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Concerning the effect of the K™ channel blocking agent glibenclamide
on ischaemic and reperfusion arrhythmias
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Abstract

Reports on effects of ATP-dependent K* channel modulating drugs on ischaemia-induced cardiac arrhythmias have been scarce and
contradictory. The channel blocking agent glibenclamide (glyburide) has been considered as an antiarrhythmic candidate, because it
antagonizes the ischaemic K* efflux and the shortening of the refractory period. In the present investigation its effects were tested,
therefore, in rat hearts with coronary occlusion and reperfusion. In untreated hearts, tachyarrhythmias occurred during the reperfusion, and
less pronounced during the coronary occlusion itself. Large amounts of adenosine and its degradation products were released during the
coronary reperfusion, particularly from hearts which developed ventricular fibrillation. Glibenclamide (0.1 and 1.0 wmol /I perfusion
fluid) neither antagonized the ischaemic nor the reperfusion arrhythmias. Ischaemic arrhythmias were even intensified. Also in control
hearts without coronary occlusion, pro-arrhythmic effects of glibenclamide were observed. Furthermore, the coronary flow was
considerably decreased by the drug, and the release of adenosine and its metabolites was significantly increased. Sodium nitroprusside
antagonized the glibenclamide-induced decrease in the coronary flow, but did not prevent the arrhythmias. The Ca2™ channel blocking
agent gallopamil increased the coronary flow, decreased the adenosine release, and antagonized the arrhythmias in hearts with and
without glibenclamide. In conclusion, the present findings do not favour the idea of an antiarrhythmic effect of glibenclamide. Rather,
some propensity to the occurrence of arrhythmias can be produced by the drug.

Keywords: Glibenclamide (glyburide); K x;p channel; Myocardia ischemia; Cardiac arrhythmia; Adenosine release

1. Introduction In myocardial ischaemia, the K ;5 channels are acti-
vated, and increased efflux of K™ leads to reduction of the
action potential duration (Cascio et al., 1990; Gasser and
Vaughn-Jones, 1990; Wilde et a., 1990). By this way, a
decrease in the Ca®" influx into the cardiomyocytes is
achieved. Since Ca>* ions play a key role in the deleteri-
ous effects which ischaemia has on myocardial cells, the
opening of the K x5 channels is considered to be a natural
protective mechanism (see Escande and Cavero, 1992,
Gross and Auchampach, 1992). Possibly, also synthetic
K™ channel openers have a cardioprotective effect (Grover,
1994).

Rather unclear, however, is the effect of K15 channel
modul ators on the ischaemia-induced arrhythmias. In coro-
nary ligated dogs pinacidil was found antiarrhythmic (Kerr
et a., 1985) as well as pro-arrhythmic (Chi et al., 1990).
Glibenclamide on the other hand, able to abolish the
hypoxic shortening of the action potential (Fosset et al.,
1988), antagonized ventricular fibrillation in globally is-

* Tel.: (49-761) 203-5299; Fax: (49-761) 203-5311. chaemic rat hearts (Kantor et al., 1987, 1990; Wolleben et

K* channels, which are regulated by the intracellular
concentration of ATP (ATP-sensitive K* channels, K;p
channels), have first been discovered in cardiomyocytes
(Noma, 1983; Trube and Hescheler, 1983, 1984), and
subsequently also in other organs and tissues (see Lazdun-
ski, 1994). Several substances are available which can
modul ate the open state of these channels. Whereas gliben-
clamide (glyburide) is a K ;5 blocking agent, cromakalim
and pinacidil are K x;p openers. (For areview see Edwards
and Weston, 1993.) The sulfonylurea glibenclamide has
gained great importance as an oral antidiabetic, because it
increases the insulin secretion. Since activation of the
ATP-sensitive K* channels in vascular smooth muscle is
combined with hyperpolarization and consequent relax-
ation (Standen et al., 1989), K s, openers are of interest
as new antihypertensives.
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al., 1989). However, in experiments with myocardia in-
farction in dogs, the findings with this drug were contra-
dictory (Chi et al., 1989; Billman et a., 1993).

With the present investigation we want to contribute to
the question whether the arrhythmias can be influenced by
Kirp channel modulating drugs. We were particularly
interested in glibenclamide and tested it in rat hearts with
coronary occlusion and reperfusion. Also the release of
adenosine and its metabolites from the hearts was investi-
gated. The amount of released adenosine is an indicator of
the severity of the myocardial oxygen deficiency. And we
expected that the K* channel blocker glibenclamide would
perhaps decrease the coronary flow, competing with the
coronary vasodilator adenosine, which is considered to be
a Kx:p channel opener (Daut et al., 1990; Kirsch et a.,
1990; Dart and Standen, 1993).

2. Materials and methods
2.1. Experimental procedure

Male Sprague-Dawley rats (body weight 538 + 5 @),
anaesthetized with pentobarbital sodium, 45 mg/kg intra-
peritoneally) were artificially respired via a tracheal can-
nula. The hearts were excised and perfused in a double-
walled, water-heated chamber according to the Langen-
dorff technique (37.5°C; constant pressure of 7.85 kPa). As
perfusion fluid Tyrode's solution of the following compo-
sition (mmol /1) was used: NaCl 136.9, KCI 2.7, CaCl,
1.8, NaHCO, 11.9, NaH,PO, 0.4, glucose 5.6 (gassed
with 95% O, and 5% CO,, and filtered prior to use
through a washed paper filter; pH value of the gassed
solution 7.3). The electrocardiogram for the analysis of
arrhythmias and the determination of the sinus rate was
monitored continuously via two platinum blade electrodes
attached to the surface of the left and right ventricle.

When the hearts had adapted to the situation of artificial
perfusion (after 30 min), a 10 min sample of the coronary
perfusate was collected under continuous stirring in an
ice-chilled beaker. Then, the left coronary artery was
occluded by ligation beneath the left auricular appendage
(in the rat, the left coronary artery is a single descending
trunk. There is no left circumflex artery; Johns and Olson,
1954).

The coronary ligature was released after 2, or 5, or 10
min, respectively, and coronary reperfusion was allowed
for 20 min. During the whole period of coronary occlusion
and reperfusion, the coronary perfusate was further col-
lected in fractions. Then, the coronary ligature was tied
again, and coronary perfusion was performed with a solu-
tion of chlorophyllin in normal saline (5 mg/ml). By this
procedure, the well-perfused parts of the myocardium are
stained green, whereas the non-perfused myocardium re-
mains unstained and retains its bright red colour. Both
parts of the myocardium, the ‘infarct’ area and the nor-

mally perfused part, were carefully separated by scissors,
and the wet and dry weights of both parts were deter-
mined.

In experiments with glibenclamide, the drug was added
to the perfusion fluid at the onset of the coronary perfu-
sion. It was dissolved in 99.8% ethanol, and applied in
final concentrations of 0.1 and 1 wmol /I (added volume
always 0.5 ml /| perfusion fluid). Solvent controls received
only ethanol (0.5 ml/I). In some experimental groups,
gallopamil and sodium nitroprusside were tested. Gal-
lopamil hydrochloride was added in final concentrations of
0.2 wmol /1 to the perfusion fluid. Sodium nitroprusside
was infused (under protection from light) into the fluid
stream 10 cm before the heart (0.125 ml /min of a solution
of 300 wg/ml 0.9% NaCl).

2.2. Determination of adenosine and its degradation prod-
ucts

For extraction of the nucleosides and oxypurines the
chilled coronary perfusates were filtered and immediately
shaken for 30 min with activated charcoal (0.2 mg,/ml).
After centrifugation, adenosine and its metabolites were
eluted from the charcoal with 50% ethanol, adjusted to pH
10 with NaOH (shaking for 90 min). Thereafter, the
charcoal was separated by centrifugation (2 times), and the
supernatant was concentrated by evaporation at 60°C.

The determination of the nucleosides and oxypurines in
the concentrated supernatants was performed enzymati-
cally. For this purpose, we extended the method which was
proposed by Heinz and Reckel (1985) for the determina-
tion of adenosine, to determine also its degradation prod-
ucts. In this assay, adenosine is degraded to uric acid by
adenosine deaminase, nucleoside phosphorylase, and xan-
thine oxidase; and the uric acid is further converted into
alantoin by uricase. Hydrogen peroxide, which is formed
during the xanthine oxidase reaction, converts ethanol into
acetadehyde (with the aid of catalase), and the latter is
converted into acetic acid by adehyde dehydrogenase.
Thereby, NAD(P) is reduced to NAD(P)H, which is mea-
sured photometrically at 334 nm. The individual metabo-
lites in the perfusates can be determined, one &fter the
other, directly in the photometer cuvette, by adding the
adenosine degrading enzymes in the reverse order, i.e,
uricase at first, and so on. It should be noted that there is
no problem concerning NADH, possibly released in small
amounts from the ischaemic myocardium into the per-
fusates. This starting value is set as zero vaue in the
photometric determination (for all further details concern-
ing the accuracy and specificity of the assay procedure, see
Bernauer, 1991).

2.3. Drugs and chemicals

Glibenclamide was from Research Biochemicals Inter-
national (Natick, MA, USA)(purchased from Bio Trend
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Company, Cologne, Germany); gallopamil hydrochloride
was from Knoll Company (Ludwigshafen, Germany),
sodium nitroprusside from Sigma Chemicals (Deisenhofen,
Germany) and ethanol (analytical grade) from Merck
(Darmstadt, Germany). The enzymes and coenzymes for
the determination of adenosine and its metabolites were
from Boehringer-Mannheim (Mannheim, Germany).

2.4. Satistics

Mean values are arithmetic means + standard errors of
the means (S.E.M.). When multiple comparisons of data
were performed, analysis of variance was applied, com-
bined with the Bonferroni test (Wallenstein et a., 1980).
When only two mean values had to be compared, at first
the homogeneity of the variances was controlled with the
F-test, and then the t-test for homogeneous, or heteroge-
neous variances, respectively, was used. When the inci-
dence of an event in different groups was compared, the
chi-square test was used.

The severity of ischaemic and reperfusion arrhythmias
was evaluated with the aid of the arrhythmia severity index
(ASI; Bernauer, 1986). The use of this index alows the
statistical comparison and calculation of significances in
experiments with tachyarrhythmias. The occurrence of up
to 10 premature ectopic beats during the respective obser-
vation time is weighted with the value 1, the occurrence of
more than 10 ectopic beats is weighted with the value 2.
Ventricular tachycardia or ventricular flutter is weighted
with the value 3, and ventricular fibrillation with the value
4. If more than one kind of arrhythmia appears, the
respective values are added up to yield the ASI value,
representing a numerical term for the severity of the
dysrhythmia

Ischaemic Arrhythmias

Arrhythmia Severity Index

3. Results
3.1. Coronary flow, and appearance of arrhythmias

In experiments without any drug application, the occlu-
sion of the left coronary artery reduced the flow through
the heart to about the half. The extent of the flow decrease
corresponded well to the extent of the non-perfused
(“ischaemic’) area, determined by the dye perfusion of the
myocardium. Reopening of the coronary artery completely
restored the coronary flow.

Glibenclamide (0.1 and 1 wmol /1) significantly de-
creased the coronary flow (Table 1). Occlusion of the left
coronary artery further decreased the flow, by about 50%,
like in the untreated hearts. Also in two control groups
without coronary occlusion and reperfusion, glibenclamide
itself (0.1 and 1.0 wmol /I; n=4, n=7) decreased the
coronary flow (data not listed in Table 1). The solvent
ethanol had no obvious effect.

During the coronary reperfusion, and less marked dur-
ing the coronary occlusion itself, cardiac arrhythmias ap-
peared. In the experiments with 2, or 5 min of coronary
occlusion, only in one heart of each group extrasystolia,
salvos, and ventricular tachycardia occurred during the
myocardial ‘ischaemia’. And in the group with 10 min of
coronary ligation, 5 of the 8 hearts reacted with extrasysto-
lia. Glibenclamide intensified the ischaemic arrhythmias,
particularly a 1 pwmol /I, where in all except one of the
hearts with 2, or 5, or 10 min of coronary occlusion these
arrhythmias were seen.

Very marked tachyarrhythmias occurred during the
coronary reperfusion, usually beginning with premature
ectopic beats and salvos, and sudden appearance of ven-
tricular tachycardia or flutter, converting into ventricular

Reperfusion Arrhythmias
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Fig. 1. The severity of the ischaemic and reperfusion arrhythmias is evaluated with the aid of the arrhythmia severity index (see Section 2), which alows
statistical comparison of the arrhythmias in different experimental groups. The groups are those with 5 min of coronary ligation and 20 min of reperfusion,
listed in Table 2, where also the numbers of the experiments are given. Co = untreated controls; Eth = ethanol solvent controls; Gli = glibenclamide
(nmol /1); Gal = gallopamil (umol /1); Gli/Gal = glibenclamide 1 pmol /I + gallopamil 0.2 wmol /I; Gli /Nit = glibenclamide 1 wmol /I + sodium
nitroprusside (for final concentration in the perfusion fluid see text). * P<0.05, ** P<0.01, """ P < 0.001. Significances refer to the experimental
group without the respective drug (i.e., Gli 1.0 vs. Eth; Gli /Gal vs. Gli 1.0; Gal 0.2 vs. Co).



W. Bernauer / European Journal of Pharmacology 326 (1997) 147-156

150

"(duofe apiwepuaqI|b 'sA apissnidosiiu +apiweouagi|b Buofe apiwepuaq !l 'sA |iwedo|ed +apiwepuag|b ‘S|0uod paeaiiun ‘sA [iwedo|ed ‘S[ouod joueyR 'SA apiweuaql(b Jo uosiedwod
1) Bnup aA0adsal 8y Inoym dnoib ay3 ul senfea auy} 0} el seouedyiubis 100 > d q 'S00>d, ‘siusw 1adxe apiweouaq!b sy Ul JUSA|OS Se Jussald sem se paljdde Sem UOIeJIUSUOD [OURYIS SWes
3} S|0J1u02 [0UEYIS Y} U| *(3X81 855 BIep L0 I1e1IUsou0d 19exa 10}) MO|} Areuo.od auj} uo Buipusdep ‘|/jow QT NOge JO SUOITeUSdUOd [eul) Ul Bunsa.l sjunowe Ul Wwealis pinjy ayl olul pasnjul sem ‘Al jigeisul
S1I Jo asnedaq ‘apissnidoiiu winipos “uoisniied ArRU0102 a8y} JO 18SIN0 8yl Wodj pinjj uoisnyiad ay) ul Juesald aiem sbBnip ay "uoiebi| Aruolod Jo Ul G Ylim siusw Liedxa Jussaldal sdnolb Jaylny |1V “Jeypebol
Ude) afe UoIsN|a20 ARUoI0D JO UIW OT pUe ‘G ‘Z yiim siesy | ‘spiwepusglif |/ jowr T Auo Buinedas dnoib ayy ul osfe uosiedwod Joj pue ‘sj0Juod pareanun jo dnolb ayl uj "|N'3'S FSuesw ae sane A

L 6LTFV TV qSCTFELT q690FS0T q8STF29T apsssnudosiu + | /jow 0T piwepUsq!D
9 0eZF98y q960FT9C q LETF6ST qISTFT0E I/ jow z'0 [uredojeb + |/ jow O°T spiwejoueq|o
0T vZzFo8y q LZTFrSe q290FT9T 4T0TF99C 1/ 10w Z°0 |iwedo|eD
aT YLTFE LY q290F2L q LEOFSE q.50F09 |/ jow o°T 8piweoueq!|o
9 €6Z2F9LY e TETF86 e G90FSY e €60FT8 I/ 10w T°0 8piwe oueqg!D
9 T1.2F6'LY YZTF8VT 190F9°2 YWIFLYT |/ joww /G joueyq
44 SrTFT8Y 00T FLVT 190FS'.2 T Fr T -
uosnyiadal Areuolod buung uosNn a0 Areuolod Buung uosN |20 Areuolod alopg
u (yBBM 1BM JO 0p) BSIR DIWTRYIS |

(ubem 1em B Jad uiw /W) mojy Areuolod

Bniqg

Mo|} Areuolod ay uo sbnip syl Jo aouan|ju|
Talgel



W. Bernauer / European Journal of Pharmacology 326 (1997) 147-156 151

fibrillation in 63, 86 and 100%, respectively, of the un-
treated hearts with 2, or 5, or 10 min of coronary occlu-
sion. Glibenclamide rather had an unfavourable effect on
the reperfusion arrhythmias. At 1 pmol /I, ventricular
fibrillation occurred in 75, 100 and 100%, respectively, of
the hearts with 2, or 5, or 10 min of coronary occlusion.

In Fig. 1 the occurrence of arrhythmias in the experi-
ments with 5 min of coronary occlusion is evaluated with
the aid of the arrhythmia severity index (ASI; see Section
2.4). Glibenclamide neither decreased the severity of the
ischaemic, nor that of the reperfusion arrhythmias. Infu-
sion of the vasodilating agent sodium nitroprusside into the
perfusion fluid stream 10 cm before the heart, antagonized
the glibenclamide-induced flow decrease (Table 1; find
concentrations of nitroprusside in the perfusion fluid 8.2 +
0.83 wmol /1 before the coronary occlusion, 12.2 + 0.80
during coronary occlusion, and 7.5 + 0.59 during reperfu-
sion, depending on the coronary flow). However, neither
the ischaemic nor the reperfusion arrhythmias were pre-
vented, in spite of the favourable effect on the coronary
flow (Fig. 1). Ventricular fibrillation occurred in 6 out of 7
hearts during the coronary reperfusion. However, in 4
hearts the fibrillation ceased spontaneously already after
38 + 10 s, whereas this was not the case in the experi-
ments with glibenclamide alone (1 wmol /I; duration of
fibrillation 868 + 127 ), or in the untreated hearts (dura-
tion of fibrillation 1133 + 51 s).

The Ca®* channel blocking agent gallopamil (final
concentration 0.2 w.mol /I perfusion fluid) not only antago-
nized the flow-decreasing effect of glibenclamide, but
considerably enhanced the coronary flow above the value
found in untreated controls (Table 1). In addition, gal-
lopamil had a marked antiarrhythmic effect, in the experi-
ments with, and without glibenclamide.

Glibenclamide had also some arrhythmogenic effect on
its own. When all hearts with 1 pmol /| were considered
together, 20 out of 23 had premature ectopic beats, and 8
had periods of ventricular tachycardia in addition, already
before the coronary occlusion was performed. At 0.1
pwmol /1 glibenclamide, 3 out of 6 hearts reacted with
premature ectopic beats, and one with ventricular tachycar-
dia. In a control group of 7 hearts without coronary
occlusion and reperfusion, but with 1 wmol /I gliben-
clamide, ectopic beats were registered in all experiments.
In 2 hearts, finally ventricular fibrillation occurred after a
period of ventricular tachycardia. In a further control group
with only 0.1 wmol /I glibenclamide, some few premature
ectopic beats were seen in 3 out of 4 hearts.

3.2. Release of nucleosides and oxypurines

A release of large amounts of adenosine and its degra-
dation products inosine, hypoxanthine, xanthine, and uric
acid from the hearts was observed, especialy during the
coronary reperfusion. For instance, in the group of un-
treated control hearts with 5 min of coronary occlusion,

5000

4000

3000+

2000

nmol/g dry weight

1000+

Sum of Hypo-/
Metabolites Adenosine Inosine xanthine Uric acid

Fig. 2. Release of adenosine and its degradation products from hearts
with coronary occlusion and reperfusion, in nmol /g dry weight of the
hearts. The sum of al nucleosides and oxypurines is shown, released
during 20 min of reperfusion after 10 min of coronary occlusion (Sum of
Metabolites), as well as the release of the individua metabolites. The
open columns represent hearts without drug treatment (n = 7), the hatched
columns those with 1 wmol /I glibenclamide (n=6). * P <0.05, ** P
<0.01, """ P <0.001. Significances refer to the respective values in
the hearts without drug treatment.

6.8 + 0.84 nmol /g dry weight were released per minute
before the coronary ligation, 15.1 + 2.76 during the coro-
nary occlusion, and 114.4 + 18.12 during the reperfusion.
The greater part of the released purine compounds was
represented by inosine. As an example, in Fig. 2 the
contribution of the individual metabolites to the total post-
ischaemic release is given for the experiments with 10 min
of coronary occlusion. In the group of untreated hearts,
inosine made up 60.8% of the total amount, adenosine
27.5%, hypoxanthine + xanthine 9.4%, and uric acid 2.3%.
As Table 2 shows, the occurrence of ventricular fibrillation
was combined with a particularly high release of the
nucleosides and oxypurines.

In experiments with 5, and 10 min of coronary occlu-
sion, 1 wmol /1 glibenclamide significantly increased the
release of adenosine and its metabolites during the coro-
nary reperfusion (Table 2). This was not simply due to a
higher incidence of fibrillation in the glibenclamide-treated
hearts, since it was aso found if only the fibrillating hearts
were compared. In the experiments with 2 min of coronary
occlusion, the effect of glibenclamide did not reach statisti-
cal significance, due to the relatively small number of
experiments in this group. The solvent ethanol did not
significantly influence the release of adenosine and its
degradation products (Table 2).

Gallopamil (0.2 wmol /1) very markedly decreased the
release during the reperfusion in experiments with 5 min
of coronary occlusion (Table 2). And this was also the case
when gallopamil was given in addition to glibenclamide
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(Table 2). Also sodium nitroprusside significantly de-
creased the release when applied in experiments with 1
p.mol /I glibenclamide, though not to the same extent as
did gallopamil (Table 2). It has to be noted that nitroprus-
side shortened the duration of fibrillation in 4 out of the 6
fibrillating hearts of this group, as already mentioned
(38 + 10 s of fibrillation, vs. 1123 + 73 sin the 2 remain-
ing hearts). In these 4 hearts, the total release of adenosine
and its metabolites during the 20 min of coronary reperfu-
sion was 814 + 64.1 nmol /g dry weight, whereas it was
2586 + 233.8 in the 2 hearts with long-lasting fibrillation.
But also the latter value is till below that obtained in the
fibrillating hearts with 1 wmol /I glibenclamide without
nitroprusside (3801 + 292.5 nmol /g dry weight).

3.3. Detection of a non-perfused subendocardial muscle
layer

We became aware of a particular phenomenon in con-
nection with the staining technique used for the determina-
tion of the extent of the ischaemic myocardia area. As
could be expected, in hearts without coronary occlusion
the whole myocardium was homogeneously stained green
by the dye perfusion, and in the hearts with coronary
ligation the myocardial area, which was excluded from the
perfusion, remained unstained. This ‘infarct’ area was
delimited very clearly from the surrounding well-perfused
myocardium. However, there were also hearts with an
additional non-stained muscle layer outside the infarcted
area, beneath the endocardium, which comprised the inner
part of the whole left ventricle, and which was particularly
extensive in the apex region. The borderline of this muscle
layer against the normally stained myocardium was always
very sharp (Fig. 3).

This non-perfused inner muscle layer was only present
in hearts with ventricular fibrillation. However, not all
fibrillating hearts exhibited this phenomenon. In the un-
treated hearts with coronary ligation and reperfusion a total
of 18 reacted with ventricular fibrillation, and in 7 of these
hearts the non-perfused inner muscle layer was observed
(= 38.9%; estimated thickness of the non-perfused muscle
layer: 29 4+ 2.5% of the left ventricular wall). In the pres-
ence of 1 wmol /I glibenclamide 15 hearts came to fibrilla-
tion, and 13 of them had a non-perfused inner muscle layer
(= 86.7%; estimated thickness: 41 + 3.4% of the left ven-
tricular wall). This would mean a significantly higher
incidence of the subendocardial perfusion stop (P < 0.025).
However, aso in the ethanol controls a high incidence of
this phenomenon was obtained. All fibrillating hearts (n =
4) exhibited this subendocardial perfusion stop (estimated
thickness: 31 + 8.3% of the ventricular wall). In the non-
fibrillating hearts (n=2) it was lacking. It should be
mentioned that in the glibenclamide control groups without
coronary ligation/reperfusion, the non-perfused muscle
layer was not observed, except in the 2 hearts which came

Fig. 3. Original photograph of a slice of the left ventricle of arat heart,
with ventricular fibrillation during the postischaemic coronary reperfu-
sion. Dye perfusion of the coronary system at the end of the experiment,
staining the well-perfused parts of the myocardium dark. The heart is cut
longitudinally (apex region to the left), outside the infarct region. The
upper concave side is the inner, endocardia surface of the ventricular
myocardium. The convex side on the bottom is the outer, epicardia
surface. Note the extensive non-perfused subendocardial muscle layer,
which remained completely free of the dye.

to fibrillation, where it was very extensive (thickness 40
and 70%, respectively, of the ventricular wall).

In the group of coronary-ligated/reperfused hearts
where sodium nitroprusside was applied in addition to
glibenclamide, the non-perfused muscle layer was found
only in 1 out of the 6 fibrillating hearts. In the experiments
with gallopamil, with or without glibenclamide, the non-
perfused muscle layer was missing; also in the heart which
came to fibrillation.

4, Discussion

In the present experiments, glibenclamide did not pre-
vent the appearance of premature ectopic beats and ven-
tricular tachycardia during the myocardia ischaemia.
Rather, the incidence of these arrhythmias was increased.
Ventricular fibrillation did not play a role during the
relatively short periods of coronary occlusion. However, it
was the dominating arrhythmia during the coronary reper-
fusion, and it was not antagonized by glibenclamide. Also
during the reperfusion there was rather a trend to an
increased severity of the arrhythmias. Thisisin line with a
report of Cole et al. (1991), concerning a pro-arrhythmic
effect obtained in right ventricular walls of guinea pigs
with 10 wmol /1 glibenclamide, and to a lesser extent also
with 1 wmol /1, during reperfusion after global ischaemia.
In our experiments, glibenclamide was also pro-arrhythmic
on its own, in control hearts without coronary occlusion.

What might have been the reason for this disadvanta-
geous effect of glibenclamide? The decrease in the coro-
nary flow has to be considered. Our observation that
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glibenclamide decreases the coronary flow, is in good
agreement with findings of Clayton et al. (1992) in isolated
guinea-pig hearts, and Randall (1995) in isolated rat hearts.
It appears possible that the decrease in the coronary flow
worsened the ischaemic situation, and thus produced a
propensity to the development of arrhythmias. In the
above-mentioned experiments of Kantor et al. (1987, 1990)
and Wolleben et a. (1989) with global ischaemia, the
hearts were perfused at constant flow with the aid of
perfusion pumps, whereas we perfused the hearts at con-
stant pressure, where glibenclamide was able to fully exert
its flow decreasing effect. This might explain why they
missed the pro-arrhythmic effect observed by us.

Differences in the experimental model have also to be
regarded when the antiarrhythmic effects are considered,
obtained by these investigators. In the global ischaemia
produced by restriction of the coronary flow to low values,
the resulting homogeneous decrease in the refractoriness
was overcome, perhaps, by glibenclamide. In our experi-
ments with regional ischaemia, however, differences in the
activation of the ATP-sensitive K™ channels with the
resulting dispersion of refractoriness between ischaemic,
and non-ischaemic myocardial areas, might have been an
important mechanism in the genesis of the arrhythmias,
which was not easily antagonized by glibenclamide. And
also in this respect, the situation could have been compli-
cated by the glibenclamide-induced vasoconstriction. The
experimental model of regional ischaemia by occlusion of
a coronary artery is, on the other hand, of particular
importance because of its similarity to the clinical situation
of acute myocardial infarction. But Kantor et al. (1990)
reported also some experiments with long-lasting regional
ischaemia, where 1 pwmol /I glibenclamide prevented al-
most completely the ventricular fibrillation. A drug-in-
duced decrease in the coronary flow was not observed.
However, also in their experiments, as well as in those of
Wolleben et al. (1989), other kinds of arrhythmias, espe-
cialy ventricular tachycardias, proved to be very resistant
to an antiarrhythmic effect of glibenclamide. It should be
emphasized that they used a concentration of gliben-
clamide which was aso used in most of our experimental
groups, namely 1 wmol /1. This concentration may appear
relatively high. However, findings of Findlay (1993) in
ventricular myocytes from rat hearts have shown that this
concentration was necessary to inhibit the K* current
activated by the K* channel opener bimakalim, or by
dinitrophenal.

Counteracting the glibenclamide-induced coronary
vasoconstriction by the vasodilator sodium nitroprusside
reduced the duration of ventricular fibrillation in the greater
part of the experiments. But a rea antiarrhythmic effect
was not observed. This fits well in the above-mentioned
idea that the glibenclamide-induced decrease in the coro-
nary flow aggravated to some degree the situation in the
coronary ligated /reperfused hearts. It is easy to understand
that the Ca?* channel blocking agent gallopamil not only

antagonized the decrease in the coronary flow produced by
glibenclamide, but also markedly reduced the arrhythmias,
because it is a'so an antiarrhythmic, per se, independent of
its vascular effects.

High amounts of adenosine and its degradation products
were released during the coronary reperfusion. The release
was particularly pronounced in hearts with ventricular
fibrillation, as also observed in previous investigations
(Bernauer, 1991). Glibenclamide further increased the re-
lease. However, the coronary flow remained low. Obvi-
oudly, even the high amounts of the coronary vasodilator
adenosine detected in the coronary effluent, were not able
to overcome the glibenclamide-induced coronary vasocon-
striction. An observation of similar nature was made in
isolated perfused guineapig hearts, where 2 pmol /I
glibenclamide prevented the hypoxia-induced coronary di-
lation (Daut et al., 1990; Von Beckerath et a., 1991). The
role of released adenosine, and that of the ATP decrease,
in the opening of K™ channels in hypoxia, or ischaemia
respectively, has especially been discussed by Daut et al.
(1990) and Nichols and Lederer (1991).

By what mechanism might glibenclamide have in-
creased the adenosine release? Likely by restricting the
coronary flow. This is suggested by the reduction in the
adenosine release obtained with the coronary vasodilator
sodium nitroprusside. The very marked decrease in the
adenosine release produced by gallopamil can be explained
by its vasodilating effect, and by the prevention of severe
tachyarrhythmias with their increasing effect on the adeno-
sine release. Moreover, as galopamil is a cardiac depres-
sant drug, it might have decreased the oxygen need of the
hearts also by its negative inotropic effect, thus mitigating
the myocardial hypoxia.

In the release of adenosine, also the phenomenon of a
non-perfused subendocardial muscle layer, detected with
our staining technique, could play a role. During fibrilla-
tion, where the cardiomyocytes are stimulated at an ex-
tremely high frequency, the oxygen consumption of iso-
lated perfused rat hearts is increased, and the myocardial
ATP concentrations are considerably decreased (Heuer and
Bernauer, 1986; Latocha and Bernauer, 1991). It can be
assumed that in our present experiments the oxygen depri-
vation was especially pronounced in the non-perfused
subendocardial muscle layer. At the moment, we do not
yet know the mechanisms which underlie this subendocar-
dia stop of coronary perfusion. This is the first time we
report about this phenomenon. It is clearly associated with
fibrillation and, perhaps, also with long-lasting ventricular
flutter, as suggested by experiments we are performing in
connection with another investigation. The present experi-
ments with sodium nitroprusside let assume that the non-
perfused muscle layer is produced by a constriction in the
coronary vascular bed. In still unpublished observations,
we have seen a very mighty non-perfused subendocardial
muscle layer also in isolated guinea-pig hearts, in which
ventricular fibrillation was provoked by a toxic concentra-
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tion of ouabain. As we know from previous investigations,
glycoside intoxication also leads to massive release of
adenosine and its metabolites (Bernauer, 1994).

We believe that the occurrence of the non-perfused
subendocardial muscle layer can have serious conse-
guences for the electrical situation in the heart. At the
borderline between the non-perfused muscle layer and the
adjacent normally perfused myocardium, the occurrence of
reentry mechanisms might be facilitated, favouring the
genesis and maintenance of fibrillation.

Finally, we want to emphasize that our observation of a
pro- arrhythmic effect of glibenclamide in the isolated
perfused rat heart should not be transferred uncritically to
the situation in humans treated with glibenclamide because
of diabetes. The general problems connected with the
application of results obtained in animal experiments, to
human beings, have to be regarded in an adequate manner.
Nevertheless, it appears advisable to keep an eye on this
possible undesirable effect, particularly in patients suffer-
ing also from coronary heart disease.
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