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SUMMARY

We planned to investigate the effect of diltiazem on
urine volume, urine sodium (Na+) and potassium (K+) 
excretion and glomerular filtration rate (GFR). Twenty 
healthy men, aged between 23 and 36 (mean age: 29 
± 0.87) were examined. A double - blind placebo 
controlled study was completed by weekly intervals in 
3 periods. In each period, first day no drug was given, 
the second day placebo, the third day diltiazem (30 
mg or 60 mg) or placebo was given.

In the first 6 hour period following diltiazem 30 or 60 
mg administration, increases in GFR (p<0.05), urine 
volume (p<0.01) and urine Na+ excretion were
significant (p<0.001), but increase in urine K+ 
excretion was not significant (p>0.05). In the next 18 
hour period, we observed that diltiazem did not affect
the excretion of K+ urine volume and GFR (p> 0.05), 
but increased the excretion of Na+ (p<0.05).

Key W ords : Diltiazem, GFR, Natriuretic, 
Diuretic effect.

INTRODUCTION

Calcium antagonists are widely used in the treatment 
of many disorders (1,2) and various opinions on their
effects on renal functions (urine volume, urine Na+ 
and K+ excretion, GFR) have been reported in 
different studies (3-8). The majority of these studies 
involved nifedipine, verapamil and nitrendipine. It has 
been reported that calcium antagonists have 
natriuretic and diuretic effects with insignificant
changes in GRF and urine K+ excretion (4-8). Drugs 
preferred in the treatment of coronary artery disease
(CAD) and hypertension must not cause Na+ and 
fluid retention. Flowever, we sometimes have to 
combine diuretics with most of the drugs used in
these disorders, due to Na+ and fluid retentive 
features of these drugs (9).

In this study, we aimed to investigate the effect of
diltiazem on urine volume, urine Na+ and K+ 
excretion and GFR.

MATERIALS AND METHODS

Twenty healthy male volunteers aged between 23 
and 36 (mean age: 29.65 ± 0.87) participated to our 
study . At first, all of them were examined by 
complete physical examinations. Their complete 
blood and urine analyses, hepatic function tests, 
serum urea, creatinine and electrolytes were studied.

All subjects were offered not to take any medications 
before the study. They were put on a standard diet
(100 mEq / day Na+ and 80 mEq / day K+) for one 
week and had normal sleep patterns. A double - blind 
and placebo - controlled study was completed by 
week intervals in 3 periods. Each period lasted 3 
consequent days and nothing was applied during the 
next four days. In the first day of each study period, 
nothing was done or given. On the second and third 
days of the first study period, placebo was given. In 
the second period; on the second day placebo and on 
the third day 30 mg diltiazem were given. In the third 
period; of the second day placebo and on the third 
day 60 mg diltiazem were given. All medications were 
given peroraly at 8.00 am., then urine samples were 
collected between 08.00 - 14.00 and 14.00 - 08.00
hours and urine volumes, Na+, K+ and creatinine 
values were measured. In each period second and 
third day at 11.00 am. and 11.00 pm. blood samples 
for creatinine measurement were obtained and GFR 
as ml / sec., was calculated for two hours for each 
period using the formula: Urine volume x urine 
creatinine / blood creatinine x minute. All biochemical 
measurements were done at our hospital in 
biochemistry laboratory by Technicon R-A 1000 
autoanalyzer.

Statistical examination was done using the program 
"NCSS V (4,21)". The paired t-test was used for 
importance controlling the difference among the 
pairs.
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RESULTS

Physical examinations and laboratory values studied 
in each period were normal. No individuals 
experienced any side effects related with the drugs.

Group administered placebo in the first week were 
compared at 6 hours and 18 hours. Their urine
volume, GFR, urine K+ and Na+ values were not 
statistically significant (p>0.05).

Groups administered 30 mg and 60 mg diltiazem in 
the second and third week had significantly high urine 
volume, GFR and urine Na+ , compared with placebo 
group in the first 6 hours after drug intake (p<0.05). 
There was no difference between groups in urine K+ 
levels (p>0.05) (Tables I and II). In the 60 mg

diltiazem group, urine volume and urine Na+ were 
significantly higher than the values of the group that 
received 30 mg diltiazem (p<0.05). But, there were 
not any difference in urine K+ and GFR levels 
between the groups (p>0.05) (Table III).

When we compared 18 hour urine collection of 30 mg 
or 60 mg diltiazem groups in the first 6 hours with
placebo, urine Na+ levels were statistically high,
(p<0.05) but urine volume, urine K+ and GFR were 
not significantly different between the groups (p>0.05) 
(Tables I and II). Urine Na+ levels were statistically 
high in group administered 60 mg of diltiazem when 
compared with 30 mg diltiazem group (p<0.05). Other 
parameters were found to be insignificant (p>0.05) 
(Table III).

Table I- Comparison of urine volume Na+, K+ and GFR values of placebo and diltiazem 30 mg groups (In the 
first 6 hours and the following 18 hours).

(ml) Vi (mMol/L)
Na+

(mMol/L) 
K +

(ml/dk)
GFR

n = 20 
Placebo 228.00 ± 8.79 137.95 1 3.37 53.86 ± 2.64 110.10 ± 1.91

"55 ^ X ± Sxn n = 20
Diltiazem 30 mg 862 ± 16.75 291 1 5.62 53.91 1 2.27 114.63 ± 1.60

c  CD X l  Sx
Results t = 8.75 t = 36.68 t = 0.02 t = 2.19

p<0.01 p<  0.001 p > 0.05 p < 0.05
n = 20

O)c
 ̂ (/)

Placebo 
X ± Sx

270.00 ± 25.60 137.8514.85 49.80 ± 2.52 110.19 ± 1.84

°  Ë n = 20
° °  
j j i  oo

Diltiazem 30 mg 
X ± Sx

841.50 1 39.69 147.25 ± 3.94 46.90 ± 2.62 109.701 1.59

JZ Results t = 1.62 t = 3.18 t = 1.34 t = 0.30
p > 0.05 p < 0.05 p > 0.05 p > 0.05

Table II- Comparison of urine volume Na+, K+ and GFR values of placebo and diltiazem 60 mg groups (In the 
first 6 hours and the following 18 hours).

Vi Na+ K+ GFR
(ml) (mMol/L) (mMol/L) (ml/dk)

n = 20 
Placebo 209.00 1 6.51 142.151 3.75 53.00 13.22 109.371 1.74

£ uj X i  Sx
: ¡— L.

0) o£  -d

n = 20
Diltiazem 60 mg 454.50 1 32.30 303.20 1 4.23 52.68 1 2.66 113.04 1 1.87

Ç  <o X l  Sx
Results t = 8.94 t = 49.04 t = 0.15 t = 2.15

p < 0.01 p < 0.001 p > 0.05 p < 0.05OC\JIIc

U) Placebo 766.00 1 29.95 137.051 3.59 49.45 1 2.79 112.361 1.79
I  « X i  Sx
o 5

0) oo £

n = 20
Diltiazem 60 mg 

X l  Sx
809.00 1 28.50 152.15 1 4.11 47.55 1 2.91 110.73 1 1.61

c Results t = 1.44 t = 4.82 t = 0.94 t=  1.01
p > 0.05 p < 0.05 p > 0.05 p < 0.05
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Table III- Comparison of urine volume Na+, K+ and GFR values of diltiazem 30 mg and diltiazem 60 mg groups 
(In the first 6 hours and the following 18 hours).

?
 < Na+

(mMol/L)
K+

(mMol/L)
GFR

(ml/dk)

In
 th

e 
fir

st
 

6 
ho

ur
s.

Diltiazem 30 mg 
X ± Sx 362.50 ± 16.74 291.90 ± 5.62 53.91 ± 2.27 114.63 ± 1.60

Diltiazem 60 mg 
X ± Sx 454.50 ± 32.30 303.20 ± 4.23 52.68 ± 2.66 113.04 ± 1.87
Results t = 3.94 

p < 0.05
t = 2.22 
p < 0.05

t = 0.36 
p > 0.05

t = 0.96 
p > 0.05

In
 th

e 
fo

llo
w

in
g 

18
 h

ou
rs

.

Diltiazem 30 mg 
X ± Sx 841.50 ± 39.69 147.25 ±3.94 46.90 ± 2.62 109.701 1.59

Diltiazem 60 mg 
X ± Sx 809.00 ± 28.50 152.15 ± 4.11 47.55 ± 2.91 110.73 ± 1.61
Results t = 1.03 

p > 0.05
t = 1.05 
p < 0.05

t = 0.21 
p > 0.05

t = 0.52 
p > 0.05

DISCUSSION

Calcium antagonists show their effects by selectively 
inhibiting the influx of calcium - ions into the 
myocardial and smooth muscle cells and thereby 
blocking the muscular contraction and decreasing the 
peripheral vascular resistance. So, they are freqently 
used in the treatment of CAD and hypertension (1,2).

Majority of antihypertensive drugs cause reflex 
tachycardia, retention of water and salt (1,3). For 
twenty years calcium antagonists have been used in 
the treatment of hypertension, and they are now 
accepted as the first line therapy with their success in 
the treatment, with no metabolic side effects and they 
can be used in both young and old hypertensive 
people (9-11).

Reports related with the effect of calcium antagonists 
on renal function have been inconsistent (4-6, 12-15). 
In the studies of Kinoshita et al. (16,17), it is reported 
that diltiazem given peroral 30 and 60mg/day causes
increase in urine Na+ excretion in patients with CAD 
and chronic renal failure (CRF). Also, further studies 
involving diltiazem given intravenously (IV) 0,5 mg / 
kg / bw within 10 minutes to 2 hours, show increase
in urine Na+ excretion in patients with hypertension or 
CRF (18, 19). There are also reports in literature 
related with long term diltiazem treatment (by 480 
mg/d up to 24 weeks) stating that it has no influence 
on serum and urine electrolytes and urine volume 
(20-22). However, Carter et al. (7), report an increase 
in both urine volume and Na+ excretion with the dose 
of 150 mg / kg / bw IV in their study.

Natriuretic and diuretic potential of diltiazem is 
thought to be because of its effects on neurohumoral 
factors (prostaglandins, renin - angiotensin - 
aldosterone system and natriuretic factor)
(7,8,10,23,24).

In our study after 30 mg and 60 mg diltiazem 
administration in the first 6 hours, increase in urine 
volume and Na+ excretion were higher than those 
received placebo. When 30 and 60 mg diltiazem
groups were compared, increase in urine Na+ 
excretion and urine volume were significantly higher 
in the diltiazem 60 mg group (p < 0.05). Some studies 
are in accordance (7, 16-19) with our study, and 
some are not (20-22).

Groups which received placebo - drugs showed 
a significant increase in GFR within the first 6 
hours following diltiazem intake. However this 
increase was within the limit values. In 18 hour urine 
collection following 6 hour after drug intake, GFR 
values did not change significantly compared with all 
study periods.

Single dose of diltiazem (30 mg or 90 mg) 
showed no influence on GFR and renal blood flow 
(RBF) in patients with CAD and congestive heart 
failure with or without hypertension (16,17,23). In 
1987 Reams et al. (19), reported that I.V. diltiazem 
(0,2 - 0,5 mg / kg / bw) decreased blood pressure but 
had no significant effect on GFR or RBF. Similar 
results were reported in Sunderrajan et al's study 
involving administration of long term and high dose 
diltiazem therapy (22).

Increase in GFR and RBF following diltiazem therapy, 
may be due to its blocking effects on vasoconstrictive 
angiotensin II and norepinephrine (21-26).

In conclusion, our study suggests that single dose 
peroral diltiazem has natriuretic and diuretic effects 
with no significance in GFR and K+ excretion. 
However, further studies with longer periods in wide 
populations must be done in order to confirm these 
results.
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