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Use of isoptin for counteracting the effect
of methol on cardiac activity in experimental
animals
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The purpose of the present study is to use isoptin in order to lower intracellular Ca®*
concentration for counteracting the effect of methol on cardiac activity in acute intoxication of the
experimental animals. Adult male Wistar rats were used — 8 animals/lot anaesthesized with
urethan. ECG activity was recorded every 15 minutes, for 360 minutes. Administration (oral) of
methol in a dose of 310 mg/kg/bw. (DL,,) produced sinusal bradycardia, which became more
marked later on. Isoptin administration in a dose of 5 mg/kg/bw. in rats with 310 mg/kg/bw.
methol decreased the heart rate, the lowest value occurring 120 minutes after administration,
followed by a slow increase until the end of the recording. When isoptin was given in a dose of
2.5 mg/kg/bw. to rats with 310 mg/kg/bw. methol, the decrease of the heart rate was much slower
than before, for a period of 255 minutes, followed by a slight increase until the end of the
recording. Isoptin counteracts the bradycardia — producing eftect of methol in rats during the
study time (6 hours), and the effect after this period of time requires further investigations.
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One of the most important factors of regulating the muscular cell activity is the
calcium amount and its distribution in the cell compartments [7]. The difference
between intra- and extracellular Ca?* concentrations is ensured by the Ca?™ pump
mediated by ATP and Na-Ca exchange channels of the plasmic membrane [19].
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At rest the concentration of cytoplasmic Ca?" decreases from 107 to 1078, and
the Ca?* concentration gradient between the two surfaces of the membrane of the
sarcoplasmic reticulum (SR) is 103, This calcium gradient needs the presence and the
activation of the Ca2* pump on the surface of the cellular and intracellular membranes
[8].

The skeletal muscles with intense activity require the rapid movement of a big
amount of Ca2*, which cannot be made by sarcoplasmic transports. The presence of
greatly extended SR made is possible to meet this requirement [9, 15]. There is a close
connection between the tanks of the longitudinal sarcoplasmic tubes and T tubes; at this
level there are Ryanodin receptors for the Ca?*-releasing channels [16]. Some recent
observations have confirmed the idea of double regulation of voltage and Ca®"
dependent of the Ca?*-releasing channels in SR [12, 18].

After the phase of muscular cell activation, the decrease of cytoplasmic Ca?* is
due to the activation of SR Ca2*ATP-ase [11]. In the cardiac muscles, where SR is less
developed, the activation of Ca2* ATP-ase in the cell membrane and the Ca?* reception
by the mitochondria have an important role in Ca2* transport [10]. Methol reduces
Ca?*ATP-ase activity; like hydroquinone it is a reducer in the form of crystals of
various sizes, and it is found in the composition of the solutions processing
photosensitive materials. If the rules of hygiene are not observed when handled, they
can penetrate into the body. The toxicity of hydroquinone on the human body, as well as
on the cardiovascular system is described in many papers of special literature, the
highest concentration accepted at work-place being precribed by the law. We have not
found any data concerning the effect and action mechanism of methol. This fact has
made us study the action of methol on the cardiac activity in experimental animals and
the use of certain “antidotes” in order to counteract the effect of methol.

To purpose of thie study is to use isoptin as a calcium-channel blocker with a
view to lower intracellular Ca2* concentration for counteracting the effect of methol on
the cardiac activity in acute intoxication of experimental animals.

Materials and methods

We used adult Wistar rats (180-200 g) grouped in 5 lots having 8 animals each:
the first lot, the controls, were given 0.5 ml distilled water orally, through a stomach
tube; the second lot received 310 mg/kg/bw. methol; in the third lot 5 mg/kg/bw. isoptin
was administered; the fourth lot received 310 mg/kg/bw. methol followed by
5 mg/kg/bw. isoptin; the fifth lot animals were given 310 mg/kg/bw. methol followed by
2.5 mg/kg/bw. isoptin.
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Process of determination: weighing the animals, anaesthetizing with doses of
1000 mg/kg/bw. urethan administered intraperitoneally. 30 minutes after urethan
administration the first ECG curve was recorded (control, t=0), followed by recordings
every 15 minutes for 6 hours. Methol was administered 30 minutes after urethan
administration (immediately after recording the first ECG curve), and isoptin 30
minutes after methol administration. The dissolution of urethan and methol was made
with 0.5 ml distilled water before administration. Urethan and isoptin were given
intraperitoneally. Depending on the lots, methol was administered orally on an empty
stomach, through stomach tube, in a dose of 310 mg/kg/bw. This dose represented
DL;yo, which produced the death of all animals. Both methol and isoptin were
administered in a single dose. Cardiac electric activity was recorded with a portable
Toshiba apparatus at a speed of 50 mm/sec, in standard derivation III. After reading the
R-R interval in msec from the ECG curves, the data were processed by computer, the
mean values and standard deviations of the heart rate were calculated, and in testing the
significant differences we used Student’s test, considering the significant differences
when p<0.05.

Methol: methyl-4-aminophenolsulphate (HOCcH,NHCH;),H,S0, from the
Factory of Photosensitive Materials at Tg.-Mures, as white crystals, is a component of
the solutions used in processing photosensitive materials, ensuring the reduction of
silver ions to form visible images. It is an allergen with reduced potential of sensitivity
[13].

Isoptin: vials of 2 ml/5 mg verapamilhydrochlorid, calcium-channel blocker.

Results

The effect of isoptin on the heart rate: isoptin given intraperitoneally in a dose of
5 mg/kg/bw. gradually decreases the heart rate. The lowest value is obtained 90 minutes
after administration, and then the heart rate is gradually restored. After 225 minutes it
has almost the same value as the controls (Fig. 1). It does not bring about any significant
modifications in the heart rate as compared with the control group (Table I).

The effect of isoptin in a dose of 5 mg/kg/bw. on the heart rate when
310 mg/kg/bw. methol is administered (Fig. 2): after administering 5 mg/kg/bw. isoptin
the heart rate decreases suddenly, the lowest value being reached after 150 minutes,
followed by a slow increase until the end of the recording when its mean value is
270.40/minute. This decrease becomes significant after 60 minutes in comparison with
the controls, and it remains significant up to the end of the recording.
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Table I

Data concerning the heart rate changes due to methol in the presence of isoptin in rats

Time 1) 15 30" 60" 120' 180" 240' 300' 360"
(minutes)
Control
heart rate  430.1 393.7 392.7 403.7 385.3 400.4 399.1 383.3 4112
stdev 50.56 74.09 61.49 44.42 55.38 50.70 60.13 62.08 48.57

Isoptin 5 mg/kg/bw. ip.

heart rate  450.8 419 3953 3793 375 372.8 385.8 388 396.5

stdev 34.03 27.53 46.36 54.16 50.88 36.98 31.48 27.33 22.66

p 0.442 0.440 0.940 0.475 0.764 0.328 0.640 0.866 0.464
Methol 310 mg/kg/bw. orally

heart rate  404.4 370.2 363.8 360.4 355.6 3214 323.8 297 2852

stdev 60.3 61.45 58.95 4434 45.57 522 67.35 60.31 62.11

p 0.459 0.562 0.431 0.131 0.334 0.029 0.08 0.039 0.006

Methol 310 mg/kg/bw. + isoptin 2.5 mg/kg/bw.

heart rate  433.6 426 3982 3942 368.2 343.6 3248 325 3282

stdev 23.89 29.79 49.82 46.28 80.82 70.13 63.6 57.68 66.71

p 0.878 0.326 0.868 0.729 0.695 0.166 0.073 0.128 0.046
Methol 310 mg/kg/bw. + isoptin 5 mg/kg/bw.

heart rate 384.8 361 353.8 283.6 263.6 263.2 266.2 271 270.4

stdev 41.38 55.38 44 46 49.08 42.94 40.74 27.39 23.02 25.13

p 0.12 0.402 0.232 0.002 0.001 0.000 0.000 0.002 0.000

The effect of isoptin in a dose of 2.5 mg/kg/bm. on the heart rate when
310 mg/kg/bw. methol is administered (Fig. 3): after administering 2.5 mg/kg/bw.
isoptin the heart rate falls for 240 minutes, followed by a slight rise till the end of the
recording when the mean value of the heart rate is 328.20/minute. This decrease is not
significant as compared with the controls (Table I).

Figure 4 presents the heart rate curves of all the lots studied in comparison with
one another. This reveals that the use of isoptin in a dose of 2.5 mg/kg/bw. in the lot
with 310 mg/kg/bw. methol administration produces a slower decrease of the heart rate,
and this decrease is not significant against the control group. The use of 5 mg/kg/bw.
isoptin in the lot with 310 mg/kg/bw. methol causes a sudden fall of the heart rate,
which is partly restored at the end of the recording. This decrease is significant after 60
minutes and it remains significant till the end of recording. The two rate curves of
methol +2.5 mg/kg/bw. isoptin and methol +5 mg/kg/bw. isoptin are parallel after 255
minutes till the end of the recording.

Acta Physiologica Hungarica 87, 2000



The effect of methol on cardiac activity 91

Canfisr [mgeescy (urmin |

Fig. 1. The variations of cardiac frequency due to methol in rats
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Fig. 2. The variations of cardiac frequency due to isoptin
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Fig. 3. The variations of cardiac frequency due to methol in presence of isoptin
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Fig. 4. The variations of cardiac frequency due to methol in presence of isoptin
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Fig. 5. The variations of cardiac frequency due to methol in presence of isoptin

Fig. 6. The variations of cardiac frequency due to methol in presence of isoptin
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Fig. 7b. ECG route due of isoptin in rats
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ECG curve in rats (Fig. 5) with oral administration of 310 mg/kg/bw. methol:
after methol administration sinusal bradycardia develops which later on is exacerbated,
see curves [I-1V. Bradycardia increases in time by the extension of P-R interval and T
wave as well (disorders of atrial conduction and of repolarization) see curves V-VI.

The ECG curve of rats with intraperitoneal administration of isoptin: after
10 mg/kg/bw. isoptin administration sinusal bradycardia develops, see curves I-IV.
This bradycardia becomes more marked following the second dose of 10 mg/kg/bw.
isoptin, see curves V—VI and after the third dose of 20 mg/kg/bw. isoptin more severe
bradycardia is assessed with the occurrence of extrasystoles, see curve VII., of
arrhytmia, see curve VIIL., and of ventricular rhytm (lack of P wave), see curve IX.

Table I includes the mean values of the heart rate of the animal groups, standard
deviations, as well as the values of significant differences the heart rate of the lots as
compared with the controls.

Discussions

The effect of methol on the preparation of RV papillary muscle and striated
muscle is revealed by the increase of muscle tone and by the decrease of the amplitude
of muscular contraction [4]. In acute methol (DL,) intoxications in rats the death of
animals is produced 2—5 days after the date of methol intoxication. The ECG curve
shows that the death of animals is due to the cardiac activity disorders consisting in
sinusal bradycardia exacerbated in time by gradually slowing down the conduction
speed in the ventricular musculature, in the formation of supranodal and
supraventricular ectopic pace-maker, in shortening the P-R interval with ventricular and
supraventricular extrasystoles, in the isomeric atrioventricular dissociation and in the
electromagnetic dissociation followed by cardiac stop [3].

Methol inhibits Ca2*ATP-ase activity [6], the inhibitors of the SR Ca2* pump in
the smooth muscle tissue block the refilling of the intercellular Ca2* deposits [1, 17],
and they produce a sustained contraction of the vascular smooth muscle [20], at the
same time they affect the functions of the striated and smooth muscle cells, namely:
contraction, ion concentration and membrane excitability [22]. By blocking Ca?*ATP-
ase by methol, Ca?* accumulates in the cytoplasm of the muscle fibre, producing the
increase of the muscle tone. Probably methol has an effect on the cells of the sinoatrial
node, too, which is the place of formation of the electric impulses that determine cardiac
activity, and thereby it leads to the decrease of the heart rate. The decrease of the heart
rate depends on the methol dose, as well as on the period of time from the
administration [5]. Isoptin administration produces a more marked decrease of the heart
rate followed by its increase. Isoptin is a calcium-channel blocker with special effect at
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the level of the sinusal and atrioventricular nodes [2]. By blocking the calcium channels
[14, 21] the entrance of calcium into the cytoplasm is prevented, and thus the
concentration of cytoplasmic calcium decreases; this phase in our case is exteriorized by
stopping the decrease of the heart rate. Isoptin in a dose of 2.5 mg/kg/bw. has a better
effect as compared with the dose of 5 mg/kg/bw. in acute methol intoxication, because it
does not produce a sudden decrease of the heart rate. The dose of 5 mg/kg/bw. isoptin
blocks the majority of calcium channels, producing a sudden change in the
concentration of intracellular calcium. The use of isoptin as an “antidote” with a view to
counteract the effect of methol on the cardiac activity in acute intoxications of
experimental animals necessitates further studies.
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