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Abstract

Backgrounds: The present investigation tested the hypothesis that cGMP-dependent protein kinase (PKG) activates ATP-
sensitive K+ (KATP) channels and thus could be associated with the cardioprotective response of ischemic
preconditioning.

Methods: PKGrinduced KATP channel activation and its cardioprotective effects were studied in rabbit ventricular
myocytes using patch-clamp techniques and in heart slice model for simulated ischemia and preconditioning.
Results: NO donors and PKG activators facilitated KATP channel activity in a concentration-dependent manner, and
their effects were suppresed by PKG inhibitors. Exogenous PKG increased KATP channel activity by a phosphorylation
dependent mechanism. Heart slices preconditioned with a single 5-min anoxia followed by 15-min reoxygenation were
protected against subsequent 30-min anoxia and 60-min reoxygenation. The beneficial effects of anoxia were almost
completely prevented by glibenclamide and PKG inhibitor. Pretreatment with NO donor or PKG activator mimicked
anoxic preconditioning. In heart slices pretreated with NO donor or PKG activator, the cardioprotection was blocked
by the concomitant presence of glibenclamide or PKG inhibitor.

Conclusion: Taken together with the above results showing that the KATP channel acts downstream of the PKG-
pathway in the mediating the protective effect, these data indicate that this mechanism, at least in part, contributes
to a signaling pathway that induces ischemic preconditioning.
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Fig.1 The effect of SNP on the KATP channel activity in
rabbit ventricular myocytes. SNP (1 mM), Pinacidil (50 ¢ M),
ATP (1 mM), and glibenclamide (30 M) were added to the
bath solution for the periods indicated by the bars. A. The
effect of SNP on the activation of KATP channels in the
absence of pinacidil in cell-attached patches. B. Reversible
activating effect of SNP on the pinacidilinduced KATP
channel activity in cell-attached patches. The pipette potential
was held at -40 mV in the cell-attached patch experiments. C.
The effect of SNP on the KATP channel activity in inside-out
patches held at -40 mV. D. The effect of SNP on the KATP
channel activity in outside-out patches held at -40 mV. Data
were sampled at 20 kHz and filtered at 1 kHz Dashed line
indicates the zero current level.
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Fig. 2 The effect of a selective inhibitor of PKG on the SNP-
induced KATP channel activity. A. Current recording from
cell-attached patches held at -40 mV. The solution exchange
protocol for pinacidil, SNP, and RppCPT-cGMP is shown
above current trace. Data were sampled at 20 kHz and filtered
at 1 kHz. Dashed line indicates the zero current level, channel
activities of the records at the times marked by “#" are
shown in B. B. Histogram showing the pooled data (mean +
S.E.) for PO for the following conditions: 50 M pinacidil
alone (a), 50 #M pinacidil + 1 mM SNP in the bath solution
(b), additional application of 100 #M Rp-pCPT-cGMP (c),
and washout of 100 M Rp-pCPT-cGMP (d). * Significant (P
< 0.05) difference from control (before application of Rp-
pCPT-cGMP) value.
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Fig. 3 The effect of a potent activator of PKG on pinacidil-
induced single channel activity. The pipette potential was held
at 40 mV in cell-attached patches. A. Representative record
of the effect of 100 M 8-pCPT-cGMP followed by 30 M
glibenclamide on the pinacidil-induced single-channel activity.
Glibenclamide applied extracellularly caused a marked
inhibition of pinacidilinduced single-channel activity. Data
were sampled at 20 kHz and filtered at 1 kHz. Dashed line
indicates the zero current level. channel activities of the
records at the times marked by “#” are shown in B. B.
Histogram showing the pooled data (mean + S.E.) for PO for
the following conditions: pinacidil alone (a), pinacidil + 8-
pCPT-cGMP (b), and subsequent application of glibenclamide
(c). *P < 0.05 relative to pinacidil alone group.

6 patches| A 8-pCPT- cGMPE #7130 24 3 +F Po 7}
213 £ 0.12 8} Z7}8FITHP < 0.05, n = 6). pinacidil®l]

= 150 =



cGMP/PKG &J&A4 A&

)3 T o] &R 4L 30 uM glibenclamide S 7}
gto 2 A HYHPo = 0007 + 0.005). °] A=
Fig. 3Boll £9F=o] Utk

3. A A3 inside-out patchesol|A] PKG2] &4lo] KATP ©]
2529 A= &%
KATP o] &5 29| &43}q] cGMP/PKG 2]&4 714

o] #tedxo] U=AE H7hst7] Hste] HA| & inside-out
patchesoll Al ¢cGMP, PKG, 28] ATPY tfst 22
AHg-ate] Alg et

A 7|8 insideout patchesol] 4] KATP o] &2 o &4
o] Z7lElE= AL ATPS cGMP7F 87 e AEfellA
PKGE A48 w3t #2=Jck(Fig 4A). parche] &
AZ , ATP (100 M) 9} GMP (100 xM)E AR
KATP o] 2529 MiE At ATP 9 cGMP7}
A& ZAsPA PKGE & F7W} o] 2520 84S
SN ZTh

o)2) &t AFF o) th3k Kd g+ 008 + 0.02 U/ uL A
HFig. 4B). Rp-8-Br-PET-cGMPSS PKGinduced KATP
olgE 29 4L vxd " FVHMHY (Fig. 40).
olg] 3k oA g ol thet Kd 2 0.09 £ 002 «M Ak
(Fig. 4D). FigdEold ATPE ATPySZ X 3s}ich
KATP o] 2% 2% ATPyS (100 zM) 2} cGMP (100 #
Mol ola] Ao PO £ 0317914 006328 7
23} tHFig 4E).
B

ol
a

= g
3 ¢
5 :
220D ceue
= B QORI 03 p
PRG o adl
C D
011 106N RpS-Lr-PLT-CGMPS g 0] eeny
1,001 L0l s
AP ID0 LM - cUGMP 10 e M - PRGBS wnl = ps °
RreRpl PI-cAMPS 10 1M e ;.
= 4 A ipa % 00 Bea
B e SN,
- EUR D+ RTINS | I L

| min

R $-Be-PET-0GMPS (e M)

Ag7)|dd g AFR5E}

E

l

PKG 0.5 wpld
ATPyS 100 M + cGMP 100 oM
Rp-8-pCPT-cAMPS 10 uM

“2; A

Time (min)

D

]

Fig. 4 Effects of exogenous PKG on KATP channel activity
in inside-out patches. ATP and ¢cGMP are cofactors required
for PKG activity. A, continuous current traces from
representative  experiments showing the effect of the
sequential addition of PKG to the cytoplasmic surface of an
inside-out. C, the effect of the PKG inhibitor Rp-8-Br-PET-
¢GMP on PKG activation-induced KATP channel activity,
demonstrating the specificity of PKG in stimulating the KATP
channel activity. D, the relationship between Rp-8Br-PET-
c¢cGMP concentration and relative channel activity from a
series of experiments similar to that shown in C. E, the effect
of replacing ATP with ATP 7S on the channel activity in
inside-out patches.
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Fig. 5 Effects of exogenous PP2A on the KATP channel
activity stimulated by PKG. A, current recording from an
inside-out patch held at -40 mV. B, change of channel activity
in response to PP2A in inside-out patches. C, effect of
exogenous PP2A on the KATP channel activity stimulated by
PKG activation in the presence of OA. D, the changes in
channel activity in response to PP2A in the presence of OA.
Similar results were observed in the presence of Rp-8-pCPT-
cAMPS (E).
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Fig. 6 Lactate dehydrogenase (LDH) release of rabbit heart
slices 60 min after a 30-min anoxic insult. Heart slices exposed
to the preconditioning by anoxia (series 3), NO donor (series
8), and PKG activator (series 11) released significantly less
LDH compared with nonpreconditioned heart slices (series 2)
where they were exposed to the 3(0-min anoxia only.
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