
739BRITISH MEDICAL JOURNAL 26 JUNE 1971
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Summary

Three pharmacological agents in use as "potassium-
sparing" drugs have been tested by serial measurements
of total exchangeable potassium (KE) during 4 to 12
weeks of oral diuretic therapy in hypertensive subjects.
Triamterene seemed ineffective in the dosage used
(50 mg twice daily). Spironolactone (25 mg twice daily)
reduced K loss to a considerable extent, while Slow-K
(32 mEq daily) completely reversed previous KE deficits.
Plasma K levels were a poor indication of degree of KE
restoration.

Introduction

Depletion of body potassium during oral diuretic therapy may
theoretically be prevented by a number of therapeutic agents.
In practice, however, the efficacy of these procedures remains
in doubt, being based mostly on occasional measurements of
serum potassium without reference to external balance or
whole body stores. Since we recently found a significant
decrease in total exchangeable potassium (KE) in hypertensive
subjects taking oral chlorthalidone (Healy et al., 1970) we
decided to investigate the potassium restorative effect, if any,
of three commonly used therapeutic preparations in this type of
subject. The agents chosen were: (1) a "potassium-sparing"
diuretic, triamterene (Dytac), (2) an aldosterone antagonist,
spironolactone (Aldactone-A), and (3) oral potassium supple-
mentation with Slow-K tablets.

Subjects and Methods

Studies were performed on 23 hypertensive subjects with good
renal function. An arbitrary assessment of "essential" hyper-
tension was made as previously described (Healy et al., 1970).
The initial pretherapy values of the subjects studied are sum-
marized in Table I. The methods of determining exchangeable
sodium (NaE), exchangeable potassium (KE), plasma potassium
(Kp), and mean blood pressure have been previously described
as were the statistical methods used (Healy et al., 1970). In the
intervals between measurements each subject carried on a
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normal outpatient life with no restrictions on dietary intake
other than the elimination of free added salt at table.

The subjects were divided randomly into three groups as
follows:

Chlorthalidone with Triamterene (C. + T.).-Chlorthalidone 100
mg orally on alternate days and triamterene 50 mg orally twice daily
were given to six subjects (three male and three female). KE, NaE,
and Kp measurements were made before therapy, at 3-6 weeks
(mean 4), and at 8-11 weeks (mean 9) after starting therapy.

Chlorthalidone with Spironolactone (C. + S.).-Chlorthalidone
100 mg on alternate days and spironolactone 25 mg twice daily were
given orally to 10 subjects (five females and five males). KE, Kp,
and mean B.P. measurements were made before therapy and at
5-8 (mean 7) and 11-14 (mean 12 5) weeks after starting therapy.
Two subjects were not maintained on spironolactone beyond the
12th week because of painful gynaecomastia.

Chlorthalidone with Slow-K (C. + K.).-Seven subjects (three
female and four male) who had been on chlorthalidone therapy alone
for 8-15 weeks (mean 11) were studied. These subjects had lost
more than 6% of their total body potassium as assessed by serial KE
measurements (see Table II of previous communication Healy et al.,
1970). Slow-K tablets each containing 8 mEq of potassium as
potassium chloride were given to these subjects for an additional
5-15 weeks (mean 11), while chlorthalidone therapy was continued.
Each patient received two Slow-K tablets twice daily (32 mEq K+
daily). KE measurement was repeated in each subject at the end of
this time.

Results

Group C. + T.-The mean alterations with S. D. in KE,
KE/kg body weight, Kp, and mean B.P. at 3-6 and 8-11 weeks
in six subjects are summarized in Table II. NaE changes are
included for five subjects. All measurements decreased sig-
nificantly with the exception of NaE at 3-6 weeks. The degree of
change in KE, KE/kg body weight, and Kp in subjects treated
with chlorthalidone alone in the initial part of this study
(Healy et al., 1970) is compared with these subjects in Table V.
No difference is seen in the two groups. K loss apparently
increased with the duration of study in both groups.

Group C. + S.-The mean alterations with S. D. in KE,
KE/kg body weight, Kp, and mean B.P. at 5-8 and 11-14 weeks
in 10 subjects are summarized in Table III. Comparison between
these alterations and those induced by chlorthalidone alone are
made in Table V. The magnitude of the potassium loss in this
group was considerably less than that in the other groups studied.
The variance within all groups was such that no statistically
valid statement can be made on whether the addition of spirono-
lactone to chlorthalidone prevents the potassium depletion
which occurs with this latter drug. The results, however, are
strongly suggestive that this is so. Mean B.P. fell significantly
at 11-14 weeks.

Group C. + K.-The mean alterations with S. D. in KE,
KE/kg body weight, Kp, and B.P. are summarized in Table IV.
All patients who had suffered substantial losses of potassium
before the addition of Slow-K increased their KE to within
normal limits, while mean B.P. continued to fall during the
period of study. The mean Kp rise, however, was marginal
(0-2 mEq/l.) and control levels were not achieved.
No clinical signs or symptoms of K+ deficiency were noted

in any of the subjects of this study.
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TABLE i-Pretherapy Values in the 23 Subjects Studied
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Group C. + T. Group C. + S. Group C. + K.

Range Mean Range [ Mean Range Mean

Age 32-56 47 28-65 56 47-63 53
Ccr (ml/min) 75-145 102 54-116 82 80-124 102
Kp (mEq/1.) 3-4-4-0 3-7 2-8-4-4 4-0 3-35-4-3 3-9
KE (mEq) .1850-3940 2913 1220-3810 2761 1727-2993 2449
K/fkg (mEq) 29-5 44-7 40-7 24-9-47-4 35-6 28-8-48-4 37-0
B.P. (mm Hg):

Systolic. 160-230 190 140-210 172 150-230 180
Diastolic .90-140 115 90-130 108 90-120 110

Mean .130-185 160 115-170 140 120-170 145

TABLE u1-Mean Alterations with Standard Deviations Induced by Combined Chlorthalidone and Triamterene Therapy (C. + T.)

Change at 3-6 Weeks Change at 8-11 Weeks No. in Group

K1 (mEq) .-228 + 189 P <0-05 -337 + 91 P <0-001 6
Kakg(m.Eq). -2-85 + 3-02 P <0-05 -4-03 + 2-15P <0-01 6
Kp (mEq/l.). - 0-6 + 0-28 P <0-01 - 0-56 + 0-14 P <0 001 6
Mean B.P. (mm Hg). -20-0 + 16 P <0-05 -25-0 + 26 P <0-05 6
NaE (mEq) .-238 ± 268P <0 10 -320 ± 206 P <0-05 5

TABLE III-Mean Alterations with Standard Deviations Induced by Combined Chlorthalidone and Spironolactone Therapy (C. + S.)

Change at 5-8 Weeks Change at 11-14 Weeks No. in Group

KE (mEq). -67 + 397 P <0 35 -62 + 358 P <0-30 10
KE/kg (mEq). +0-7 + 5-1 P <0-35 +0-6 + 4-5 P <0-40 10

Kp(mEq/1.) .-0-11 ± 0-34 P <0-20 -0-27 + 0-43 P <0-10 9
B.P. (mm Hg) 8 ± 16 P <010 14 ± 22 P <0 05 10

TABLE Iv-Mean Alterations with Standard Deviations Induced by Slow-K Administration in Chlorthalidone-treated Subjects Compared with Pretherapy Values

Mean Change 8-15 Weeks Mean Change 5-15 Weeks
on Diuretic on Diuretic + Slow-K No. in Group

Ka (mEq) .-. -354 + 404 P <0-05 +47 + 124 N.S. 7
KE/kg (mEq). -5-69 + 5-72 P <005 -0-97 + 3-54 N.S. 7
Kp (mEq/1.) . . -0-62 + 0-56 P <0 05 -0-42 + 0-64 P <0-10 5
Mean B.P. (mm Hg). -10 + 10 P <0-05 -16 + 9 P <0-01 7

TABLE v-Comparison of Mean Alterations and Standard Deviations during Therapy with Chlorthalidone and Triamterene (C. + T.), Chlorthalidone and
Spironolactone (C. + S.), and Chlorthalidone Alone

Chlorthalidone + Triamterene Chlorthalidone + Spiranolactone

KE change at 3-6 weeks . .

KE change at 8-15 weeksa .
Kp change at 3-6 weeks . .

Kp change at 8-15* weeks . .

No. in group ..

-236 + 486P <0-10
-317 + 361 P <0-01
- 0-49 + 0-45 P <0-01
-0-65 + 0-47 P <0-0005

13

- 228 _ 189 P <0-05
- 337 + 91 P <0-001
-0-6 + 0-28 P <0-01
- 0-56 ± 0-14 P <0-001

6

- 67 + 397P <O-35t
-62 + 358 P<0-30t
- 0-1 ±+0-34 P <0-20tt
-0-27 ± 0-43 P <0-10

10

*8-11 weeks for chlorthalidone and triamterene.
t5-8 and 11-14 weeks for chlorthalidone and spironolactone.
$N = 9.

Discussion

Wiebelhaus et al. (1961) originally described triamterene as a
potent diuretic, which produced a sodium diuresis with little K
loss in aldosterone-loaded dogs. Since then considerable
interest has been shown in this agent as a means of preventing
diuretic-induced K+ loss in human subjects. Cattell and
Havard (1962) and Wener et al. (1965) deduced from their
short-term studies that the kaliuretic effect of hydrochloro-
thiazide was diminished by the addition of triamterene. Talso
et al. (1963) administered triamterene 150 mg daily to subjects
with familial periodic paralysis and noted a marginal rise in KE
and fall in NaE. No other study of this agent has been per-
formed with serial KE estimations. We therefore have no data
on the possible efficacy of triamterene as a long-term potassium-
sparing diuretic agent when administered alone. Given in com-
bination, however, as is customary with this weak diuretic
substance, the present data indicate that significant and equal

KE reduction occurred in subjects treated with both chlorthali-
done and chlorthalidone plus triamterene. The decrease shown
in NaE is of interest in that it seemed to be progressive from
3-6 to 8-11 weeks, and this was the reverse of the pattern
previously seen with chlorthalidone therapy alone. Whereas
the hypotensive effect of diuretic agents is unlikely to be related
simply to the diminution in NaE (Healy et al., 1970), a main-
tained or progressive diminution in total exchangeable sodium
would nevertheless be theoretically desirable in a number of
situations, including chronic congestive heart failure, the
nephrotic syndrome, and idiopathic hypercalciuria.
Edmonds and Wilson (1960) postulated that K+ deficiency in

diuretic-treated subjects might be due to secondary hyperaldo-
steronism resulting from concomitant sodium depletion.
Gifford et al. (1961) found no such increase, however, in
urinary aldosterone excretion in nine subjects despite reduction
in plasma volume and (in one case) NaE. In pursuance of this

I
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concept spironolactone, an aldosterone antagonist, has been
recommended as a therapeutic agent since any potassium-sparing
effect, in combination with its known hypotensive properties
(Grieble and Johnston, 1962; Hollander, 1963) would theoreti-
cally be of especial value in the management of hypertensive
patients. Hollander (1963) noted a rise in Kp in thiazide-
treated subjects when spironolactone was added. In a different
context Talso et al. (1963) showed a suggestive increase in KE
with spironolactone therapy in five subjects with periodic
paralysis. Our results show that while some KE reduction does
occur in subjects given spironolactone with chlorthalidone, the
magnitude of this loss does not appear to be as great as in
subjects treated with chlorthalidone alone.

Prescription of potassium chloride as a prophylactic measure
to subjects on long-term diuretic therapy is not universally
accepted. There is evidence that combined thiazide and enteric-
coated potassium preparations may cause small-bowel ulceration
and stricture formation (Lindholmer et al., 1964; Lawrason et al.,
1965; Morgenstern et al., 1965). Myers et al. (1967) studied the
effects of high intraluminal K+ concentration in loops of small
intestine at operation and found evidence of cellular injury
throughout the bowel wall.

Slow-K, a non-enteric-coated preparation, is stated by the
manufacturers (Ciba) to cause a gradual release of potassium
from its resin core. It contains potassium as the chloride salt,
since coincident chloride deficiency has been shown to prevent
full K repletion (Gulyassy et al., 1962). The results show that
the addition of Slow-K to subjects on continued chlorthalidone
therapy effectively repletes body stores of K without reversal of
the hypotensive effects.
These results are not strictly comparable with the C. + T.

and C. + S. groups in that the potassium-sparing agent was not
added until KE depletion had been established by previous
diuretic administration for 8-15 weeks. They nevertheless
provide a useful index of the response to be expected in subjects
already on therapy who are found to be hypokalaemic. It
should be noted, however, that subsequent effective replace-
ment of body K content is not reflected in restoration to normal
of the lowered plasma concentration (Table IV). This provides
an interesting, though frustrating, further indication of the
lack of correspondence of these two indices as previously noted
(Moore et al., 1963; Healy et al., 1970).

No subject in this study developed significant symptoms that
could be ascribed to K deficiency. In our previous study also
(Healy et al., 1970) urinary concentration and acidification as
well as glucose tolerance and plasma insulin levels remained
unaltered. While there is therefore no compelling evidence
that potassium should be added as a routine prophylactic
measure in this type of subject, the avoidance of K depletion
may be important in other situations such as hepatic cirrhosis,
diabetes mellitus (Wolff and Parmley, 1964), or subjects
receiving digitalis preparations (Friedberg, 1966). Either
spironolactone or Slow-K would seem to be effective agents.
The absence of side-effects and smaller cost of Slow-K therapy
appear to make it the treatment of choice.

We are indebted to Dr. J. G. Domenet for his interest and advice
and to Sister F. Osborne and the staff of the metabolic unit. This
study was supported by the Medical Research Council of Ireland.
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In-vivo Response of the Human Uterus to Orciprenaline in
Early Labour
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Summary

The effect of orciprenaline on uterine activity in 10
women in early induced labour at term with intact
membranes was studied. Nine had uterine contractions
in response to intravenous oxytocin and one to prosta-
glandin E.. The Inhibition of uterine contractility was
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dose-dependent. The effective dose varied between 10
and 20 ,ug/minute. Tachyphylaxis was not observed. The
only significant effects noted in the mother were tachy-
cardia and increased pulse pressure and in the fetus a
smaller increase in heart rate.

Introduction

Orciprenaline, a resorcyl ethanolamune and beta-adrenergic
stimulant, has been shown to stop uterine contractions and
possibly to be effective in the treatment of premature labour
(Baillie et al., 1970). In that study clinical considerations
required that therapeutic levels be attained rapidly. The
uterine response to varying doses of orciprine and, more
especially, to the presence or absence of tachyphylaxis was not


