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Enhanced myocardial necrosis induced in rats by the combined 
administration of hydralazine and prenalterol 

XAVIER JOSEPH*, TIBOR BALAZS, 
Washington DC 20204, USA 

Division of Drug Biology, Center for Drugs and Biologics, Food and Drug Administration, 

The cardiotoxic effects of hydralazine and prenalterol, 
given alone and in combination, were assessed in rats and 
rabbits. Acute myocardial necrosis was induced by a single 
administration of each drug alone in rats. However, the 
incidence and severity of lesions were markedly enhanced 
when both drugs were given in Combination. Rats that 
received the same treatment for 10 consecutive days 
showed minimal or no acute necrosis, demonstrating the 
development of a resistance to further cardiotoxic effects of 
the drugs. Rabbits showed only minimal lesions when 
either drug was used alone and no enhancement of lesions 
when they were given in combination. From these data, it is 
concluded that the possibility of a cardiotoxic interaction 
exists when these drugs are used in combination and that 
the heavy rat (500-600 g) is a more sensitive model than the 
rabbit for studies of this nature. 

The combination of vasodilator and positive inotropic 
drugs is used in the therapy of congestive cardiac failure 
(Mikulic et a1 1977; Cohn & Franciosa 1978; Drexler et 
al 1981). These two classes of drugs act by independent 
mechanisms in improving left ventricular pump func- 
tion. Beneficial haemodynamic effects, viz. increased 
cardiac output, stroke volume and stroke work index, 
with a concomitant decrease in peripheral resistance, 
are markedly enhanced by the simultaneous administra- 
tion of these drugs. However, this combined use could 
produce adverse cardiac effects including an increased 
incidence of ventricular premature beats, shortness of 
breath and palpitations (Drexler et al 1981). 

These adverse effects can be attributed to myocardial 
hypoxia brought about by exaggerated pharmacological 
effects, i.e. hypotension and tachycardia. Large doses 
of vasodilating antihypertensive drugs and P-adreno- 
ceptor agonists were shown to produce myocardial 
necrosis in laboratory animals as a result of these effects 
(Balazs & Bloom 1982). This development of lesions 
serves as a model for the cardiotoxicity of these drugs. 
By this means we tested representatives of the above 
classes of drugs, viz. hydralazine and prenalterol, when 
given alone and in combination for their cardiotonic 
effects in heavy rats and rabbits. 

Methods 
Thirty-two male Sprague-Dawley rats (4 to 5 months 
old) 500-600 g (heavy) were assigned to four groups of 
eight. The first three groups were each given a single 
injection, in saline, of hydralazine (10 mg kg-l s.c.), 
prenalterol (2 mg kg-1 s.c.) or a combination of these 
drugs (hydralazine being given 20 min before prenalte- 
rol). Rats of the fourth group received saline. An 
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additional four groups of rats, as described above, 
received the same treatment for 10 consecutive days. 
All rats were killed 48 h after treatment. 

In another experiment, 40 New Zealand white male 
rabbits (3-4 kg) were divided into 8 groups. Animals of 
the first group were given hydralazine 10 mg kg-l s.c.; 
the second, third and fourth groups received prenalterol 
0.3, 1 and 3 mg kg-1 s.c., respectively, and the next 
three groups received a combination of these drugs 
(hydralazine being given 20 min before prenalterol) at 
each of the above doses. The last group of rabbits 
received saline. All treatments were given for two 
consecutive days and the rabbits were killed 48 h after 
the second dose. 

Hearts from all animals were examined in-situ for 
gross lesions. They were fixed in 4% buffered formal- 
dehyde and processed by routine histological pro- 
cedures. 

Sections were cut at apical and mid-ventricular levels 
from rat hearts and from the atria, ventricles, papillary 
muscles and apex from rabbit hearts. They were stained 
by H & E or Masson’s trichrome method. Slides were 
examined by an investigator who had no knowledge of 
the treatment given to various groups of animals. Each 
section was judged on a scale of 0 to 4 according to the 
extent of the lesion: 0, no recognizable necrosis; 
1, minimal (<5%);  2, slight (5-1070); 3 ,  moderate 
(10-15y0); 4, severe (>15%). Data were analysed by 
Wilcoxon rank-sum statistics. 

Results 
All rats survived the treatments. Gross examination of 
hearts revealed no lesions. Histopathologically, varying 
degrees of myocardial lesions were observed in rats that 
received different treatments. Lesions were mainly seen 
at the apex, left ventricular walls and papillary muscles 
and were localized predominantly in the subendocardial 
layer of the free wall and septum of the left ventricle. 
Fresh lesions consisted of small foci or large areas of 
necrosis associated with interstitial oedema and inflam- 
matory cell infiltration. The necrotic muscle cells 
showed a loss of the normal pattern of cross striations. 
The incidence and degree of myocardial lesions in rats 
treated with single or multiple doses of hydralazine or 
prenalterol alone and in combination are summarized in 
Table 1. A single dose of hydralazine at 10 mg kg-1 
produced acute necrosis in 1 of the 8 rats with an 
average lesion score of 0.4. Single doses of prenalterol 
alone produced acute lesions in 2 of the 8 rats with a 
mean lesion score of 0.9. When single doses of these 
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Table 1. Incidence and degree of myocardial lesions in heavy rats (500-600 g) treated with a single or multiple doses 
(10 consecutive days) of hydralazine or prenalterol alone and in combination. 

Single dose Multiple doses 

Mean lesion gradea Mean lesion gradea 
Treatment No. of rats 
(mg kg-1 s.c.) with lesion score >2 Acute necrosis Acute necrosis Scar 
Saline 0/8 0 0 
Hydralazine (10) 118 0.4 0-1.5) 0 
Prenalterol(2) 2/8 0.9 i0.5-2.0) 0.2 (0-0.5) 
Hydralazineb (10) + prenalterol(2) I18 2.5c (0.5-4.0) 0.2 (0-0.5) 1.6 (0.5-3.5) 

a Each value, with its range in parentheses, represents the mean lesion grade from 8 hearts. Lesions were graded on a 

c Significantly different ( P  < 0.01) from values of groups given hydralazine or prenalterol alone. 

scale of 0-4. 0 = absent, 1 = minimal, 2 = slight, 3 = moderate, 4 = severe. 
Hydralazine was given 20 min before prenalterol administration. 

drugs were given in combination, 7 of the 8 rats showed 
acute myocardial necrosis; moreover, the severity of 
lesions was significantly increased, with an average 
lesion score of 2.5. Rats that received hydralazine or 
prenalterol alone or in combination for 10 consecutive 
days showed minimal or no acute necrosis; however, all 
of them had varying degrees of healed lesions (scars). 
These lesions consisted of collagen and fibroblasts with 
or without chronic inflammatory cells. The saline- 
treated rats did not have lesions. 

All rabbits also survived the treatments, and gross 
examination of hearts showed no lesions. Microscopic- 
ally, rabbits treated with hydralazine or graded doses 
of prenalterol alone produced only minimal myocardial 
lesions that were not significantly different from 
those seen in controls. Moreover, no enhancement of 
lesions was observed when these drugs were given in 
combination. 

Discussion 
The results of the present study indicate that the 
incidence and severity of acute myocardial necrosis 
were greatest when hydralazine and prenalterol were 
given in combination. This effect was observed only in 
heavy rats; no such enhancement was observed in 
rabbits. Balazs et a1 (1962) reported that rats weighing 
400400 g are more sensitive to the cardiotoxicity of 
isoprenaline than rats of 150-200 g body weight. We 
have previously shown that mortality, arrhythmia and 
myocardial lesion-inducing effects of isoprenaline were 
significantly enhanced by aminophylline in heavy rats 
and suggested that the heavy rat might be a sensitive 
model for studying cardiac interaction of such drug 
combinations (Joseph et al 1981). Whitehurst et a1 
(1983) also reported that the cardiotoxic effects of 
terbutaline in combination with aminophylline were 
more marked in heavy rats and that no such interaction 
was seen in rabbits. Data from the present study further 
confirmed the usefulness of the heavy rat as a suitable 
model for studies of this nature. 

The lack of development of fresh myocardial necrosis 
in rats treated for 10 consecutive days with each drug 
alone or in combination demonstrates the development 
of resistance to further necrogenic effects of the agents. 
Such a development of resistance in rats, which had 
been previously reported for isoprenaline (Balazs et al 
1972; Joseph et al 1983), may be attributable to an 
adaptive alteration of the myocardium. 

Although prenalterol is beneficial in the therapy of 
congestive heart failure (Tweddel et a1 1980; Doering et 
al 1982), it is reported to have certain arrhythmogenic 
properties (Leinberger et al 1982). Hydralazine, which 
is also used in the treatment of chronic congestive heart 
failure (Chatterjee et al 1976; Rubin et a1 1979), may 
provoke myocardial ischaemia with or without reflex 
tachycardia (Packer et a1 1978) and may even produce 
myocardial infarction in man (Nickerson 1965). It is 
conceivable that a P-adrenoceptor agonist like pren- 
alterol aggravates the adverse cardiac effects of hydra- 
lazine because its positive inotropic and chronotropic 
effects are superimposed on the hydralazine-induced 
hypotension and reflex tachycardia, thereby increasing 
the oxygen demand when the supply is reduced. 
Consequently, myocardial hypoxia develops, particul- 
arly in the least perfused subendocardial portion of the 
left ventricle. These events, along with other factors 
such as cyclic AMP activity, altered membrane per- 
meability, excessive intracellular calcium accumulation 
etc, could be responsible for the development of 
myocardial lesions. Considering the different sensitivi- 
ties of rats and rabbits, the results of our studies cannot 
be directly extrapolated to man; nevertheless the 
possibility of a cardiotoxic interaction should not be 
overlooked in the clinical use of these two classes of 
drugs in combination. 

We thank Dr Gordon Pledger, Division of Biometrics, 
FDA, for his assistance in the statistical analysis of the 
data and Dr Frederic R. Alleva, Division of Drug 
Biology, FDA, for his review of the manuscript. 



COMMUNICATIONS 697 

R E F E R E N C E S  

Balazs, T., Bloom, S. (1982) in: VanStee, E. W. (ed.) 
Cardiovascular Toxicology. Raven, New York, pp 199- 
219 

Balazs, T., Sahasrabudhe, M. R., Grice, H. C. (1962) 
Toxicol. Appl. Pharmacol. 4: 61?-620 

Balazs, T., Ohtake, S . ,  Noble, J. F. (1972) Ibid. 21: 
200-2 13 

Chatterjee, K., Parmley, W. W., Massie, B., Greenberg, 
B., Werner, J. ,  Klausner, S. ,  Norman, A. (1976) 
Circulation 54: 879-883 

Cohn, H. N., Franciosa, J. A. (1978) Am. J. Med. 65: 
181-188 

Doenng, W., Wauer, B., Isbary, J. (1982) Acta Med. 
Scand. (Suppl.) 659: 307-314 

Drexler, H., Lollgen, H., Just, H. (1981) Klin. 
Wochenschr. 59: 647-654 

Joseph, X., Bloom, S. ,  Pled er, G., Balazs, T. (1983) 
Toxicol. Appl. Pharmacol. !9: 199-205 

Leinberger, H., Maurer, W., Heueisen, H., Schuler, G., 
Kubler, W. (1982) Acta Med. Scand. (Suppl.) 659: 

Mikulic, E., Cohn, J. N., Franciosa, J. A. (1977) Circula- 
tion 56: 528-533 

Nickerson, M. (1965) in: Goodman, L. S. ,  Gilman, A. 
(eds) The Pharmacological Basis of Therapeutics. 3rd ed. 
Macmillan, New York, pp 716-736 

Packer, M., Meller, J., Gorlin, R., Teichholz, L., Herman, 
M. (1978) Am. J. Cardiol. 41: 398 

299-306 

Rubin, S. A., Chatterjee, K., Ports, T. A,, Gelberg, H. J., 
Brundage, B. H., Parmley, W. W. (1979) Ibid. 44: 
1183-1189 

Tweddel, A,, Bastian, B. C., Murray, R. G., Lawrie, 
T. D. V., Hutton, I. (1980) Circulation (Suppl. 111) 62: 
299 

Joseph, X.,  Whitehurst, V. E., Bloom, S. ,  Balazs, T. Whitehurst, V. E., Joseph, X.,  Hohman, J. R., Pledger, 
G., Balazs, T. (1983) J. Am. Coll. Toxicol. 2: 147-153 (1981) Fundam. Appl. Toxicol. 1: 443-447 

J. Pharm. Pharmacol. 1986, 38: 697-698 
Communicated March 10, 1986 

0 1986 J .  Pharm. Pharmacol. 

Optimizing the pentetrazol infusion test for seizure threshold 
measurement 

D. J. Nun*, S. C. TAYLOR, H. J. LITTLE, *University Department of Psychiatry, Warneford Hospital, Oxford OX3 7JXand 
University Department of Pharmacology, South Parks Road, Oxford, UK 

Seizure thresholds in mice were determined using the 
pentetrazol infusion method. Concentration of infusate and 
rate of infusion were vaned to assess the optimal paramet- 
ers for seizure threshold detection. Seizure threshold 
elevations were roduced by flurazepam and threshold 
decreases by FG $42. An infusion rate of 1.1 ml min-I was 
best for detecting both increases and decreases in thresh- 
old. However a concentration of 2.5 mg ml-’ gave optimal 
measurement of elevations in threshold whereas decreased 
thresholds were best detected with a concentration of 
10mg ml-1. 
Pentetrazol (leptazol, metrazol) is probably the most 
widely used convulsant for evaluating both the anticon- 
vulsant and proconvulsant effects of drugs. After its 
initial introduction into clinical practice as a substitute 
for camphor in the therapeutic production of seizures 
(Meduna & Friedman 1939) it was widely used in animal 
experiments (see Hahn 1960; Stone 1972). For many 
years the ‘metrazol’ test which used either i.p. or S.C. 
pentetrazol to produce seizures has been the primary 
screen for anticonvulsant activity in new pharmaceutical 
compounds. In addition, as the benzodiazepines were 
SO effective against pentetrazol effects, and the relative 
potency of these effects followed closely their clinical 
dosage (Randall & Kappell1973), the test was also used 
to screen for novel anti-anxiety compounds. Unfortu- 
nately the i.p. or S.C. routes of administration pose 
problems when pentetrazol is used in a more precise or 
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quantitative fashion than is generally the case with 
screening tests. For instance, we have shown that the 
variability of both seizure latency and incidence with 
i.p. pentetrazol made it difficult to use in evaluating the 
effects of electroconvulsive treatment on seizure suscep- 
tibility in rats (Nutt et a1 1980). In preference we 
developed an intravenous infusion method similar to 
that used previously by others (Orloff et a1 1949; Chen 
et al 1954; Hint & Richter 1958). This gave consistent 
and reliable values of seizure threshold, and was able to 
detect drug effects using many fewer animals than the 
earlier ED50 or CD50 tests (see Stone 1972). We have 
now calibrated the i.v. pentetrazol infusion in mice in an 
attempt to determine the optimal conditions of drug 
concentration and infusion rate for the detection of both 
elevations and reductions in seizure susceptibility. 

Methods 
Male Charles River CD, mice (3@-35 g) were used. 
Pentetrazol was dissolved in saline at concentrations of 
either 1,2.5 or 10 mg ml-1 and infused at different rates. 
Infusion rates used ranged from 0.138 to 1.1 ml min-l. 
Seizure threshold elevations (anticonvulsant effects) 
were produced by pretreatment with the water-soluble 
benzodiazepine, flurazepam, 10 mg kg-l given i.p. (10 
ml kg-1 in saline). Seizure threshold reductions (pro- 
convulsant effects) were produced by treatment with 
the P-carboline benzodiazepine receptor ligand FG 1742 
(ethyl ~-carboline-3-carboxylate methylamide; see 


