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Effect of the calcium channel antagonist nitrendipine on lipoprotein
lipase and hepatic lipase in the normal rat
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Abstract

Ž . Ž .Several observations indicate that a low lipoprotein lipase LPL rhepatic lipase HL ratio clusters with clinical and laboratory
features of atherosclerosis. Antihypertensive treatment can unfavourably interfere with lipid metabolism, counteracting the beneficial
effects of lowering blood pressure. We have evaluated the effects of the Ca2q channel antagonist nitrendipine on tissue LPL and HL in
the normal rat. At the dose of 40 mgrday administered intragastrically, a 5-day nitrendipine treatment induced a significant decrease in
HL activity in the liver, in comparison to control animals: 656"82 mUrg tissue vs. 814"38 mUrg 3 h after the last administration;
640"70 mUrg vs. 893"101 mUrg 8 h after administration. LPL activity in heart was increased by active treatment: 2542"298 vs.
2115"244 mUrg in controls 3 h after administration, P-0.05. At variance, LPL mass, measured 8 h after administration, was
decreased in heart of treated rats: 2.38"0.4 mgrg tissue vs. 3.88"0.3 mgrg in controls. The ratio between heparin-releasable and
residual LPL in heart was unaffected by the drug. No changes were observed in LPL activity and mass in soleus muscle or in
periepididymal adipose tissue. Our results indicate that nitrendipine, at the dose used, induces changes in lipolytic enzymes of rat tissues
that could be beneficial in relation to atherosclerosis. These data encourage further investigations in humans, at the usual therapeutical
doses. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .The role of lipoprotein lipase LPL and hepatic lipase
Ž .HL in the pathophysiology of atherosclerosis has raised

Žincreasing interest in the last years Olivecrona and Olive-
.crona, 1995; Beisiegel, 1996 . In particular, several inves-

tigations have pointed to an association of changes in the
activity of these enzymes with elements of the insulin

Žresistance syndrome Katzel et al., 1992; Knudsen et al.,
1995; Howard, 1992; Thorn et al., 1990; Munroe et al.,

.1994 .
Clustering of arterial hypertension and dyslipidaemia

Ž .Assmann, 1988 is a typical example of this syndrome
Ž .Reaven, 1988 . Pharmacological treatment of hyper-
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tension can contribute to a derangement in lipid metabolism
Ž .Weidmann et al., 1985 , partly through an interference
with lipolytic enzymes. For example, b-adrenoceptor an-
tagonists, whose untoward effects on serum lipids are
known, reduce the removal rate for triglycerides from

Žplasma, a parameter related to LPL activity Murphy et al.,
. 2q1984 . On the contrary, Ca channel antagonists are

generally considered ‘neutral’, as far as serum lipid pattern
Ž .is concerned Kasiske et al., 1995 . Favourable effects on

the development of atherosclerosis have been detected
during the administration of Ca2q channel antagonists, in

Ž .both clinical Lichtlen et al., 1990 and experimental
Ž .Weinstein and Heider, 1989 conditions. Although not
revealed by measurements of serum lipid concentrations,
more subtle changes in parameters of lipid metabolism
could, therefore, take place during treatment with these
drugs. Together with other authors, one of us has observed
an increase in the disappearance rate of exogenous triglyc-
erides from plasma during treatment with nitrendipine, a

2q Ždihydropyridinic Ca channel antagonist Marotta et al.,
.1989 . The effect of this class of drugs on the triglyceride

0014-2999r98r$19.00 q 1998 Elsevier Science B.V. All rights reserved.
Ž .PII S0014-2999 98 00322-7



( )T. Marotta et al.rEuropean Journal of Pharmacology 351 1998 357–361358

lipases involved in lipoprotein metabolism has not been
studied.

The aim of this study was, therefore, to investigate
whether changes in the activity andror mass of LPL and
HL in rat tissues are induced by nitrendipine treatment.

2. Materials and methods

2.1. Animals and experimental design

Male Sprague–Dawley rats weighing about 180 g at
start were purchased from Mollegaard Breeding Centre,¨
Ejby, Denmark. The animals were kept in a lightrdark
cycle of 12 h, with the light period from 6 AM to 6 PM.
They had free access to water and standard chow delivered
by Lactamin, Stockholm, Sweden. The temperature was set
at 208C.

After an acclimation period of at least one week, ni-
Žtrendipine was administered intragastrically dissolved in

.polyethylene glycol, glycerol and water at 8.00 AM for
five consecutive days. The daily dose of the drug was 4

Ž . Žmg 17.2"1.8 mgrkg in a group of nine rats ‘low
. Ž .dose’ , and 40 mg 167.9"9.9 mgrkg in a second group

Ž .of nine ‘high dose’ ; nine animals received the vehicle
only. On the fifth day of the experiment, five animals per
group were killed by decapitation 3 h after administration
of the drug; the remaining four rats in each group were
sacrificed 8 h after the gavage. Aliquots of heart, soleus
muscle, periepididymal adipose tissue, and liver were taken.

In a separate experiment, 40 mg nitrendipine was ad-
ministered to 12 rats for five days at 6:00 PM; 12 rats
received the vehicle. Six rats per group were deprived of
food from 6:00 AM on the fifth day. At 6:00 AM the

w Žfollowing day, rats were anaesthetised by Hypnorm AB
.Leo, Helsingborg, Sweden, 0.5 mlrkg b.wt and diazepam

Ž w .Stesolid Novum , Dumex, Denmark, 0.5 mlrkg b.wt .
Then, perfusion of coronary vessels was carried out through
the aorta, by a modification of the method previously

Ž .described Liu and Olivecrona, 1991 . After removal from
the chest, the heart was immersed in ice-cold saline: the
beat ceased immediately. The aorta was rapidly cannulated
and residual blood was removed by a flush of ice-cold
saline. Then, Eagle’s medium oxygenated and supple-
mented with 5 grdl albumin, 100 mgrdl glucose, and 14.6

Ž .mgrdl glutamine pHs7.4 was infused at constant ve-
locity, keeping the pressure at about 60 mmHg. The
medium temperature in the reservoir was adjusted so that
the liquid flowing away from the heart reached about
358C. Under these conditions, a regular heart beat was

Ž .quickly restored rates60–120 beatsrmin . When this
was obtained, the perfusion was shifted to a medium with
the same composition, but also containing 5 Urml hep-
arin. The perfusate was collected in ice-cold tubes for 2
min. Thereafter, the perfusion was stopped and the heart
blotted dry. The ventricles were carefully cleaned from

atrial and connective tissue and weighed. An aliquot was
Ž .stored in the protease-inhibitor buffer see below .

All animal procedures were approved by the Animal
Ethics Committee in Umea.˚

2.2. Laboratory techniques

After excision, tissue samples were immersed in a
protease-inhibitor ammonia buffer and stored at y708C
until assays. The buffer contained per ml: 25 mmol NH , 13

mg bovine serum albumin, 10 mg leupeptin, 1 mg pep-
statin, 25 kU aprotinin, 5 mmol Na EDTA, 10 mg Triton2

X-100, 1 mg sodium dodecylsulphate, 5000 U sodium
heparin. The pH was adjusted to 8.2 with HCl. For assay
the samples were thawed, homogenised and centrifuged.
The supernatant was immediately assayed for LPL activity

Žas previously described Bengtsson-Olivecrona and Olive-
.crona, 1992 . When we centrifuged homogenised adipose

tissue, three fractions appeared: a floating fat phase, an
intermediate water phase, and a pellet. LPL was assayed in
the intermediate phase. These data are expressed as mUrg
wet tissue, where one mU is release of 1 nmol fatty acid
per min. LPL mass was measured by an enzyme-linked

Ž .immunoadsorbant method Bergo et al., 1996 and is ex-¨
pressed as mg LPL per gram tissue wet weight.

Hepatic lipase activity in liver homogenates was mea-
Žsured as previously described Bengtsson-Olivecrona and

.Olivecrona, 1992 .

2.3. Statistical analysis

Results were analysed by two-way analysis of variance
Ž .ANOVA and are presented as means"standard devia-
tion. Differences between means have been considered
significant if the null hypothesis was rejected at the 5%
level. When this was the case, Tukey’s test for honestly
significant differences or unpaired Student’s t-test were
performed for comparison between groups. The Statistical

Ž .Package for Social Sciences SPSS; Nie et al., 1975 was
used for the calculations.

3. Results

The activity of HL, as measured in liver homogenates,
was reduced in rats receiving high-dose nitrendipine as
compared to controls, both 3 and 8 h after drug administra-

Žtion. This difference was statistically significant F signifi-
. Ž .cance-0.001 at the 2-way ANOVA Table 1 .

Heart LPL was also affected by nitrendipine administra-
tion. Rats given high-dose nitrendipine had increased LPL
activity in heart homogenate, as compared to controls: this
difference was statistically significant 3 h after administra-

Ž .tion Table 2 . LPL mass showed a complex pattern. In
controls, it was higher at 8 than at 3 h after administration
of the vehicle, suggesting a circadian rhythm. This did not



( )T. Marotta et al.rEuropean Journal of Pharmacology 351 1998 357–361 359

Table 1
Effect of nitrendipine on hepatic lipase activity in rat liver

Ž .Activity mUrg tissue

Hours after administration

3 8

C 814"38 893"101
L 775"99 798"59

a aH 656"82 640"70

Data are means"S.D.
Cscontrol group; L s low-dose group; Hshigh-dose group.
aP -0.05 vs. control group.

happen in rats given nitrendipine, whose LPL mass was
lower at 8 than at 3 h. This resulted in a statistically
significant difference compared to controls at 8 h, and in a
significant two-way drugrtime interaction for LPL mass

Ž .changes P-0.003 .
To further explore the changes in heart LPL, we per-

fused hearts briefly with heparin-containing medium. This
brings out a fraction of the tissue LPL, presumably corre-
sponding to the endothelial-located ‘functional’ LPL. This
fraction is known to be higher in hearts from fasted

Ž .compared to fed rats Borensztajn and Robinson, 1970 .
This effect of fasting was confirmed in the present rats,
and occurred equally in the nitrendipine-treated as in the

Ž .control rats Table 3 . Although not statistically signifi-
cant, LPL activity was higher in both perfusion medium
and remaining in the heart in the nitrendipine-treated rats,
in agreement with the findings in Table 2. The important
point here is that the distribution between heparin-releasa-
ble and residual LPL was the same in the nitrendipine rats
as in the controls.

Lipoprotein lipase activity and mass in soleus muscle
and periepididymal adipose tissue were not changed after
nitrendipine treatment, in comparison with untreated ani-

Ž .mals Table 2 .

Table 2
Effect of nitrendipine on lipoprotein lipase activity and mass in rat tissues

Activity mUrg tissue Mass mgrg tissue

Hours after administration

3 8 3 8

Heart C 2115"244 2415"238 2.75"0.59 3.88"0.28
aL 2226"399 2286"393 3.50"0.40 2.66"0.52

a aH 2542"298 2953"519 2.72"0.71 2.38"0.45

Soleus C 1362"99 1486"178 1.81"0.25 2.47"0.24
L 1411"220 1502"190 2.34"0.65 3.27"0.46
H 1448"72 1619"107 2.00"0.38 2.37"0.33

Fat C 1030"204 1124"310 3.65"1.47 4.08"0.53
L 1225"326 1321"338 3.65"0.95 3.67"0.50
H 1120"439 766"107 3.53"1.70 3.66"0.48

Data are means"S.D.
Cscontrol group; L s low-dose group; Hshigh-dose group.
aP -0.05 vs. control group.

Table 3
Effect of nitrendipine on lipoprotein lipase activity in heparin-perfused rat
heart

Ž . Ž .Control mU Nitrendipine mU

Perfusate
Non-fasted 33"18 44"13

a a24 h fasted 136"69 158"71

Residual
Non-fasted 1404"227 1647"462
24 h fasted 1262"152 1528"478

Data are means"S.D..
aP -0.05 vs. non-fasted animals.
These rats had received the high-dose nitrendipine and were killed 12 h
after the last drug administration.

In a control experiment, we addressed the question if
nitrendipine per se could affect HL or LPL activity. To
resolve this matter, nitrendipine was added to homogenates
of heart and liver to concentrations of 5, 10, 50, 100 and
1000 mgrml before assay of HL and LPL activity, respec-
tively. In a parallel experiment, the drug was added di-
rectly to the incubation medium to the same concentra-
tions. In vitro addition of nitrendipine had no effect on HL
or LPL activity.

4. Discussion

This study shows that nitrendipine decreases HL, but
has relatively little effect on LPL. The doses of nitrendip-
ine that we administered are well above the amount usu-

Žally prescribed for clinical purposes 20 mg, i.e., about 0.3
.mgrkg . It should be noted, however, that higher doses are

necessary to reduce blood pressure in hypertensive rats
than in humans: in the spontaneous hypertensive rat, for
example, the dose able to reduce blood pressure by 20

Ž .mmHg ED is 1.2 mgrkg. In the normotensive Wistar20

Kyoto rat, as much as 13.9 mg nitrendipine per kg are
Ž .required to obtain the same effect Stoepel et al., 1981 .

Since we looked for a metabolic effect of the drug and not
Ž .for its main effects that is, the cardiovascular ones in a

normal rat, we decided to use doses in the same range of
the ED in Wistar Kyoto rats and 10 times higher.20

Apparently, rats did not suffer from this dose of drug: their
behaviour did not differ from that of control animals and
their body weight at the end of the study was the same.

The administration of nitrendipine led to a dose-depen-
dent decrease of HL activity, which reached 20–25% when
the high dose was given. It is known that the drug is

Ž .selectively metabolised in the liver Meyer et al., 1983 :
therefore, a high drug concentration in intracellular vesi-
cles can be expected in hepatocytes. Other pharmacologi-
cal effects of nitrendipine have been shown in the liver: in
particular, a cytoprotective effect against hypoxia has been

Ž .observed Thurman et al., 1988 . Our finding is in agree-
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ment with the observation that the release of HL is inhib-
Ž 2q .ited by cobalt ions competitive Ca inhibitors and by

verapamil, a phenylalkylaminic Ca2q channel antagonist,
Ž .in cultured rat hepatocytes Rustan et al., 1986 .

Lipoprotein lipase activity was not much affected by the
drug. Nitrendipine binds with high affinity to cardiac

Ž .membranes Williams and Tremble, 1982 . The sole tissue
where we found an effect on LPL was indeed in the heart,
where the activity was increased in high-dose rats, as
compared to controls, without changes in the proportion of
the enzyme located in the heparin-releasable pool.

While it is controversial whether high LPL levels has
favourable or unfavourable effects in relation to athero-

Ž .sclerosis Olivecrona and Olivecrona, 1995 , experimental
and clinical data indicate that an elevated HL activity is
associated with conditions predisposing to accelerated
atherosclerosis. The overexpression of the HL gene in the
rabbit induces a decrease in high-density lipoproteins
Ž . Ž .HDLs Fan et al., 1994 . In humans, HL activity corre-
lates with the fractional removal rate of HDLs, while an
inverse correlation between this parameter and the

Ž .LPLrHL ratio is present Brinton et al., 1991 . Clinical
observations confirm these physiopathologic findings. In
fact, LPLrHL ratio is elevated in hyperinsulinaemic rela-

Žtives of non-insulin-dependent diabetic patients Knudsen
.et al., 1995 . Moreover, reduced LPL and increased HL

activities have been measured in hypertriglyceridaemic
patients with coronary heart disease, in comparison with

Ž .patients with normal triglyceride levels Karpe et al., 1993 .
Thus, according to a reasonable view, a high LPLrHL
ratio seems to be protective against atherosclerosis, proba-
bly because in these conditions triglycerides can be drained
away from the apolipoprotein-B-containing particles and a
sufficient amount of cholesterol can shift towards the
HDLs. At the same time, triglycerides in HDLs are not so
rapidly hydrolysed; therefore, they can be exchanged with
cholesterol in very-low-density and low-density lipopro-

Ž .teins Lechleitner et al., 1990 .
In this light, should the changes in lipolytic enzymes

that we observed during nitrendipine administration be
confirmed in patients on the usual therapeutical doses, this
could be regarded as a useful tool for the management of
hypertensive patients.
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