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I n the treatment of cardiovascular disease, such 
as hypertension and heart failure, minor meta- 
bolic side effects of the long-term pharmaco- 

logic treatment might be of importance. Thus, 
diuretics may jnduce a potentially’arrhythmogenic 
hypokalemial and have negative effects on the 
glucose metabolism, and both diuretics and l3 
blockers may have adverse effects on blood lipid 
levels2 that might increase the risk of coronary 
artery disease, despite the benefits provided by 
these drugs’ antihypertensive actions. In experimen- 
tal settings, an infusion of epinephrine given at a 
rate to obtain serum concentrations comparable to 
those seen in acute myocardial infarction has 
profound metabolic and electrocardiographic ef- 
fects that are known to facilitate the development 
of malignant ventricular arrhythmias.3 These ef- 
fects of epinephrine may be aggravated by some 
drugs commonly prescribed in cardiovascular disor- 
ders.” This study investigated the effects of pretreat- 
ment with hydrochlorothiazide, amiloride, and lisi- 
nopril on the response to an epinephrine infusion. 

were analyzed: potassium, magnesium, calcium, 
phosphate, urate, albumin, creatinine, and blood 
glucose. An electrocardiographic recording was 
made during the infusion and for the following 30 
minutes. The recordjng was analyzed for heart 
rate, T-wave amplitude, QRS duration, and QT 
interval. Systolic and diastolic (phase V) blood 
pressures were also determined. 

Prior to the epinephrine infusion, the volun- 
teers were pretreated in random order for 14 days 
with: (1) placebo, (2) hydrochlorothiazide (HCTZ) 
50 mg daily, (3) amiloride 10 mg daily, and (4) 
lisinopril 20 mg daily. Each volunteer received all 
of the pretreatments (Latin square design). 

The results were expressed as mean +: standard 
deviation. For statistical analysis, a multivariate 
analysis of variance for repeated measurements 
(MANOVA) was used with time during epineph- 
rine infusion and the various pretreatments as 
within-subject factors. 

RESULTS 

METHODS 
On 4 separate occasions, each separated by 2 4 

weeks, 12 healthy male volunteers, aged 23-38 
years (mean 28.8), received an infusion of epineph- 
rine (0.05 pg/min/kg body weight over 120 min- 
utes). The infusion was given in a cannulated 
antecubital vein with the volunteer in the supine 
position, and all infusions were started at 1:00 P.M. 

From an indwelling catheter in the opposite arm, 
blood was drawn 15 minutes before epinephrine 
infusion, at the start of epinephrine infusion, and 
subsequently at 15minute intervals, until 30 min- 
utes after the infusion. The following serum values 
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The results in Table I show that the epinephrine 
induced a decrease in serum potassium, calcium, 
and magnesium that was similar for all pretreat- 
ment groups. Because of the potassium-lowering 
effect of HCTZ, determined before the start of the 
epinephrine infusion, the lowest serum potassium 
(2.98 + 0.37) was seen after pretreatment with 
HCTZ. A significant interaction was found be- 
tween the effect of the epinephrine and the various 
pretreatments on blood glucose, with a greater 
increase in blood glucose during epinephrine jnfu- 
sion after HCTZ than after placebo. After pretreat- 
ment with lisinoprjl, blood glucose increased less 
during epinephrine infusion than after the other 
pretreatments, although the difference was not 
statistically significant when compared with pla- 
cebo. However, when lisinopril was compared with 
the diuretics, it was found that both HCTZ 
(p <O.OOl) and amiloride (p <O.Ol) accentuated 
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TABLE I Change in Metabolic Parameters Just Before and After 120 minutes of Epinephrine 

Serum potassium fmmol/liter) 

Serum magnesium (mmol/liter) 

Serum calcium (mmol/liter) 

Serum phosphate (mmol/liter) 

Serum urate (~moliliter) 

Serum creatinine (~mol/liter) 

Serum albumin (g/liter) 

Blood glucose fmmol/liter) 

Epinephrine 
Infusion 

Before 
After 

Before 
After 

Before 
After 

Before 
After 

Before 

After 

Before 
After 

Before 
After 

Before 
After 

Placebo 

4.03 2. 0.21 
3.39 2 0.31 

0.847 + 0.07 
0.784 2 0.05 

2.38 + 0.07 
2.31 2 0.11 

1.16 2 0.16 
0.92 f 0.15 

350.33 2 43.79 
348.67 f 52.27 

105.25 2 19.92 
112.25 k 15.60 

39.92 f 1.88 
39.67 + 2.54 

4.58 r 0.68 

8.56 2 1.88 

Hydrochlorothiazide 

3.51 2 0.33 
2.98 5 0.37 

0.845 +- 0.08 
0.787 2 0.08 

2.44 k 0.08 
2.33 + 0.11 

1.16 2 0.15 
0.82 lr 0.16 

428.08 t 56.16 
418.92 + 60.50 

105.75 zk 13.28 
118.25 t 15.18 

41.58 ? 2.07 
39.75 f 1.55 

4.51 +- 0.70 

9.44 f 2.50 

Amiloride 

4.13 ” 0.38 

3.52 t 0.34 

0.837 t 0.06 
0.773 t 0.05 

2.40 + 0.11 
2.28 + 0.08 

1.12 f 0.16 
0.96 + 0.15 

343.92 f 40.42 
340.42 f 39.22 

104.25 k 8.44 
113.08 f 13.31 

40.25 k 1.82 
39.00 2 1.48 

4.58 f 0.76 
9.44 + 1.62 

Lisinopril 

4.14 f 0.23 
3.53 -+ 0.24 

0.839 +- 0.06 
0.783 + 0.06 

2.39 k 0.11 
2.31 I 0.09 

1.08 2 0.14 
0.96 2 0.13 

360.83 k 51.65 
353.42 t- 48.86 

100.00 r 9.73 
111.92 c 11.95 

40.25 2 2.73 
39.42 -c 2.54 

4.60 t 0.89 
8.23 f 1.60 

the epinephrine-induced increase in blood glucose. 
Lisinopril pretreatment also significantly modified 
the epinephrine-induced changes in serum phos- 
phate (p < O.OOl), resulting in a significantly smaller 
decrease in serum phosphate during epinephrine 
infusion than after pretreatment with placebo or 
HCTZ. 

Epinephrine caused significant increases in heart 
rate and systolic blood pressure and a decrease in 
diastolic blood pressure. These effects of epineph- 
rine were not significantly modified by the various 
pretreatments. 

During epinephrine infusion, significant prolon- 
gations of the QRS and the QT, durations and a 
flattening of the T-wave amplitude were seen, but 
these responses were not significantly modified by 
the pretreatments. On the other hand, the QT, 
interval at baseline before epinephrine infusion 
was significantly prolonged after HCTZ compared 
with placebo, and also after HCTZ, the QRS 
duration was significantly longer before epineph- 

rine than after pretreatment with amiloride or 
lisinopril. 

CONCLUSION 
These results, although they are obtained in 

normal subjects in an experimental setting, suggest 
that angiotensin-converting enzyme (ACE) inhibi- 
tors may have certain metabolic advantages over 
diuretics, and they might lend support to use of 
ACE inhibitors as first-line drugs in mild hyperten- 
sion and at an early stage in heart failure. 
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A SYMPOSIUM: HEART FAILURE MANAGEMENT MAC 


