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Abstract

In a randomized, double-blind, placebo-controlled trial, we investigated antihyper-
tensive treatment effect of a quadruple single-pill combination of reserpine 0.1 mg,
dihydralazine 12.5 mg, hydrochlorothiazide 12.5 mg, and triamterene 12.5 mg, and
changes in plasma levels of monoamine neurotransmitters (serotonin, norepineph-
rine, and dopamine) in patients with grade 1 hypertension. Eligible patients with a
systolic/diastolic blood pressure (BP, average of six readings at two clinic visits dur-
ing a 4-week run-in period) of 140-159/90-99 mmHg were randomly assigned to the
quadruple combination (n = 30) or placebo (n = 30). The randomized patients were
instructed to take a pill of the combination or placebo once daily and followed up
at 4, 8, and 12 weeks, respectively. Monoamine neurotransmitters were measured
at baseline and 12 weeks of follow-up. After 12-week treatment, systolic/diastolic
BP significantly (p < .0001) decreased from 140.8 + 7.9/89.5 + 7.5 mmHg at baseline
by 9.8 + 1.8/6.4 + 1.3 mmHg in the combination group. The corresponding values in
the placebo group were 141.3 £ 7.9/90.3 £ 7.3 mmHg and 5.2 + 1.8/0.4 + 1.3 mmHg,
respectively. The between-group differences in systolic/diastolic BP changes were
-4.6/-6.0 mmHg (95% Cl, -9.7 to 0.6/-9.7 to 2.2 mmHg, p < .08). The control rate
of hypertension was higher in the combination than placebo group (63.3% vs. 16.7%,
p = .0002). Plasma serotonin, but not norepinephrine or dopamine, changed in both
treatment and placebo groups (p < .01). Nonetheless, plasma norepinephrine tended
to decrease in the treatment group (-34.4 pg/ml, p = .09). Adverse events occurred
in 5 (16.7%) and 3 (10.0%) patients in the combination and placebo groups, respec-
tively. Our study showed that the quadruple combination reduced BP and caused

some changes in plasma neurotransmitters.
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1 | INTRODUCTION

Current hypertension guidelines unequivocally recommend the use
of combination therapy in the management of hypertension, prefer-
ably in single-pill formulations.>™ In China, few single-pill combina-
tion drugs of newer agents, such as angiotensin receptor blockers
or angiotensin-converting enzyme inhibitors with a calcium-channel
blocker, have been readily available. There is a quadruple single-pill
combination of reserpine 0.1 mg, dihydralazine 12.5 mg, hydro-
chlorothiazide 12.5 mg, and triamterene 12.5 mg, which has been
used for nearly 40 years and is still commonly used in the manage-
ment of hypertension in community health centers. In 2019, more
than 25 million pills of this quadruple combination had been pre-
scribed in China (data provided by China Resources Double-crane
Pharmaceutical Co., Ltd.).

For historical reasons, this drug has not been studied in
placebo-controlled studies for its efficacy and safety, in spite of
a tremendous amount of data from the real-world setting and
from non-randomized and randomized actively controlled stud-
ies. Critics often raise concerns with the use of older agents in
the era with several classes of newer antihypertensive drugs. We
therefore designed the present placebo-controlled trial to test the
efficacy and safety of this quadruple single-pill combination in the
management of hypertension. For safety reasons, we restricted
our study to grade 1 hypertension and advised lifestyle modifica-
tions in all study participants. In the present analysis, we report
the efficacy and safety data of the quadruple combination ver-
sus placebo, including measurements of several possibly related
monoamine neurotransmitters.

2 | METHODS

2.1 | Study design and population

The study was a multicenter, randomized, double-blind, placebo-
controlled, parallel-group trial conducted from April 2018 to August
2019 in four hospitals in China. The study was performed under
the guidance of the International Conference on Harmonization
Guidelines for Good Clinical Practice local regulations and the ethi-
cal principles of the Declaration of Helsinki. The protocol of this
study was approved by the ethics committees of all participating
hospitals. All patients gave written informed consent.

Eligible patients were men and women aged 18 to 75 years, who
had a systolic blood pressure of 140-159 mmHg and/or diastolic
blood pressure of 90-99 mmHg during a 4-week run-in wash-out pe-
riod. Exclusion criteria included secondary hypertension; severe car-
diac or pulmonary disease; impaired hepatic or renal function (serum
aspartate aminotransferase or alanine aminotransferase 22 times
the upper limit of normal value, or serum creatinine 2132.6 umol/L);
serum potassium <3.5 mmol/L or >5.5 mmol/L; history of depression

or other mental illnesses; women during pregnancy or lactation.

2.2 | Randomized treatment and follow-up

Potentially eligible patients first entered a 4-week run-in period for the
determination of eligibility. Treated patients should stop their previous
antihypertensive medication. All patients should take a pill of placebo
once daily and be followed up at two and four weeks of the run-in pe-
riod. At the end of the 4-week run-in period, patients with a systolic/
diastolic blood pressure of 140-159/90-99 mmHg (mean of 6 readings
at the two clinic visits) were randomly assigned to the quadruple single-
pill treatment or matching placebo once daily for 12 weeks.

Clinic blood pressure and pulse rate were measured at each of
the clinic visits at 4, 8, and 12 weeks of follow-up. Electrocardiogram
was performed, and blood samples were collected for monoamine
neurotransmitters and other laboratory measurements at baseline
and 12 weeks of follow-up. Information on adverse events was col-
lected at each clinic visit.

Patients were instructed to take medication at 8:00 to 10:00 o'clock
in the morning. Other antihypertensive agents were not allowed during
the whole study treatment period. In the presence of any compelling
indications for any medication of blood pressure lowering action, the
patient was withdrawn from the trial. Estimated glomerular filtration
rate (eGFR) was calculated using the modified Chinese equation of the
simplified Modification of Diet in Renal Disease (MDRD) formula.*

2.3 | Efficacy and safety evaluations

The primary efficacy variables were mean changes from baseline in
clinic systolic and diastolic blood pressure after 12-week treatment.
We also studied the blood pressure control rate as a secondary ef-
ficacy variable. We defined blood pressure control as a systolic/di-
astolic blood pressure below 140/90 mmHg.*

Safety evaluations included collection of information on all
adverse events and serious adverse events, electrocardiogram,
and laboratory measurements. In addition, the 17-item Hamilton
Depression Rating Scale (HAMD-17) was administered for the evalu-
ation of depressive symptoms. A HAMD-17 score of 27 was defined

as “depression”.”

2.4 | Measurements of blood pressure and plasma
monoamine neurotransmitters

Clinic blood pressure and pulse rate were measured three times con-
secutively with a 30-60 s interval, after at least 5 min rest in the seated
position. A validated automated electronic blood pressure monitor
(HEM-9200T, Omron, Kyoto, Japan) was used with an appropriately
sized cuff in all participating hospitals. These three blood pressure and
pulse rate readings at each clinic visit were averaged for analysis.
Plasma samples were collected at randomization (week 0) and
the end of follow-up (week 12) or the last follow-up visit for those

who withdrew from the trial. Norepinephrine and dopamine were
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measured by radioimmunoassay, and serotonin by ELISA. All mea-

surements were performed in a core laboratory.

2.5 | Statistical analysis

Data management and statistical analyses were performed using SAS
9.4 (Cary, NC, USA). Means and proportions were compared using the
Student's t test and chi-square test, respectively. Analysis of covariance
was used to calculate the least square mean change (+standard error
[SE]) from baseline and the between-group differences (95% confi-
dence interval [Cl]) with baseline values as covariate and treatment as
a factor. Scatter plot and correlation analysis were used to analyze the
interrelationship between changes in monoamine neurotransmitters

and that in systolic and diastolic blood pressure and pulse rate.

3 | RESULTS

3.1 | Characteristics of the randomized patients

Of the 88 potentially eligible patients who entered the 4-week run-
in period, 60 were randomized to the quadruple combination (n = 30)
or placebo (n = 30, Figure 1). Patient characteristics at baseline were
comparable between the two randomization groups (p = .06), except

for the gender distribution and body mass index (p < .02, Table 1).

3.2 | Treatment effects on blood pressure and
pulse rate

In the quadruple combination treatment group, systolic and dias-
tolic blood pressure (mean + standard deviation [SD]) significantly
(p <.0001) decreased from 140.8 + 7.9/89.5 + 7.5 mmHg at baseline

to 131.1 £12.1/83.2 £ 9.2 at 12 weeks of treatment (Figure 2), with a
mean (+SE) change of -9.8 + 1.8/-6.4 + 1.3 mmHg (Table 2). The cor-
responding values in the placebo group were 141.3 + 7.9/90.3 £ 7.3,
136.0 £ 11.2/89.7 £ 8.1, and -5.2 + 1.8/-0.4 + 1.3 mmHg, respec-
tively. The between-group differences (95% Cl) in systolic and dias-
tolic blood pressure were -4.6 mmHg (95% Cl, -9.7 to 0.6, p = .08)
and -6.0 (95% Cl, -9.7 to -2.4, p = .002), respectively. Pulse rate de-
creased significantly in the quadruple combination (-4.3 + 1.5 beats/
min, p = .005) but not placebo group (p = .13).

The blood pressure control rate was significantly higher in the
quadruple combination than placebo group at 12 weeks of follow-up
(63.3% vs. 16.7%, p = .0002). Similar trends were observed at four
(53.3% vs. 30.0%, p = .07) and eight weeks of follow-up (53.3% vs.
30.0%, p = .07).

Further subgroup analyses did not show significant difference
in systolic and diastolic blood pressure lowering effects according
to several major characteristics of patients (p = .06 for interaction),
except for a greater between-group difference in the changes in di-
astolic blood pressure in women than men (-21.2 vs. -2.3 mmHg,
p = .04, Table 3).

3.3 | Monoamine neurotransmitters and their
associations with changes in blood pressure

Plasma serotonin, but not norepinephrine or dopamine (p > .09),
changed significantly (p < .01) from baseline to the end of 12-
week follow-up in the quadruple combination and placebo groups
(Table 4). Nonetheless, plasma norepinephrine tended to decrease
in the quadruple treatment (p = .09) but not placebo group (p = .94).

The changes in systolic blood pressure tended to be positively
associated with that in plasma norepinephrine and serotonin in the
quadruple combination treatment (p < .05) but not the placebo group

(p 2 .12, Figure 3). Similar trends were observed for the changes in

Patients assessed eligibility (n=88)

A 4

4-week run-in period (n=88)

| ]

(SBP 140-159mmHg and/or DBP 90-99mmHg)

Eligible grade 1 hypertension Patients excluded for

any reasons (n=28)

and randomized (n=60)

|

}

(n=30)

Quadruple combination

Placebo
(n=30)

FIGURE 1 Flowchart of the trial. SBP
and DBP indicate systolic and diastolic

Completed 12-week follow-up
(n=60)

blood pressure, respectively
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TABLE 1 Characteristics of the

Characteristic gtiagg;ple cenRlatien ::Iic;g;) pvalue randomized patients at baseline

Women, n (%) 5(16.7) 13 (43.3) .024

Age, years 471+ 13.0 46.0+13.1 .75

Body mass index, kg/m? 259+34 234+29 .003

Systolic blood pressure, mmHg 140.8 £ 7.9 141.3+79 .83

Diastolic blood pressure, 895+75 90.3+7.3 .68

mmHg

Pulse rate, beats/min 741 £97 747 £ 8.6 .81

Previous antihypertensive 7 (23.3%) 6(20.0%) 75

therapy, n (%)

Calcium-channel blockers 5(16.7%) 5(16.7%) 99
ACEI/ARB 2 (6.7%) 1(3.3%) .55
Other drug classes 0 1 31
Hemoglobin, g/L 150+ 12 150 + 20 95

Fasting plasma glucose, 6.02 +2.06 5.51+1.41 .27

mmol/L

Serum total cholesterol, 5.16 £ 0.95 499 +£0.87 47

mmol/L

Serum triglycerides, mmol/L 1.83+1.22 214 +2.22 .58

Serum HDL cholesterol, 1.23+0.33 1.26 +0.31 74

mmol/L

Serum potassium, mmol/L 4.31+0.25 4.30+0.30 .88

Serum creatinine, umol/L 79.5+13.5 72.5+14.2 .06

Serum uric acid, umol/L 364 +74 328 £ 67 13

eGFR, ml/min/1.73 m? 118.3 £23.1 123.6 £ 30.6 47

Monoamine neurotransmitter
Serotonin, ng/ml 408 (300-475) 408 (107-500) .80
Norepinephrine, pg/ml 326 (282-417) 306 (248-359) 14
Dopamine, pg/ml 59.5(56.4-72.9) 62.1(56.9-72.7) .62

Note: Values are presented as mean + standard deviation, median (interquartile range) or number
of patients (% of column total). Estimated GFR (eGFR) was calculated using the modified Chinese
equation of the simplified Modification of Diet in Renal Disease (MDRD) formula.* ACEI/ARB
indicates angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; HDL, high-

density lipoprotein.

The p value is for the comparison between the quadruple combination therapy group and the

placebo group.

diastolic blood pressure in relation to both the changes in plasma
norepinephrine (p = .06) and serotonin (p = .19).

3.4 | Safety

During the 12-week double-blind follow-up period, adverse events
occurred in 5 (16.7%, headache [n = 2], bradycardia [n = 2], and in-
somnia [n = 1]) and 3 patients (10.0%, bradycardia [n = 2], and tachy-
cardia [n = 1]) in the quadruple combination treatment and placebo
groups, respectively (p = .45, Table 5). No serious adverse event
or depression was reported in either group. No patient had hyper-
kalemia or hypokalemia. Nonetheless, serum potassium concentra-
tion was significantly lower in the quadruple combination group than

the placebo group (-0.28 mmol/L, 95% Cl -0.49 to -0.08 mmol/L,
p =.009, Table 4).

4 | DISCUSSION

Our randomized, double-blind, placebo-controlled trial demonstrated
blood pressure lowering efficacy and safety of a conventional quad-
ruple single-pill combination in grade 1 hypertension. In addition, our
study on monoamine neurotransmitters (serotonin, norepinephrine,
and dopamine) showed interesting findings. An unexpected finding
was the significant increase in serotonin. The quadruple combination
slightly decreased norepinephrine. The changes in both serotonin and
norepinephrine were associated with the changes in blood pressure.
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-® Quadruple combination (n=30)
O- Placebo (n=30)

Systolic

150+
145+
140+
135+

130+

100 4

95+

Blood pressure, mmHg

90 =

85+

701 T T 1

Time, weeks

FIGURE 2 Systolic and diastolic blood pressure during follow-up
by randomization group. Symbols denote the mean values of the
quadruple combination (dots with solid line) and placebo groups
(circles with dashed line). Vertical lines denote standard deviations

TABLE 2 Mean changesin blood
pressure and pulse rate from baseline by
randomization group

Week 4

Systolic blood pressure,

mmHg

Diastolic blood pressure,

mmHg

Pulse rate, beats/min

Week 8

Systolic blood pressure,

mmHg

Diastolic blood pressure,

mmHg

Pulse rate, beats/min

Week 12

Systolic blood pressure,

mmHg

Diastolic blood pressure,

mmHg

Pulse rate, beats/min

Follow-up time and variable

Our study is the first placebo-controlled trial on this quadruple
combination. The study results are in keeping with the findings
of a large-scale single-arm study.6 Indeed, in 1529 hypertensive
patients, this quadruple combination reduced systolic/diastolic
blood pressure by 8.8/4.8 mmHg after 6 months of treatment,
with a blood pressure control rate of 60.2%. In addition, although
the blood pressure lowering effect was generally consistent in the
subgroups of patients according to several baseline characteris-
tics, such as age, body mass index, pulse rate, serum creatinine,
and serum uric acid, the diastolic blood pressure lowering effect
was greater in women than men. This observation is incompletely
understood.

Our study showed an acceptable safety profile of this quadruple
combination, with some known side effects. There was a tiny but sta-
tistically significant decrease in serum potassium combination. This
should be the consequence of the known potassium-depleting side
effect of the component drug hydrochlorothiazide. This side effect
was mild. None of the randomized patients had hypokalemia. The po-
tassium sparing diuretic, triamterene, probably had some compensa-
tory effect on potassium-depletion induced by hydrochlorothiazide. In
addition, we did not observe any negative effect on depressive symp-
toms. The previously reported depression in relation to the use of re-
serpine was probably because of overdosing of this neurotransmitter
depletion agent.7 Indeed, reserpine had been used at an average dose
of up to 1.36 mg daily, which was >10 times greater than the 0.1 mg
daily dose in the quadruple combination. In a recent dedicated mul-

ticenter cross-sectional study on depression,8 hypertensive patients

Quadruple

combination Placebo Between-group

(n=30) (n=30) difference (95% CI) p value
-6.36+1.68° -310%1.68 -3.26(-8.00,1.49) .17
-450+1.25" -2.07+1.25 -2.43(-596,1.11) .17
-0.54+1.63 0.37+1.63 -090(-553,372) .70
-795+1.68° -456+1.68" -3.39(-8.16,1.37) .16
-590+1.42" -3.36+1.42" -2.54(-6.56,1.47) .21
-0.68+1.50 -0.07+1.50 -0.60(-4.86,3.66) .78
-9.78+1.82" -522+1.82" -456(-9.71,0.59) .08
-6.43+1.32" -044+1.32 -599(-9.74,-2.24) .002
-432+149" -229+149 -2.04(-6.26,2.18) .34

Note: Values are least square mean + standard error, unless otherwise indicated. Cl = confidence

interval.

Significance of the difference from baseline, p <.05, 'p < .01.
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TABLE 3 Subgroup analysis on the

Nur‘nber of Systolic blood pressure, Diastolic blood pressure, between-group differences in systolic and
patients mmHg mmHg diastolic blood pressure
Quadruple
combination  Between-group Between-group
Subgroup /Placebo difference (95% Cl) p,, difference(95%Cl) p,,
Age, years
245 16 /15 1.5(-13.0, 16.2) .07 -9.1(-20.6,2.2) 40
<45 14 /15 -13.7 (-28.4,1.0) -14.4(-25.7,-3.1)
Gender
Men 25/17 -3.0(-14.5, 8.5) .60 -2.3(-10.9, 6.3) .04
Women 5/13 -9.1(-30.2,11.9) -21.2 (-37.6, -4.9)
Body mass index, kg/m?
225 16/7 -9.2(-25.8,7.4) 43 -13.3(-26.2,-0.4) .63
<25 14 /23 -2.9(-15.1,9.2) -10.3 (-19.8,-0.7)
Previous treatment
Yes 8/5 -4.1(-14.5, 6.1) .70 -8.7(-16.8,-0.6) .41
No 22/25 -7.9 (-27.4,11.5) -14.8 (-29.8,0.2)
Pulse rate at baseline, beats/min
274.0 16/ 16 -4.0(-20.9, 13.0) .64 -18.2(-31.2,-5.3) .06
<74.0 14 /14 -8.2(-21.3,5.0) -5.3(-15.3,4.7)
Serum creatinine at baseline, umol/L
>76.0 19/11 -12.0(-29.7,5.7) .22 -18.2(-32.1,-4.3) .10
<76.0 11/19 -0.1(-13.2,13.1) -5.3(-15.5,4.8)
Uric acid at baseline, umol/L
2381 (male) or 10/11 -6.4(-19.2, -6.4) 93  -10.1(-20.0,-0.2) .55
285 (female)
<381 (male) or 9/10 -5.7 (-21.0, 9.5) -13.5(-25.5,-1.4)

285 (female)

Note: The between-group difference (95% confidence interval [Cl]) was computed in a multiple
linear regression model with the randomization group and all the subgroup and interaction
variables included. Age, pulse rate, and serum creatinine and uric acid at baseline were

dichotomized according to median. p;,

indicates the p value for interaction between the subgroups

and the randomization group in relation to systolic and diastolic blood pressure.

treated with reserpine 0.1 mg/day (n = 787) had similar mean depres-
sion score (40.4 vs. 40.6, p = .70) and depression prevalence (12.4% vs.
11.8%, p = .86) as those not on reserpine treatment (n = 787).

Our finding on the non-significant decrease in plasma norepineph-
rine can be explained by the use of reserpine as a component of the
guadruple combination. Probably because of the small dosage, the ob-
served decrease was not statistically significant. However, the change
in plasma norepinephrine was still significantly associated with that in
blood pressure, indicating that 0.1 mg reserpine played a major part
in the blood pressure lowering effect of the quadruple combination.

The significant increase in plasma serotonin in both treatment
and placebo groups is unexpected. Such increase actually dimin-
ished the blood pressure lowering effect of the drug. The mech-
anisms and health consequences remain unknown. There is some
evidence that serotonin plays a role in placebo effect. Indeed, ge-
netic polymorphisms in the serotonin-related pathways were as-
sociated with the placebo effect on depression,9 social anxiety,10
and drowsiness.'? Plasma serotonin in too high concentrations

might cause serotonin syndrome? and in mildly elevated concen-
trations had been linked with hip fracture.’®> None of these health
consequences were observed in the present relatively small-size
and short-term study.

Our study should be interpreted within the context of its lim-
itations. First, the present trial had a relatively small sample size,
which to some extent might explain the unbalanced distribution
in some characteristics at randomization, such as gender and body
mass index, and the non-significant treatment-induced difference
in systolic blood pressure. Second, we only measured office blood
pressure. We did not perform ambulatory or home blood pressure
monitoring, which is largely devoid of placebo effect. There was
indeed a significant placebo effect on both systolic and diastolic
blood pressure in the control group, similarly as observed in a recent
meta-analysis of placebo-controlled trials on [i—blockers.14 Third, our
patients had low or no depressive symptoms at enrollment. The 12-
week follow-up is probably insufficiently long to observe any treat-
ment effect, if there is.
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TABLE 4 Mean changes from

. . Quadruple Between-group
| 12 ks of h
baseline .to weeks o treatment in the Variable combination Placebo difference (95% Cl) p
monoamine neurotransmitters and several
measurements by randomization group Monoamine neurotransmitters
Plasma serotonin, 1174+ 44.6  1842+462 -66.7(-195.6,62.1) .30
ng/ml
Plasma -36.0+20.8 -1.6 +20.8 -34.4(-93.9,25.2) .25
norepinephrine,
pg/ml
Plasma dopamine, 1.55+2.77 -0.68+2.77 2.23(-5.63,10.10) .57
pg/ml
Hemoglobin, g/L -27+27 -45+2.8 1.8 (-6.5,10.0) .66
Blood biochemistry
Fasting plasma -0.18 £+ 0.12 -0.11+0.12 -0.07 (-0.41, 0.27) .68
glucose, mmol/L
Serum potassium, -0.21+0.07" 0.07 £0.07 -0.28 (-0.49, -0.08) .009
mmol/L
Serum total 0.11+0.12 -0.03+0.12 0.14 (-0.19,0.48) .39
cholesterol,
mmol/L
Serum HDL -0.04 £0.03 -0.05+0.03 0.01 (-0.09, 0.10) .88
cholesterol,
mmol/L
Serum triglycerides, 0.08 +0.17 -0.16 +0.17 0.24 (-0.26, 0.74) .33
mmol/L
Serum creatinine, -1.3+2.0 1.0+1.8 -2.3(-7.9,3.2) 40
umol/L
Serum uric acid, 32.6 +14.8 6.6+15.3 26.0 (-18.5, 70.5) .45
umol/L
eGFR, ml/ 39+34 -0.1+3.2 4.1(-5.5,13.6) .39
min/1.73 m?

Note: Values are least square mean * standard error, unless otherwise indicated. eGFR indicates
estimated glomerular filtration rate; HDL, high-density lipoprotein.
Significance of the difference from baseline, *p <.05, ”p <.01.

FIGURE 3 Scatter plot for the

. . . —e— Quadruple combination -e- Placebo
interrelationship between the changes

in systolic blood pressure and that in 301 P;n=0.21 301 P;,=0.89

plasma concentration of serotonin (left :

panel) and norepinephrine (right panel) 20+ ] 20+ °

by randomization group. Regression
lines were drawn for the quadruple
combination (dots with solid line) and
placebo groups (circles with dashed
line) separately. Pearson correlation
coefficients (r) and the corresponding p
values are given alongside the regression
line. The numbers of patients per group
and the p value for interaction between
randomization group and changes in
plasma concentration of serotonin or

=104

-204

Change in systolic blood pressure, mmHg

norepinephrine in relation to the changes -30+

in systolic blood pressure (p; ,) are also :

giVen -40 T | T T ] 1 -40 T T T T 1
-600 -300 0 300 600 900 1200 -600 -400 -200 0 200 400

Change in plasma serotonin, ng/mL Change in plasma norepinephrine, pg/mL
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TABLE 5 Side effects of the quadruple combination

Quadruple Placebo
Side effect combination (n = 30) (n=30)
Headache/dizziness/swelling 2(6.7%) 0
Bradycardia 2 (6.7%) 2 (6.7%)
Insomnia 1(3.3%) 0
Tachycardia 0 1(3.3%)

Note: Values are number of patients (% of column total), listed in the
descending order in the quadruple combination and then placebo groups.

5 | CONCLUSIONS

In conclusion, our study showed that the single-pill quadruple com-
bination of reserpine, dihydralazine, hydrochlorothiazide, and tri-
amterene effectively reduced blood pressure in patients with grade
1 hypertension, with some known side effects of the component
drugs, such as the changes in plasma norepinephrine and serum po-
tassium. The finding on the changes in plasma serotonin warrants
further investigation in studies involving this drug and other classes

of antihypertensive drugs.
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