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The Role of the Adenosine Receptor Subtypes and Protein Kinase C in Ischemic
Preconditioning in the in Vivo Cat Heart

Young Jo Kim, M.D., Dong Gu Shin, M.D., Jong Seon Park, M.D.,
Kyo Won Choi, M.D., Bong Sub Shim, M.D.

Department of Internal Medicine, College of Medicine, Yeungnam University, Taegu, Korea

Background : It is well known that ischemic preconditioning protects the heart against
infarction or arrhythmias from a subsequent ischemic injury. Recent laboratory data indicate
that the adenosine during the ischemic period may trigger protection via Al or A3 adenosine
receptor and also protein kinase C(PKC) plays a central role. This study was designed to
determine the role of adenosine receptor subtypes and PKC in the preconditioning protection.

Methods : All cat heart groups were subjected to 40min ischemia and 30min reperfusion.
The preconditioning protocol consists of Smin ischemia and then 10min of reperfusion 4 times.
The effects of ischemic preconditioning, nonselective adenosine receptor blocker(SPT), an Al
specific antagonist(DPCPX) and protein kinase C inhibitor(Polymyxin B), on ischemic
preconditioning were determined by infarction size. There were 5 groups : (1) control group
(Group 1, n=10)(2) Ischemic preconditioned group(Group 2, n=9)(3) DPCPX pretreatment
group(Group 3, n=6)(4) SPT preteatment group(Group 3, n=6)(5) Polymyxin B pretreatment
group(Group 5, n=6). SPT and DPCPX were given intravenously 5 min before ischemic
preconditioning. Polymyxin B was administered to cats for 30min during ischemic
preconditioning period.

Results : Ischemic preconditioning only or pretreatment with DPCPX prior to
preconditioning demonstrated a significant reduction in infarct size(22.6+1.5, 25.4+0.9%
infarction of the risk zone, respectively, p < 0.05) with respect to control, SPT-pretreatment,
and polymyxin B-pretreatment groups(44.0+1.7, 43.0+2.0 and 40.3+0.4% infarction of the
risk zone, respectively).

Conclusions : Ischemic preconditioning protects heart from subsequent ischemia. Protection
was blocked by SPT and protein kinase C inhibitor(polymyxin B), but not by Al antagonist
DPCPX. The cardioprotective effects by ischemic preconditioning in the in vivo cat heart
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appear to be dependent on A3 adenosine receptors and activation of protein kinase C.

KEY WORDS : Ischemic preconditioning - Adenosine receptors - Protein kinase C - Myocardial

protection.
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& 744 = noradrenalinec] o 583 9&-& 3=
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Adenosine nonselective antagonist® 8-p-sul-
fophenyl theophylline(SPT). Al receptor antago-
nist® 8-cyclopentyl-1.3-dipropylxanthine(DPCPX)
(©}4 Research Biomedicals Inc, Natick, Mass.) &
218319t Protein Kinase C inhibitor?! Polymy-
xin B, 429859 2 AAR9E 2H5] A |4
ko 2 Triphenyl tetrazolium chloride(TTC), Ni-
troblue tetrazolium(NBT)(¢]’¢ Sigma Chemical Co.
St. Louis, USA)& AH8-8Hd ).
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Table 1. The change of hemodynamic profiles in each experimental groups

Heart rate(bpm) LVSP(mmHg) Max dP/dT(mmHg/sec) Min dP/dT(mmHg/sec)

B (0] R B (0] R B (0] R B 0] R
Group 1219+13 184+11 156+10 191+£10 144+ 7 93+ 7 1240+ 70 800+ 50 480+ 60 13004100 750+ 50 380+ 40
Group 2 226+11 193+ 8 174+ 5 180411 1274 3 122+ 6* 1220+ 70 820+ 40 720+ 60* 1180+100 720+ 50 590+ 60"
Group 3 209+11 18210 164+ 8 222+16 18422 152+24 14104130 980+ 90 770+ 90* 1560170 1300+150 610+ 80"
Group 4218+ 8 198+10 160+ 9 210+12 14919 126419 1440+110 880100 630+110 14104150 930+ 20 510+100
Group 5181+34 180+ 7 171+ 7 196+14 140+ 8 140+ 8 1280+110 810+ 60 580+ 60 1270140 920+ 80 490+ 60

Group 1 : control, Group 2 : ischemic preconditioning only, Group 3 : DPCPX pretreated, Group 4 : SPT pretreated,
Group 5 : polymyxin B pretreated, B : basal, O : occlusion, R ; reperfusion, LVSP ; left ventricular systolic pressure.

Group

Group1 [ i 30 min
(n=10)
ischemic preconditioning

Group2 5 0 55 10 [5] 10 F3] 10 30 min

(n=9) . - . .

Group3-5 10 s 10 5 10 f:31 10 30 min

! = 1
Group3(n=6) : DPCPX D occlusion
Group4(n=6) : SPT Group5(n=6) : Polymyxin B
EI reperfusion
Fig. 1. Schematic diagram of the experimental protocol.
HUldP/dTe 714, #Ed FAFe et f9 0
g zole gidey AB/FIoE R 480+ > a0 lz‘Coer‘l
N : B IPC only
60mmHg/sec Brt ¥ M2A+ 2 DPCPX A ® 10 & DPCPX pretreated
AolA zHzh 720+60mmHg/sec. 770+90mmHg/ g ™ SPT pretreated
x 20— HEEr oy O Polymixin B pretreated

secE TR felshd A vebrdes (P <0.05), £
FAA HARAP/AT 94 ARFIAT 2o 380+ | F
40mmHg/sec X} 8|84 A2AE 2 DPCPX A4 Croups

TollA 22 590-+60mmHg/sec, 610+80mmHg/sec® Fig. 2. The difference of risk area size between groups.

zZRT S8 74 VBT P <0.01. P < There was no significant difference between groups.
0.05)(Table 1). zHaol 1gR-9lo] gk AAF9e] Arle dRT 4.
0+1.7%, 3184 H2AT 22.6+1.5%. DPCPX # |
A 25.4+0.9%, SPT AA AT 43.0+2.0%, 181
Polymyxin B HA 2 40.3+0.4%2 3184 Hx3
7 % DPCPX HAR L tizrol vlg] 23 24
Ao 7Z+ag BP ot SPT AA A 2 Polymyxin

2. AEx|Y U AMx|oel 37

Zhe] F4 A dig Ex e 2] 27} 37.3+
0.7%, 38.60.9%, 40.3+1.3%. 39.7+2.5%, 41.6+
2.4% % 7Vl #93 Aol iUtHFig. 2). 34

- 1041 -



Control

IPC only

DPCPX pretreated
SPT pretreated
Polymixin B pretreated

08 08B

% Infarction of the Risk Zone

Groups

Fig. 3. The difference of infarct size between groups.
*p < 0.05 vs. group control, SPT, Polymixin B

B AAA oM dzad $AH o2 g A7
o] zlo]E Holx| FtTH(Fig. 3).
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5948 HYoer] He4 A2 adenosine &4 agon-
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ethylcarboxamido adenosine HCIH{CGS 12680)%
AXAG 47 AME H3gdeE fes Ragd
Sephen$?& T3 A&1# Al adenosine &4 an-
tagonist?] DPCPX® BARA #Azxx)9 AZHIH
25 adstA] #3818 A3 adenosine F8A7} A2
o} BAE AZAEY] B3 FEve #A9LS Bk
. B AFoM = M9 adeonsine FEA] A¢A|
Q1 SPTE #AAAG wForMe 43+2%, A€F Al
adenosine 84 A2l DPCPXE AA X3 o
MNE 254+09%9) 9AAS HAES Kol :kold)

A A Azxae AER3 a7} A3 adenosine F
Ao AU S AR AT a8y A2
adenosine &89l 3577]%F A <% Zﬂ‘*war’\]
AZEs R ele] AL 1_2‘151 WA 8k = Rt
Protein kinase C+= & A2 "]itﬂﬁkﬁl %93}
AgE s HIo= PKC7¥ Y Az ATR
TEA FAA A4S = AR AAEHD Q)
Ytrehus%'?& adenosine®|l} noradrenaline®] G-
protein-linked receptorel] #&3ld AW PKCE
438t effector proteing Q14tsldl] 7]ojsle= Ao
2 AAEY. PKCe AXu AzdgaAolre 2
gl o} M E 243} BElmA® Eokxzl ukol®
o #ste Ao dEA ok dlFE9] cytosolic
PKCe B|&A Adeol] lom Ao Qe A xute
2 A= €43 "o PKCe #43ke o ZujolA
o] i AE QAtsA A JelskA] A Al ¥sHE of
713t} E7E o] £3 AYolA AIREE SEA A
Aee adenosineO] Al adenosine 84 & 435}
o Yepbe Aoz g Aok AAE 2 e A
ul #islo] W}E‘q Al adenosine £
toxin-sensitive G protein® Z¥3sM G proteine

24 pertussis

ADENOSINE

MICROTUBULES
COLCHICINE

STAUROSPORINE

T l THE UNKNOWN
EFFECTOR
PKC
INACTIVE
CYTOSOL

Fig. 4. A summery of the intracellular signalling pathways potentiall involved in preconditioning.
The A, adenosiner receptor couples to the G protein, Gp and activates phospholipase C(PLC), which degrades
phospholipid in the membrane to diacy! glycerol(DAG). DAG in turn activates protein kinase C(PKC) that is in
the membrane and also causes translocation of PKC from the cytosol to the membrane. During ischemia, phos-
phorylation of an unidentified protein mediates the actual protection. PTX, pertussis toxin ; SPT, 8-p-sul-

phophenyl theophylline ; PMA, phorbol 12-myristate 13-acetate ; OAG, oleoylacetyl-glycerol ;
lymyxin B(Reproduced from Przyklenk K, Kloner RA, Yellon DM :
147, 1994).

endogenous cardioprotection. DICM 148 :

PMX, po-
Ischemic preconditioning : the concept of
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adenyl cyclase, K'¢} Ca'' channel. phospholi-
pase® 243 71%E 7FIT ™. Phospholipase
C X =% phosphatidylinositol 4,5-diphosphate,
phosphatidyl choline® £8]A1A olak A&AQ dia-
cylglycerol(DAG)3} D-myo-inositol 1,4.5-triphos-
phate(Ins(1,4.5)Ps)& A3 J718  diacyl-
glycerol(DAG)S M Z2 oA protein kinase C& &
A7) w28 cytosolic PKCE AxEge s
HAAAIA 2430719 o] &g3ld PKCE o4 88
212 & ATl D& serine/threonine ¢14ta}
AlA WA (Fig. 4). @Al protein kinase C2|
Aitslabg el diide] HlE AZAARS A3 Gl
Al gont o] &HR, #84, A cytoskeletal com-
ponent¥-2. 2 FRH} B AFEL 5-nucleo-ti-
dase™® ATP sensitive potassium channel®* o]
4 SEY Az ATHIZE A" HE
A7 AAIskL At Potassium channel openerS)
nicorandil®, pinacidil®™&°] ATEZ2E0] Qloke=
AFEL vl Fnlde doln #Hol Auchampachet
Gross&*& 719 4ol ATP-sensitive potassi-
um channel blocker?] glibenclamide® #%32)¢] &z}
£ Adsigicta Budta ok Ytrehus$ e E7]9)
A o)A 4f-phorbol 12-myristate 13-acetate
(PMA) %= 1-oleyl-2-acetyl glycerol(OAG) 3 #
2 PKC #4349l staurosporine®ltt polymyxin
B} Z& PKC A& o] &st] PKC7} AZA| 2] B
ZEAE op7|3rta &E 8 2 Speechly-DickE™
& HE o] &3 Axx] 2doA PKC agonistd] 1,2-
dioctanoyl-m-glycerol(DOC) & A3Y
10830 Fosld] s8] HxR|e} 2o HZAE
97 AdRon ¥ ARAF PKC antagonist?!
chelerythrines 2142 4818 284 Fojsla] A
Z2 9] ATHEANE A E Easle] Hgd A
zx 9] AR EEW} PKCY BAUSS Raslgich
9 Thornton®"& HE o] &3 3184 AR
A| norepinephrined] =&% A& Axx9 2 A
THSE}E YER norepinephrine®] ¢l +84&
53¢ protein kinase Cete] Aol AT F A} o
ol A5E T4}, 8 Przyklenks"e MNE
o] &3 &Y AR A PKC A H-77} po-

lymyxin B2 AzX]9] 78 744 glctn 2o

47

BT ofelgt o3t AAEL Fof] w2 AT AT
AaAAe] goldeg AztEth Polymyxin Be
phosphatidylserine®t Ao & 283}l protein
kinase C9] 2H&-& A3} protein kinase C7}
&gstel o] FEIEE 547|122 protein ki-
nase Co dAle &g oY FYAstans
yehll71x gttt B Aol A % Speechly-Dick5*¥¢]
FA43 o] PKCE EFAAo2 xehsly] 9sid
PKC7} A Z=e 2 o] 58 A71E meiste] 33 A
22| AR 10835E 3080 T3 BN E ol %
gt o] HnEa go]* moke] AAALE o] &g
£ AT A% PKC antagonist$! polymyxin BZ 3
A AZAF &4 A28 Ao Fojsie sPA
AZ 9 ATH3 EIE A gllon o] AL 3
A AZXE<¢ adenosine +8A e E3
protein kinase C2] 844317} mofololA &84 A=
2 o] AR T g9} Fo] 5§ AlAke

AEH 0T YN A5 AAE o] 83 1%o]g]
1844 HMxA] BdoA #E8AY A& dg A2k
Z¥I= A3 denosine FEAE E3 protein ki-
nase Co| #4d3te} felo] Sl Aoz AztEs o
gk chl A o] Qlakaly) A 2B T vl BHo] e
aiMe o e A7 87

O oF
- =

A7l

5184 Az ATRIES oY FEAPINA
T g Urh AEREAE ZE71d o2 adeon-
sinec] 7FF ®E3 wiZfAE AAER 2lon] ade-
nosine ¢&A9 &48E 5 MEU protein ki-
nase C $432 2 A4 g2 HF ez Qat
37t g7 eR AAEHT Aok 2y Al A2,
218]3 A3 adenosine F8HF | #8417} 42H
ZA Lol FJsteAet AZW ATASANA el
€ T Havt glon Fojupel 2879 ol
BuEm gloh B A7E ngoldr 8 Hzze
AR 5280 #HJdHE adenosine T84 o} & &
ol A ¥ wi7hA 2 protein kinase C2] &%
TFHstaat & A2 Algsin
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AE 1ol 37lelE U2, FEA AxaE 2 A
Z2AA AAAT(SPT : nonselective adenosine an-

tagonist. DPCPX : Al selective adenosine anta-
gonist, Polymyxin B : protein kinase C inhibitor) 2.
2 uron g2dE A3 REFAM FoluE 2
e AAE Wteds dEsie] 408 HA2sd
FEDF 080 ARFE ARAG) D AN
255k

A 1}

8 AxT 2 DPCPX AZA oA vzl
Hls] o] @77} freahAl Zken(22.6+1.5, 25.
4+0.9% vs. 44.0+1.7%. p <0.05), SPT % poly-
myxin B A 24 & 237 A4 =27]9] 2bo] 7} gl
th(43.0+2.0, 40.3+0.4% vs. 44.0+1.7%).

4 &:

agolollA HEA Az A& ATE|Eo gl
ATEHETAES 7 ol2|g AR I EI= A3 ade-
nosine &4 & E3& protein kinase Co] 8439 #
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