANG Zhen-Shen", NIU Wei-Zhen?, WEI Hua?, LI Tian-Zuo", LIU Ping?, ZHANG Bing-Xi"
("Department of Anesthesiology, Affiliated Beijing Tongren Hospital, Capital Medical University, Beijng 100730, China;
2Department of Physiology, Capital Medical University, Beijng 100069, China)

Abstract The K, channel current (Ixarp) Was monitored using the whole cell configuration of the patch clamp
technique in single ventricular cardiac myocytes enzymatically isolated from rat hearts. Sodium cyanide, a
metabolic inhibitor, was used to mimic cell ischemia. Morphine postconditioning facilitated the further opening of
the K, channels. Following initial activation of Ix,p by mimic ischemia, morphine further increased current
amplitude by (61.4 £13.6)% . K,p channels in normal cardiac myocytes were not affected by extracellular
applications of morphine alone. Nor-binaltorphimine, a specific k-opioid receptor antagonist, was unable to abolish
the facilitation of morphine postconditioning when administered 5 minutes before morphine. However, naloxone, a
non-specific opioid receptor antagonist, and naltrindole, a specific d-opioid receptor antagonist, can abolish the
facilitation of morphine postconditioning. These results indicated that morphine postconditioning facilitate the
further opening of the cardiac sarcolemmal K, channels following the channel activation by mimic ischemia. The
d-opioid receptor may be involved in morphine postconditioning.

Key words patch clamp, cardiac myocytes, mimic ischemia, morphine postconditioning, sarcolemmal K,
channel
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