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Endogenous adenosine and ATP-sensitive potassium channel modulate
anoxia-induced electrophysiological changes of pacemaker cells in

sinoatrial node of guinea pigs'

LI Yu-Long. HE Rui-Reng  (Department of Phvsiology . Institute of Basic Medicine, Hebet Med-

wal College . Shijlazhuang 050017, China)

AIM: To investigate the electrophysiclogical
effects of adenosine deaminase {ADase, an en-
zyme converting adenosine to 1nosine and am-
monia ), 8-phenyltheophylline {(8-PT. a non-
selective antagonist of adenopsine receptors)
and glibenclamide (Gli. a potent blocker of
ATP-sensitive KT channels} on anoxic pace-
maker cells of SA node. METHODS. Anoxia
of pacemaker cells in SA node of guinea-pig
was induced by perfused for 20 min with =
modified K-H solution gassed with 100 ¢ N,
deprived of glucose. Parameters of action po-
tentials including maximal diastolic potential

CMDP ». amplitude of action potentisl
(APA ), duration of 90 !y repolarization
( APD,. ), maximal rate of depolarization

(Vi }» rate of pacemaker firing (RPF), and
velocity of diastolic (phase 4) depolarization
(VDD were recorded using intracellular mi-
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croelectrodes, RESULTS: Anoxia increased
MDP. APA. and Vg. and decreased VDD,
RPF in a time-dependent manner., ADase 10
U-L7'. 8PT 0.1 pmol L~ and Gli 10 pmol
+L.77" sagnificantly attenuated the electrophysi-
ological changes of pacemaker cells in sincatri-
al node induced by anoxia. CONCLUSION ,
Endogenous adenosine and ATP-sensitive K~
channels may play an important role in the

generation of anoxic bradycardia in guinea

pigs.
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Endogenous  adenosine is  primarily
formed from dephosphorylation of AMP that
may occur intracellularly or extracellularly®!
and may be derived from hydrolysis of
s-adenosythomocysteine (SAH)'. In hypoxic

myocardium, adenosine release from SAH hy-
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drolysis did not increase''’, but that from
AMP dephosphorylation increased*'.  During
anoxia and ischemia. adenosine release 1n-
creased about 50 times more than that during
normoxia®™, Our previous study suggested
that the selective A, adenosine receptor ago-
nists, N°-cyclopentyladenosine (CPA ) and
"R ]-N*-[ 1-methyl-2-phenylethyl ] adenosine
(R-PIA) exerted a negative chronotropic ac-
tion on the pacemaker cells in sincatrial (SA)
node of guinea pigs and their effects were
adenosine-receptor dependent and mainly
modulated by activation of ATP-sensitive K~
channels coupled to adenosine receptaors'™ .
Hypoxia and ischemia also exhibited a nega-
tive chronotropic action on SA node'™'. We
hypothesized that endogencus adenosine and
ATP-sensitive K* channels were involved in
the hypoxia-induced bradycardia. To examine
this hypothesis. the electrophysiological ef-
fects of adenosine deaminase { ADase. an en-
zyme converting adenosine to inosine and am-
monia ). &-phenyltheophylline (8-PT. a non-
selective antagonist of adenosine receptors?}
and glibenclamide (Gli, a potent blucker of
ATP-sensitive K-~
maker celle in SA node of guinea pig were

channels? on anoxic pace-

investigated. .
MATERIALS AND METHODS

Guinea pigs of either sex weighing 0. 38+ 0. 06
kg were decapitated and the bearts were superfused
with Krebs-Henseleit tK-H) solution.  The right atri-
um was dissected carefully for the preparation of SA
node. Preparations included the intercaval region and
a small part of the interatrial septum but not the atri-
oventricular node. The upper part of the crista termi-
nalts was cut 1o open the superior ¥vena cava ta expose
the SA node.
forated silicon rubber block in a tissue hath.

The preparation was mounted on a per-

The glass microelectrode was nserted inte pace-
maker cells in SA node.
tial of pacemaker cells was amplified ( MEZ-8201 1.

The transmembrane poten-

monitared with &8 memory oscilloscope (VC-11), and
fed 16 the AfD convertor. A mucrocomputer {Apple-
11 was used to process the amplified signala.  Maxi-
mal diastolic potential ¢MDP ), amphtude of action po-
tential ¢ APA Y, duration of 90 *. repolarization
LAPD,.). maximal rate of depolarization (Voa.) . rate
of pacemaker firing (RPFJ. and velocity of diasiohe
fphase 41 depalarizatian {VDD) were analyzed by 1he
microcomputer. Parameters of action potentials (AP
were stored into a diskette,

In the first part. electrophysiological effects of
anoxia on pacemaker cells in SA node were examined.
Afrer recarding 3 centrol AP. the preparation was
perfused with @ modified K-H soluton (Na(l 125:
KCL 5.1; MgS0, 1.2; CaCl, 2. I; NaHCO;: 23; glu-
cose 11 mmal *L7*) gassed with 100 % N; and de-
prived of glucore. The AP was recorded 1. 5. 14, 20
min after the anoxic situation, After anoxia for 20
min. some preparations were washed with the modi-
fied K-H solution with 100 % (), to observe the recov-
ery of AP and others were continuously perfused with
anoxic K-H seolution until arrest of activity in pace-
maker cells,

The second part was undertaken to assess the ef-
fects of ADase. 5-PT and Gli on pacemaker cells in SA
node. The preparations were divided into 3 groups at
random. (1) ADase trestment. The preparations
were perfused with oxvgenated K-H solution contain-
ing ADase (14 5. and 14 U-L™"') for 1) min and then

superfused with anoxic K-H solunon with ADase for

20 min- {21 5-PT treatment (- 0I, D.05, and ¢. 1
pmol=L7-), 3+ Gli treatment ¢14 5, and 10 pmol
+L.7*). The protocals of 8-PT and Gli treated groups

The sol-
vent and resources of 8-PT and Gli were as previously
described-*' and ADase (Sigma) was diluted with the
madified K-H solution.

The AP expressed as T+ s were analyzed using F

were simular to that of ADaze treated group.

and ¢ test,

RESULTS

Automaticity of anoxic pacemaker cells
In pacemaker cells of SA node superfused with
the oxygenated K-H solution, RPF and VDD
were 2004+ 11 bpm and 844+ % mV 5", re-
After SA node was superfused

spectively.
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with the anoxic K-H solution. RPF was re-
markably decreased in a time-dependent man-
ner. Arrest of acuvity in pacemaker cells was
mduced by anoxia for 12 £ 8 min {a =8
VDD did not show any sigmficant changes af-
ter 1 min of anoxia bur gradually reduced at 5,
The effect of
anoxia in producing a slowing of RPF was
parallel to a decrease in VDD, RPF was the
most sensitive to anoxta in all parameters ex-
amined (Tab 1.

As the preparations were first exposed to

111, and 20 min after anoxia.

oxvgenated K-H solution with ADase for 10
min and then superfused with anoxic K-H =o-
lution with ADase, the decreases tn RPF and
VI induced by angxia 120 min were tnhibit-
ed in a concentration-dependent manner.
However. even if the highest concentration

(10 U «L™") of ADase was applied. the de-
creases in RPF and VDI were not completelw

Tab 1.

clamide (Gli) on anoxic pacemaker cells in SA node of guines pig.

abolished by Alase (Fig 1.

Similar tn ADase. Gli attenuated but did
not completely abuolish the decreases in RPF
and VDD indured by anoxia {20 min) in the 3
8-PT showed a
polent antagonistic effects on the reduction in
EPF and VDD induced by anoxia {20 min),
The highest concentration (0. 1 gemol«L ") of
-PT fullv antagonized the effects of anoxia on

coneenirations used { Tab 1),

autematiciiy of pacemaker cells in SA node.

The relationship between RPF and anoxic
time has been well esrablished. ADase (10U
<L7"1, 8PT 101 pmol <L 1) and Gl 410
pmmaol * L7 could shift the relationship curve
upwards. thus decreasing the slope of the
curve {Fig 21,

Transmembrane potentials of pacemaker
cells No significant changes ol transmem-
brane potential variables were seen in anoxia

but MDP. APA. and V. were

at 1 min,

Electrophysiological effects of adenosine deaminase ( ADtase ). 8-phenyltheophiylline ¢(8-PT). and gliben-

n=8. ¥+s. "P>0.05, "P<<0.05. ‘F-0.01

¥s control: *P>0. 05, ‘P<0.05. "P<0. 0! v5 anoxia (20 min".

MDP/mV APA/mV Vi i¥es™  VDD/mVrs—- RPF /hpm APD.,/ms
Control —45%5 484 2,4=0.9 Sy 2nn+11 36115
Annxia
! mun —d4744a" s24 4 4. /41 pp et 180112 19311
5 mip —BG&04+ 4" 554-4" 8.9—-1.3 S0 At 14115" 1u=17
10 min —59=3 61z 4 11. 244, % 2410 11419 192+21"
70 min — 3B+ FC RS 11.7+2. 7 24T #2411 17914
ADase (U-ml™) — Anoxa (20 min)
1 — Gz 7 s+ 5~ I, a2 6 Rt o 10310 152417
) — 5445+ 570" 9, 441, 5+ n2-g 140+14" 1901yt
10 — 524 55 —3b 6. 70, B 70+ 8" 166313 194410
8-PT (pmnoleL™"'1 4 Anoxia (20 min)
TR —554 4 g7 10, 4=1, 14 147 12610 184 —2¢
0,103 —4743" Sa—4™ 1.7l 69+ 6" 168+13% 196413
0.1 — 4Rt 4" 505" 2831, 8" EIVE= DAY 186411 194+ 14™
Gli tpmol<L™") + Anoxia ¢ 21 min}
1 . ~ 5445M 37+5" 1. 02,47 3947 1214 14 19214
5 — 4945 5200 ETELT 4 — &M 1310 19411
10 — 474" 303" 3.8+1. 1" 740" 176-£ 174 187+ 18"
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Fig 1. Inhibitory effects of ADase (10 U-<L~'). 3-PT
(01 pmol L") and Gli ¢Gli 10 ymel-L™') on the
electrophysiological responses of pacemaker cells in
SA node of guinea pizg to anoxia 20 min. 1) control.
2) treatment. 3) washout For 30 min.
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Fig 2. Inhibitory effects of ADase. 8-PT and GH on
anoxia-induced slowing of RPF. n = 8., ¥ = .
Apoxia U'73): ADase 110 U+L™"1 + anoxia «@>: &-
PT <0-1 umob-L7"> -+ amoxia + < ; Gl 110 pmel
*L7") + anoxia ¢ ]). *P>0.05. "P< .05, ‘P<
0. D1 vs anoxia.

gradually increased by anoxia at 5. 10, and 20
min. APD., was decreased by anoxia only ar
20 min (Tab 1.

ADase {0 U-L™! inhibited the increases in
APA and V... and the decrease in MDP of

the pacemaker cells induced by anoxia 20
ADase 1 U+ L7 did not show anv
abservable effcet. The decrease in APD..
induced by anoxia was not obviously affected
by ADase at all 3 concentrations (FP2>>0.03).

High concentrations of 8PT (0.1 pmal
L'y and Gli €10 pmol + L") alsa inhibited
the changes of transmembrane potentials in-
duced by anoxia (except for APy}, more po-
tent than those of ADase (P<70.05).

an .

DISCUSSION

In vur previous studies, adenosine ana-
logue—CPA exerted a negative chronotropic
action on the pacemaker cells in SA node of
guinea pigs'®'.  The present study indicated
that the anoxia-induced endogenous adenosine
release might also play an important role in
the development of anoxia-induced bradycar-
dia in guinea pigs. This concept was support-
ed by the following facts; 1) The changes of
electrophysiological variables of pacemaker
cells in SA node of guinea pigs induced by
anoxia were similar 1o those of CPA (selective
adenosine A,-receptor agonists)'* in the same
species.  2) ADase. an enzyme converling
adenosine to inosine and ammonia showed the
significant antagonistic effect on the electro-
physiological changes of pacemaker eells in 5A
3) 8PT. an adeno-

sine receptor blocker completely abalished the

node induced by anaxia,

anoxla-induced electrophysiological changes of
pacemaker cells in SA node.
Gli. a drug kndwna to iohibit ATP-sensi-

et atrenuated the bradycar-

tive K' channels
dia induced by vxogenous adenosine and its
.analogues tn veee and fn witro'®?',  Depletion
or reduction of intracellular ATP, as might
appear during anoxic ar ischemic stress. could
open ATP-sensitive K- channels in cardiae

L

museles (lur present results that Gli in-

hibited the electrophysiological changes of


http://www.cqvip.com

" 46 BIELIL), ISS™ Z204-2776

Acra Pharmicolngica Simic

TEATER  L9v5 Jan: 16 (1)

pacemaker cells in SA node induced by anoxia
suggested that ATP-sensitive K' channels
also modulate the
changes. ATP-sensitive K~ channels may be
coupled to adenosine receptor via GTP-binding
proteins Thus, it that
anoxia indured the increase of endogenous
adenosine and the reduction of ATP, thereby
activating the ATP-sensitive K'
which might be involved in the electrophysi-
ological changes of pacemaker cells induced by

might above-mentioned

LTH was assumed

channels

anoxia.
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