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Summary

Calcium has been shown to control the proliferation of various cells in vitro and in vivo. In this study we have
attempted to modify compensatory renal growth by pharmacological interventions in mice who have undergone
uninephrectomy. The effect of a calcium channel blocker verapamil was investigated. Unilateral nephrectomy of
intact male mice produced the expected increase in weight of the remaining kidney by 67.5+8.1 %. This rise was
accompanied by a proportional increase in RNA. In mice, cell hypertrophy was found to be a major factor in
compensatory renal growth. Verapamil given in a i.p. dose of 1.0 or 2.0 mg/day/mouse attenuated the growth of
the remaining kidney so that its weight rose by only 48.2+6 % and 28.2+4.4 %, respectively. In vivo administration
of verapamil decreased the degree of compensatory renal growth and this growth inhibiting effect was directly

proportional to the dose.
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Introduction

The loss of remal mass is followed by
compensatory growth of the remaining kidney. In mice,
the increase in kidney weight has been shown to be due
to hypertrophy rather than hyperplasia, since RNA
levels increased while DNA content remained constant
(Fine 1986). The exact stimuli that trigger these
adaptive changes are largely unknown. However,
number of factors have been shown to modulate the
extent of the growth response: age, growth hormone,
testosterone, thyroid hormones or adrenal steroids
have been reported to stimulate the degree of
compensatory renal growth (Nomura et al. 1985).
Calcium ions and hormones (calcitonin, parathyroid
hormone and calcitriol) are major regulators of DNA
synthesis and mitotic activity in the bone marrow, liver
and thymus of rats (Whitfield et al. 1979). It has not yet
been established whether the calcium ion itself or
calcium regulatory hormones such as parathormone
play a role in renal compensatory growth.

A factor that may play a modulatory role in
renal compensatory growth is the calcium ion.
Verapamil, a calcium channel blocker given either in

vivo or in vitro, has been shown to inhibit calcium
uptake by kidney slices (Goligorsky et al. 1985).

The aim of the present study was to define
further the mechanisms by which the calcium channel
blocker verapamil affects compensatory renal growth.

Materials and Methods

Male mice of the H strain (Velaz, Prague)
weighing 32 g were used. They were fed a standard
laboratory diet (Velaz, Prague) containing 23 %
protein, 0.8 % phosphorus and 1 % calcium, were
offered water ad libitum, and were kept in an indirectly
illuminated room with controlled temperature
(24+2 °C). The animals were divided into three groups
of 10 animals each. Intact controls were compared with
two groups of intact mice to which verapamil
hydrochloride (Isoptin Knoll) was given in the food
twice daily in a daily dose of 1 or 2 mg. The animals
were weighed before and after experiment and their
food consumption was checked daily. No food was left
so that the amount of food eaten corresponded to the
dose of the given drug.
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Animals underwent unilateral nephrectomy on
the right side. The excised kidney was immediately
weighed, placed in ice-cold 0.4 N perchloric acid and
homogenized in a Potter-Elvehjem type homogenizer.

Pair-feeding with or without verapamil started
on the day of surgery and continued for 7 days.
Because pharmacokinetic data are not available for
verapamil administration in mice, we have used the
dose that was given in rats by Jobin et al. (1986) This
dose is considered to be comparable to the dose of
verapamil used in man. The mice were sacrificed eight
days after nephrectomy. At the end of experiment,
mice were anaesthetized by pentobarbital and a blood
sample for the determination of plasma calcium,
phosphorus and creatinine was withdrawn from the
heart. The left kidney was processed in exactly the
same way as the right one.

The total content of nucleic acids was
determined using the method of De Deken and De
Deken (1959). The DNA content of the homogenate
was assessed by diphenylamine reaction as described by
Burton (1956) using calf thymus DNA as standard.
RNA was determined by subtraction of the DNA value
from the total nucleic acid value.

Compensatory renal growth was evaluated by
comparing the right kidney wet weight at nephrectomy
to that of the left kidney when the animals had been
killed.

In a separate experiment, the kidneys from
control and verapamil-treated mice were removed,
weighed, placed in a crucible and incinerated at 60 °C
for 24 h. The residue was dissolved in 0.6 N HCI

Calcium was determined by the method of Gitelman
(1967) and phosphorus according to Kraml (1966).

In a preliminary experiment we administered
verapamil in a dose of 2.0 mg/day/mouse to intact
mice by ip. injection. Mice were sacrificed 10 days
later and the kidneys were removed, cleaned and
weighed.

The means and the 95 % confidence limits
were calculated for all the values obtained and the
results were evaluated statistically by the analysis of
variance and Duncan’s test (1955). The results are
expressed as means * S.D.

Results

Nine days of verapamil administration had no
effect on the growth of mice and no effect on plasma
calcium, phosphate or creatinine concentration
(Table 1).

Unilateral nephrectomy of intact male mice
produced the expected increase in weight of the
remaining kidney (67.5+8 %). The RNA content of the
kidneys was affected in a similar way as kidney weight.
The content of DNA also increased but the change was
not statistically significant (Tables 2 and 3).

Verapamil in a dose of 1.0 mg/day/mouse
attenuated renal compensatory growth because the
increase in weight of the remaining kidney was 48 %
only. This was significantly less as compared with
unilaterally nephrectomized control animals (p<0.01).
Similar changes could be seen in kidney RNA content
(Tables 2 and 3).

Table 1. Blood composition and kidney calcium content in unilaterally nephrectomized

mice with or without verapamil

Calcium Phosphorus Creatinine Kidney Calcium

mmol/l mmol/1 pumol/1 mg/100 g w.wt.
Control 2.20x0.09 42x0.12 74.3+63 6.4x0.06
Verapamil 1mg  2.24+0.08 41+0.11 76.2+6.0 6.3+0.07
Verapamil 2mg  2.21+0.06 42+0.14 75.1£63 6.3+0.08

Data are means +S.D.

Table 2. Body weight and kidney weight in unilaterally nephrectomized mice with or

without verapamil

Final body weight (g)

Right kidney (mg) Left kidney (mg)

Control 34.0+3.2
Verapamil 1 mg 33.8+£22
Verapamil 2 mg 33.6+3.1

233.7+12.0 392.3+18.7
232.6+10.1 345.0+14.1*
240.2x14.1 308.0+10.5*

* significantly different (p<0.01) from controls (unilaterally nephrectomized mice without

verapamil).
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Table 3. RNA and DNA content of the kidney in unilaterally nephrectomized mice

with or without verapamil

Right kidney  Left kidney Right kidney  Left kidney

RNA RNA DNA DNA

1e/g 1e/g 1e/g re/s
Control 3.55+0.2 6.04+0.1 3.68+0.2 393x0.3
Verapamil 1 mg 3.75+0.1 5.48+0.1* 37702 4.03+03
Verapamil 2 mg 3.53+03 4.48+0.2* 3.44+0.2 3.68+0.2

* significantly different (p<0.01) from controls (unilaterally nephrectomized mice without

verapamil).

In animals receiving 2.0 mg/day/mouse of
verapamil, the remaining kidney weight rose only by
27 %, the gain being smaller as compared to the
controls (p<0.01). There was also a smaller increase of
the RNA content in the remaining kidney.

Verapamil itself did not decrease kidney
weight in intact mice (737+23.4 mg) as compared with
intact mice without verapamil (712+33.2). Compared
to intact mice, values of kidney calcium content were
not significantly different after seven days of verapamil
administration.

Morphological observations made under a
light microscope revealed no structural differences
between kidneys of intact and verapamil-treated mice.

Discussion

In our experiments, three parameters were
chosen to assess the degree of compensatory renal
growth: increase in kidney weight and total kidney
RNA and DNA content. We used male mice because
the mouse kidney which is particularly responsive to
unilateral nephrectomy (Kochakian 1976). Verapamil
given in vivo decreased the degree of compensatory
renal growth observed in control animals and this
growth-inhibiting effect was directly proportional to the
administered dose. Similar changes were observed in
the kidney RNA content suggesting that renal
hypertrophy is being inhibited. Verapamil had no effect
on the weight of kidneys in intact animals.

Calcium antagonists or calcium channel
blockers, such as verapamil, act as ligands, binding
strongly to the cellular membranes and thereby
inhibiting calcium influx (Bogin et al. 1981). One factor
that may play a modulating role in renal compensatory
growth is the calcium ion. This element and the
hormones that regulate its distribution between the
extra- and intracellular compartment have been shown
to control cell proliferation of various systems or
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