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Sixteen patients (mean age 66 years) with mild 
to moderate hypertension were treated with ei- 
ther diltiazem or hydrochlorothiazide for 6 
weeks, followed by enalapril for a further 6 
weeks. A second group of 40 patients (mean age 
71 years) was treated with either hydrochloro- 
thiazide or enalapril for 12 weeks; nonre- 
sponders received both drugs for 8 weeks. 
Treatment with hydrochlorothiazide or enalapril 
resulted in a lowering of systolic and diastolic 
blood pressures, but diastolic pressure was low- 
er in patients treated with enalapril(89 f 2 and 
82 f 2 mm Hg, respectively; p <O.OS). Treat- 
ment with diltiazem resulted in a decrease in dia- 
stolic pressure only. Treatment with hydrochlo- 
rothiazide resulted in a 17% decrease in serum 
potassium (p <O.OS), which returned to normal 
when enalapril was substituted. Hydrochlorothi- 
azide also produced a 23% decrease in mononu- 
clear cell sodium content at 4 weeks (p <O.Ol), 
with a further 15% decrease at 12 weeks (p 
<O.OS). Mononuclear cell potassium and magne- 
sium also decreased at 12 weeks by 18 and 
16% respectively (p <0.05). All these effects 
were reversed when enalapril was substituted. A 
similar pattern of events was seen with diltia- 
zem, which was again reversed with enalapril. 
Finally, there was no relation between changes 
in mononuclear cell sodium or other cation con- 
tent and changes in blood pressure. 

(Am J Cardiol 1961;68:1357-1361) 
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P 
rolonged diuretic therapy in hypertensive pa- 
tients’ and after myocardial infarction2 reduces 
both and the potassium and magnesium contents 

in mononuclear cells. It is not clear whether there is a 
true physiologic relation between changes in intracellu- 
lar electrolyte content and changes in blood pressure, or 
whether such changes are a response to other pharma- 
cologic factors. We attempted to examine such rela- 
tions in a clinically relevant situation by studying the 
time-related response to 3 pharmacologically different 
antihypertensive agents. In addition, we studied the ef- 
fect of the newer agents on intracellular electrolyte con- 
tent in elderly patients. 

The purpose of this study was to: (1) compare the 
effects of a calcium antagonist (diltiazem), a converting 
enzyme inhibitor (enalapril) and a thiazide diuretic 
(hydrochlorothiazide) on the mononuclear cell content 
of electrolytes in elderly patients (aged 160) with mild 
to moderate hypertension; (2) determine whether treat- 
ment with enalapril, alone or in combination with hy- 
drochlorothiazide, would reverse any changes in intra- 
cellular electrolyte content produced by either hydro- 
chlorothiazide or diltiazem alone; and (3) determine 
what extent changes in blood pressure in response to 
single or combination therapy could be related to 
changes in intracellular electrolyte content. 

METHODS 
Two separate studies were performed on 2 different 

groups of geriatric patients with mild to moderate es- 
sential hypertension. Exclusion criteria included: dia- 
stolic pressure 2 120 mm Hg; ongoing diuretic therapy 
for cardiac failure; contraindications for therapy with 
any 1 of the 3 drugs in question; unstable angina pecto- 
ris, or recent (1 month) history of myocardial infarction 
or stroke; and blood urea nitrogen 240 mg/dl. The 
studies were approved by the Hospital Helsinki Com- 
mittee, and all patients gave written informed consent. 

In both studies, all treatment with antihypertensive 
drugs, diuretics, calcium antagonists or converting en- 
zyme inhibitors were stopped for a period of 2 weeks. 
Supine blood pressure was measured weekly in the 
same arm. Patients with diastolic pressure 195 mm Hg 
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at the end of this period were included in the study. 
Venous blood was withdrawn for routine hematology 
and biochemistry. In particular, blood samples were ob- 
tained for the measurement of sodium, potassium, 
magnesium and calcium in both the serum and the mo- 
nonuclear cells3 In the first study blood was withdrawn 
on entry, and again at 6 and 12 weeks; in the second 
study, on entry, and again at 4 and 12 weeks. 

Study protocol: STUDY 1: Patients who met the ad- 
mission criteria at the end of the washout period were 
computer-randomized in 2 groups to receive either hy- 
drochlorothiazide or diltiazem for 6 weeks, the daily 
dose of the drug being titrated to achieve a diastolic 
pressure 190 mm Hg. Average daily dose of the 2 
drugs was 25 and 240 mg, respectively. At the end of 6 
weeks, all patients were treated wit,h enalapril only for a 
further 6 weeks, again titrated to keep the diastolic 
pressure 590 mm Hg. Average daily dose was 10 mg. 

STUDY 2: In this study patients who met the admis- 
sion criteria at the end of the washout period were ran- 

domized into group A (hydrochlorothiazide) or B (ena- 
lapril). Treatment was initially for 4 weeks during 
which the daily dose of either drug was increased week- 
ly to a maximum of 25 and 20 mg, respectively, aiming 
at achieving a diastolic blood pressure 190 mm Hg. 
Patients whose blood pressure did not reach. this level at 
the end of 4 weeks were classified as “nonresponders” 
and formed a third group (C) to receive both enalapril 
(10 mg daily) and hydrochlorothiazide (12.5 mg). The 
treatments for both groups of “responders” (A and B) 
and for the group of nonresponders (C) were then con- 
tinued for a further 8 weeks. 

Statistical analysis was performed using Student’s t 
test for paired and unpaired observations. 

RESULTS 
Study 1: Sixteen patients constituted this study (8 

patients per group). Mean age was 68 years (range 66 
to 74) for patients in group 1 (hydrochlorothiazide), 
and 72 years (range 65 to 80) for group 2 (diltiazem). 
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FIGURE 1. Blood pressure 
and mononudear cell cation 
levels in patients treated with 
either hydrechlorotldazjde or 
diltiazem for 6 weeks, fol- 
lowed by enalapril for 6 
weeks. 
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Study 2: Forty patients constituted this study (19 in 
group A, 8 men and 11 women, average age 71 years 
[range 6 1 to $71, and 21 in group B, 11 men and 10 
women, average age 73 years [range 63 to 851). Thir- 
teen patients (5 from group A and 8 from B, 3 men 
and 10 women, average age 70 years [range 61 to 841) 
were nonresponders (C). Thus, 14 patients completed 
the study on hydrochlorothiazide, 13 on enalapril and 
13 on both drugs. 

Effest on blood pressure: STUDY 1: The effects on 
blood pressure are shown in Figure 1. Treatment with 
diltiazem resulted in a significant decrease in diastolic 
pressure only (162 f 4/101 f 2 to 156 f 4/82 f 10 
mm Hg; p <0.05), whereas systolic and diastolic pres- 
sures were reduced with hydrochlorothiazide (158 f 
5/101 f 2 to 144 f 5/89 f 3 mm Hg; p <O.OOl). 
When enalapril was substituted for these 2 drugs, sys- 
tolic pressure in patients previously receiving diltiazem 
decreased significantly ( 156 f 4 to 149 f 3 mm Hg; p 
<0.05) with no further change in diastolic pressure. 
There was no change in blood pressure in the group 
who had previously received hydrochlorothiazide. 

STUDY 2: Blood pressure decreased in groups A (hy- 
drochlorothiazide) and B (enalapril) after 4 weeks (184 
f 3/108 f 2 to 156 f 4/94 f 2, and 190 f 4/110 f 
1 to 163 f 4/94 f 2 mm Hg, respectively; p <O.OOl) 

FIGURE 2. Blood pressure and mo- 
tmonuckar cell cation lfwels in pa- 
tients treated with either hydrochb 
rolhhzide or enalapfil for 12 
WeekSi 

1 
TABLE I Mononuclear Cation Content (fmolicell; mean k SE) 
in 56 Patients with Mild to Moderate Hypertension and in 11 
Control Subjects 

Control Subjects Pts. with Hypertension 

Sodium 3.33 c 0.37 3.08 10.17 
Potassium 40.2 f 3.7 42.7 2 2.0 
Magnesium 3.99 + 0.33 3.90 L 0.12 
Calcium 3.22 t 0.37* 2.96 2 0.13* 

*p <0.05. 
SE = standard error. 

, 

with no further decrease after 12 weeks (Figure 2). 
However, after 12 weeks, group B had a significantly 
lower diastolic pressure than A (82 f 2 vs 89 f 2 mm 
Hg; p <O.OS). Blood pressure decreased in group C 
(nonresponders) after 8 weeks of combined therapy 
(group A: 180 f 3/98 f 8 to 158 f 5/92 f 3 mm 
Hg; and group B: 181 f 2/100 f 4 to 163 f 3/94 f 
2 mm Hg; p <O.OOl). 

Serum values: STUDY 1: No changes were seen 
throughout the study in serum glucose, blood urea ni- 
trogen, creatinine or cholesterol with either diltiazem or 
enalapril. At 6 weeks patients receiving hydrochloro- 
thiazide had a 28% increase in serum uric acid (p 
<O.OOl) that returned to normal when enalapril was 
substituted (p <O.OOS). Serum potassium decreased by 
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17% (p <0.05) after 6 weeks in patients receiving hy- 
drochlorothiazide, and also returned to normal when 
enalapril was substituted (p <0.05). 

STUDY 2: Patients receiving hydrochlorothiazide for 
12 weeks also had a 17% increase in serum uric acid (p 
<O.OS), whereas those with combined therapy did not. 
No changes in serum electrolytes were observed. 

Mononuclear cells: Table I shows that there was no 
significant difference in the mononuclear cell content of 
sodium, potassium, magnesium or calcium between the 
56 mild to moderate hypertensive patients before treat- 
ment and an age-matched group of 11 normotensive 
control subjects. 

STUDY I (FIGURE 1): The mononuclear cell sodium 
content decreased by 37% in patients receiving hydro- 
chlorothiazide (p <O.Ol ), returning to normal when 
enalapril was substituted. There was an 18% reduction 
in intracellular sodium in patients receiving diltiazem, 

but this was not statistically significant. There was also 
a trend for mononuclear cell potassium, magnesium or 
calcium to decrease during 6 weeks of therapy with hy- 
drochlorothiazide or diltiazem; this was reversed with 
enalapril. 

STUDY 2 (FIGURE 2): The mononuclear cell sodium 
content decreased by 23% at 4 weeks (p <O.Ol) with a 
further 16% decrease at 12 weeks (p <0.05). Similarly, 
both intracellular potassium and magnesium decreased 
at 12 weeks (18 and 16%, respectively; p <0.05). 
Treatment with enalapril resulted in a 37% increase in 
intracellular calcium at 4 weeks (p <0.05) with a fur- 
ther but nonsignificant increase at 12 weeks. Magne- 
sium increased by 15% at 12 weeks (p <O.Ol ). 

NONRESPONDERS (FIGURES): Patients receiving hydro- 
chlorothiazide had a 26% reduction in mononuclear cell 
sodium content (p <0.06). In combination with enala- 
pril, this trend was reversed, and mononuclear cell po- 
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FIGURE 3. Blood pressure 
and mononuclear cell cation 
levds in patients treated with 
either hydrochlorothiazide or 
enalapril for 4 weeks. Be- 
cause blood pressure did not 
decrease, patients were then 
treated with a combination of 
both drugs for a further B 
weeks. 
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tassium content was also increased. Opposite trends 
were seen in patients who received enalapril before hy- 
drochlorothiazide. 

DISCUSSION 
Patients with severe heart failure treated with enala- 

pril for 12 weeks have no change in their mononucle- 
ar cell cation content,4 and Enalapril also reverses hy- 
drochlorothiazide-induced hypokalemia.5>6 The present 
study shows that treatment with enalapril reverses the 
hydrochlorothiazide-induced loss of intracellular cat- 
ions. This is true whether Enalapril was substituted for 
(Figure 1) or combined with (Figure 3) hydrochlorothi- 
azide. In a preliminary study Malini et al7 showed that 
a combination of enalapril and a thiazide diuretic pre- 
vents the reduction in mononuclear cell magnesium 
content seen with the thiazide diuretic alone. 

Our study also shows that enalapril alone or in com- 
bination with a diuretic can produce adequate reduc- 
tion of blood pressure without affecting intracellular 
cation content. Most striking is the reversal of the thia- 
zide-induced decrease in intracellular sodium content 
by enalapril (Figure 1) with no concomitant increase in 
blood pressure. Furthermore, no consistent relation was 
found between changes in intracellular cation content 
and blood pressure. Araoye et al* have also shown that 
decreasing blood pressure does not affect intracellular 
cation content. Therefore, it is difficult to explain the 
changes in intracellular content as either a cause or an 
effect of changes in blood pressure. 

It has been suggested that elderly hypertensive pa- 
tients are less sensitive to converting enzyme inhibitors.9 

The results of both our studies show that in an elderly 
group of mild to moderate hypertensive patients, all 3 
drugs were successful in reducing blood pressure, with 
>75% of these patients requiring only single drug ther- 
apy. All 3 drugs were well-tolerated with no side ef- 
fects. In particular, the effect of combined therapy with 
enalapril and hydrochlorothiazide produced a signifi- 
cant reduction in blood pressure without any adverse 
effects on intracellular cation content. 
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