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Abstract:

Effects of amlodipine, lacidipine and nicardipine on acute phase of inflammation in the carregeenan model in intact rats were
investigated in this study. In addition, the most effective dose of nicardipine that had the highest anti-inflammatory impact was
investigated in carregeenan test in adrenalectomized rats. The effective dose of nicardipine was tested in the chronic phase of
inflammation in the model of cotton pellet granuloma, and its efficiency was compared with diclofenac sodium. Amlodipine at 5 and
10 mg/kg doses showed 61%, 80%, lacidipine 73%, 34% and nicardipine 38%, 87% inhibition of carrageenan-induced
inflammation, respectively. Nicardipine (10 mg/kg) and diclofenac sodium (25 mg/kg) showed 11.6% and 16.2% inhibition,
respectively against carrageenan-induced edema. Diclofenac at 10 mg/kg showed 43% inhibition of the inflammation. In cotton
pellet test, antiproliferative effects of nicardipine (10 mg/kg) and diclofenac sodium (10 mg/kg) were evaluated as 60% and 39.5%,
respectively. The obtained results showed that calcium channel blockers and diclofenac sodium significantly blocked acute and
chronic phases of inflammation in intact rats, but in adrenalectomized rats calcium channel blockers and diclofenac sodium had no
significant antiinflammatory effect.
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Introduction

Amlodipine, lacidipine and nicardipine are calcium
channel antagonists. They are dihydropyridine deriva-
tives. They have high affinity for L-type calcium
channels [2, 43]. Calcium channel antagonists are
useful in various diseases, such as angina pectoris, hy-
pertension, hypertensive crisis, arrhythmia, left ven-
tricular diastolic dysfunction, myocardial infarction,
Raynaud’s phenomenon, progressive systemic sclero-
sis, peripheral vascular diseases, chronic renal failure,
Conn syndrome, pulmonary hypertension, migraine

and esophageal spasm [2, 38]. Amlodipine, lacidipine
and nicardipine are vasoselective calcium channel
blockers [44].

Calcium channel blockers generate their effects by
coupling to L1 subtype of L-type calcium channels on
the cell membrane [2, 39]. Calcium participates in
many body functions and it has been shown to play an
important role in the synthesis and release of chemical
mediators of inflammation [1].

An increase in calcium ions in the tissues and cells
can cause pain and inflammation. On the other hand,
a decrease in calcium levels prevents or attenuates
pain and inflammation [6]. In addition, it has been
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shown that intradermal injection of calcium causes
acute inflammation [21]. As it is well known, poly-
morphonuclear leucocytes (PNL) play a role in en-
hancing the inflammation [23]. Many experimental
studies showed that calcium ions play an important
role in PNL activation [15]. Calcium ions stimulate the
synthesis of lipooxygenase (LO) products by activating
the enzyme 5-LO in cells. Furthermore, Ca channel
blockers enhances the synthesis of eicosanoids by acti-
vating cytosolic phospholipase A2 (cPA2) [9, 29]. The
role of eicosanoids (the metabolites of arachidonic
acid) in acute inflammation is known [32]. Also, the
role of the metabolites of arachidonic acid in the patho-
genesis of carrageenan-induced inflammation has been
demonstrated [34]. Carrageenan-induced model of in-
flammation is used to investigate the effects of
substances on acute phase of inflammation, while cot-
ton pellet granuloma test is used to investigate the effect
of substances on chronic phase of inflammation [4, 47].
Mechanisms of action of steroidal and non-steroidal anti-
inflammatory drugs are based on the inhibition of the syn-
thesis of chemical mediators of inflammation [30]. Gluco-
corticoids known as steroidal antiinflammatory drugs are
synthesized in the adrenal cortex. They have been shown
to play a role in the mechanism of action of non-steroidal
antiinflammatory drugs [5, 48].

There are many articles which explain the mecha-
nism of antiinflammatory action of calcium channel
blockers in intact rats [1, 13, 16, 27, 28, 33]. But there
is no study about the antiinflammatory effects of cal-
cium channel blockers in adrenalectomized animals.

The aim of this study was to investigate the effects
of amlodipine, lacidipine and nicardipine on acute
phase of inflammation in the model of carrageenan-
induced inflammation in intact rats, and then in the
same model in adrenalectomized rats to investigate the
role of adrenal gland hormones in antiinflammatory
mechanisms of the most effective dose of the most
powerful calcium channel blocker. In addition, we in-
vestigated the effects of this drug on chronic phase of
inflammation using the cotton pellet granuloma test.

Materials and Methods

Animals

A total of 84 adult male Wistar albino rats weighing
200–215 g, obtained from the Department of Pharma-

cology, Experimental Animal Laboratory, Faculty of
Medicine, Atatürk University, were used in this study.
The rats were fed standard laboratory chow and tap wa-
ter before the experiment. Rats were housed at 22°C.

Chemicals

Amlodipine (Norvasc, 10 mg) was supplied by Pfizer
Turkey, lacidipine (Lacipil, 4 mg) was purchased
from GlaxoSmithKline Turkey, nicardipine (Loxen,
20 mg) was purchased from Sandoz Pharma Turkey,
diclofenac sodium (Voltaren, 50 mg) was purchased
from Novartis Turkey, and thiopental sodium (Pento-
thal sodium, 1 g) was purchased from Abbott Turkey.

Carrageenan-induced inflammation model

in intact rats

In this series of experiments, the antiinflammatory ef-
fects of amlodipine, lacidipine and nicardipine were
investigated in inflamed paw edema [8]. We used a to-
tal of 48 rats divided into 8 groups. The mentioned
drugs were given to animals perorally (po), with the
aid of gavages, in 5 and 10 mg/kg doses. The anti-
inflammatory efficiency of drugs was compared with
10 mg/kg po diclofenac sodium. The same volume of
distilled water was given as a solvent to the control
group. One hour after the administration of the drugs,
0.1 ml of 1% carrageenan was injected into the paws
of each rat. Before the carrageenan injection, foot vol-
umes of animals had been measured with plethys-
mometry from their toes to knees. Carrageenan-
induced increase in paw volume (paw edema) was
measured five times at 1 h intervals.

The anti-inflammatory effects of drugs were deter-
mined by comparing the results which were obtained
with the control group.

Carrageenan-induced inflammation model

in adrenalectomized rats

In this series of experiments, the effect of nicardipine,
which was found the most effective drug in
carrageenan-induced model of inflammation in intact
rats, was investigated in carrageenan-induced inflam-
mation test in adrenalectomized rats. For using this
method, adrenals of 18 rats were taken out under the
ketamine (25 mg/kg) anesthesia [4]. After surgery,
rats were supported by 1% solution of sodium chlo-
ride instead of water and pellet food during seven
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days. On the eighth day, we divided adrenectomized
rats into 3 groups. Nicardipine at a dose of 10 mg/kg
was given to one group of rats and diclofenac sodium
at a dose of 10 mg/kg was given (po) to another group
of adrenalectomized rats. Distilled water was given
by the same route to the control group of rats. One
hour after the administration, 0.1 ml of 1% carrageenan
was injected into the paw of each animal, and the anti-
inflammatory effects of drugs were determined by us-
ing the procedure which was mentioned above.

Cotton pellet granuloma test

In this part of experiment, we used 18 rats divided
into 3 groups. In these series of experiments, the ef-
fects of nicardipine and diclofenac sodium on the pro-
liferative phase of inflammation were examined [3].
Nicardipine at 10 mg/kg was given to one group of
rats and 10 mg/kg of diclofenac sodium was given po

with the aid of gavages to another group. Control
group received equal volume of distilled water. Thirty
minutes after the administration of drugs, rats were
anesthetized by 25 mg/kg of ketamine. Then, cotton
pellets, weighing 7 ± 1 mg and prepared under sterile
conditions, were implanted subcutaneously (sc) in the
interscapular area. Drugs were administered once
a day for a period of 7 days. On the 8th day, rats were
killed with high dose (50 mg/kg) of thiopental so-
dium. Cotton pellets with the granuloma tissue were
removed and weighed.

Antiproliferative effects of drugs were determined
by comparing the obtained results in the test groups
with the results of control group.

Statistical analyses

All results were shown as the means ± SD. One-way
analysis of variance was used to evaluate the results;
p < 0.05 was considered significant.

Animal experiments were performed in accordance
with the national guidelines for the use and care for
laboratory animals and were approved by the local
animal care committee of Atatürk University.

Results

Carrageenan test in intact rats

After 4 h, 5 and 10 mg/kg doses of amlodipine
showed 61%, 80%, lacidipine 73%, 34% and nicar-
dipine 38%, and 87% inhibition of carrageenan-
induced inflammation, respectively (Tab. 1). The dose
of 10 mg/kg of diclofenac sodium showed 43% inhi-
bition of the inflammation.

In control group, inflamed paw volume showed an
increase of 0.42 ml in comparison with the normal
value. The increases in paw volumes were 0.16 and
0.08, 0.11 and 0.27, 0.26 and 0.06 ml for the groups of
amlodipine, lacidipine, nicardipine at 5 and 10 mg/kg,

694 �����������	��� 
������ ����� ��� �������


�� �  ��
��� �� ���������
 ���������
 ����������
 ��� ������
��� ������ �� ������

���%�����
� ������������ )��* 
�
��+ �� ������ ����

Drugs Number of rats Dosage
(mg/kg)

Paw edema volume (ml) Increase in foot vs.
normal (ml)

Antiinflammatory
effect (%)

p

Before
inflammation

Four hours after
inflammation

Amlodipine 6 5 0.83 0.99 0.16 ± 0.02 61 p < 0.001

Amlodipine 6 10 0.79 0.87 0.08 ± 0.08 80 p < 0.0001

Lacidipine 6 5 0.89 1.00 0.11 ± 0.18 73 p < 0.0001

Lacidipine 6 10 0.82 1.09 0.27 ± 0.14 34 p < 0.05

Nicardipine 6 5 0.82 1.08 0.26 ± 0.09 38 p < 0.02

Nicardipine 6 10 0.83 0.89 0.06 ± 0.10 87 p < 0.0001

Diclofenac
Sodium

6 10 0.82 1.06 0.24 ± 0.13 43 p < 0.01

Control 6 – 0.84 1.26 0.42 ± 0.10 – –



respectively; and it was 0.24 ml for diclofenac sodium
at 10 mg/kg.

Carrageenan test in adrenalectomized rats

In the 4th hour, nicardipine (10 mg/kg) and diclofenac
sodium (25 mg/kg) showed 11.6% and 16.2% inhibi-
tion, respectively, against carrageenan-induced edema.
The increases in inflamed paw volume in the group of
nicardipine, diclofenac sodium and control were 0.61,
0.58 and 0.69 ml, respectively in comparison with the
normal value (Tab. 2).

Cotton-pellet granuloma test

On 8th day, mean weights of moist pellets taken out
from the rat groups which were administered nicar-
dipine (10 mg/kg), diclofenac sodium (10 mg/kg), and
the control group were 178.8 ± 59 and 261.2 ± 17 mg
and 447.5 ± 34 mg, respectively. According to these
results, antiproliferative effects of nicardipine and di-
clofenac sodium were evaluated by 60% and 39.5%,
respectively (Tab. 3).

Discussion

In this study, the effects of amlodipine, lacidipine and
nicardipine on acute phase of inflammation were ex-
amined in the carrageenan model of inflammation in
intact rats. In addition, the most effective dose of
nicardipine that had the highest anti-inflammatory im-
pact was investigated in carrageenan test in adrenalec-
tomized rats. The effective dose of nicardipine was
tested in the chronic phase of inflammation in the
model of cotton pellet granuloma, and its efficiency
was compared with diclofenac sodium. Our studies on
rats showed that all Ca channel blockers which we
tested significantly prevented the carrageenan-in-
duced inflammation in intact rats. Amlodipine (in 5
and 10 mg/kg doses) decreased the carrageenan in-
duced inflammation significantly. The antiinflamma-
tory effects of amlodipine 10 mg/kg were higher than
those observed for 5 mg/kg dose of amlodipine, but
the difference found between these two groups was
not statistically significant. The antiinflammatory
power of amlodipine was dose-dependent, but the
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Drugs Number
of rats

Dosage
(mg/kg)

Paw edema volume (ml) Increase in foot volume vs.
normal (ml)

Antiinflammatory
effect (%)

p

Before
inflammation

Four hours after
inflammation

Nicardipine 6 10 0.85 1.46 0.61 ± 0.12 11.6 p > 0.05

Diclofenac
Sodium

6 25 0.86 1.44 0.58 ± 0.11 16.2 p > 0.05

Control 6 – 0.82 1.51 0.69 ± 0.25 – –
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Drugs Number of rats Dosage
(mg/kg)

Initial weight of
cotton pellets (mg)

Weight of cotton
pellets which were

removed after 8 days
(mg)

Antiproliferative
effect (%)

p

Nicardipine 6 10 7 ± 1 178.8 ± 59 60.0 p < 0.03

Diclofenac

Sodium

6 10 7 ± 1 261.2 ± 17 39.5 p < 0.05

Control 6 – 7 ± 1 447.5 ± 34 – –



power of lacidipine was not dose-dependent. Lacidip-
ine at 5 mg/kg showed stronger anti-inflammatory ef-
fect. The difference between the effective doses of la-
cidipine was statistically significant. The anti-
inflammatory effect of 5 and 10 mg/kg doses of nicar-
dipine and the difference between the doses were sta-
tistically significant. The most effective dose of nicar-
dipine was 10 mg/kg. The results showed that nicar-
dipine was the most effective Ca channel blocker in
the carrageenan test. It is known that Ca channel
blockers inhibit the entrance of extracellular calcium
to intracellular space. Many studies have shown that
calcium ions play an important role in the synthesis
and release of the chemical mediators of inflamma-
tion [1, 21, 25]. It is known that histamine, serotonin,
bradykinin, nitric oxide (NO), LO products, cytoki-
nes, free oxygen radicals, lysosomal enzymes, prosta-
glandins, etc. are implicated in development of in-
flammation [8, 22, 42, 49]. It has been shown that
these mediators also have a role in carrageenan-in-
duced inflammatory reaction [19, 34, 51].

Verapamil, a calcium channel blocker, was shown
to antagonize the destructive effects of histamine on
the gastric tissue [45]. An increase in intracellular cal-
cium ion in mast cell caused activation of these cells
and release of histamine, which plays an important
role in inflammation [10]. In addition, many studies
have shown that verapamil had an antiinflammatory
effect [13, 33]. Also in another study it was deter-
mined that a T-type calcium channel blocker, mibefra-
dil blocked more strongly histamine-induced paw
edema in rats in comparison with indomethacin [7]. It
is known that dihydropyridine derivatives (nifedipine,
nisoldipine, nicardipine) decrease the production of
mediators of inflammation; these mediators are pros-
taglandin, oxygen anion, elastase, etc., and they take
part in the pathogenesis of inflammation [28]. It is
thought that antiatherogenic effect of calcium channel
blockers may result from the anti-inflammatory effect
of these drugs. Antiinflammatory effect of verapamil
relies on inhibition of the synthesis of cytokines and
NO, which are known as mediators. It also produces
its antiinflammatory effect by blocking the migration
and adhesion of PNL [13, 33]. The antiatherogenic ef-
fect of amlodipine was reported to depend on its
anti-inflammatory activity by the inhibition of NO
synthesis [26].

Amlodipine decreased the production of superox-
ide radical and increased the level of superoxide dis-
mutase in angiotensin-induced oxidative stress. In ad-

dition, amlodipine prevented the oxidation of low
density lipoprotein (LDL) by inhibition of lipid per-
oxidation [52]. Amlodipine decreased the level of cy-
tokines (TNF-�, IL-6 etc.), which increase in inflam-
matory events [35]. The previous studies and investi-
gations have shown that the antiatherogenic effect of
dihydropyridine may arise from the anti-inflamma-
tory and antioxidant effects [27].

Amlodipine, lacidipine and nicardipine that were
used in our study, markedly decreased the carrage-
enan-induced inflammation. It is known that inflam-
matory reaction which is induced by carrageenan has
two phases. They are called early (till 1 h) and late
phases (1–4 h) [11]. It has been shown that early
phase is dependent on the release of histamine, sero-
tonin and bradykinin, while the late phase is depend-
ent on the formation of prostaglandins [41]. In addi-
tion, hydrogen peroxide, superoxide and hydroxyl
radicals which originate from neutrophils also play
a role in infiltration of neutrophils in the late phase of
carrageenan-induced inflammation [34, 37]. It is
known that cyclooxygenase (COX) and LO play
a role in formation of carrageenan-induced edema [17].
There is some evidence that NO can contribute to the
increased permeability of vessels in carrageenan-
induced edema [36]. By increasing the production of
bradykinin in the early phase of carrageenan-induced
inflammation, it elicits the activation of L and T type
calcium channels and increases the level of intracellu-
lar calcium level [14]. Vajja and coworkers have
shown that the release of IL-1� increases with the in-
crease in intracellular calcium level [50].

Antiinflammatory effect of amlodipine, lacidipine
and nicardipine which were used in this study reached
the highest level in the fourth hour after injection of
carrageenan. This time period is accepted as the late
phase of carrageenan inflammation which was men-
tioned above. All the knowledge from literature and
from the studies we have conducted shows that cal-
cium ions play a principal role in synthesis and release
of inflammatory mediators which cause inflammation.

In our study, 10 mg/kg dose of nicardipine was de-
termined to be the most powerful inhibiting drug in
carrageenan-induced inflammation in intact animals.
Antiinflammatory effect was investigated in carre-
geenan test in adrenalectomized rats, as well. Nicar-
dipine in adrenalectomized rats decreased carra-
geenan inflammation by 11.6% in comparison with
control group, which was found statistically insignifi-
cant. Nicardipine decreased carrageenan induced in-
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flammation in intact animals by 75.4%. The percent-
age was statistically significant compared with the ad-
renalectomized rats. Antiinflammatory effects of
nicardipine in adrenalectomized rats were lower in the
early phase of inflammation elicited by carregeenan.
Like in intact rats, also in adrenalectomized rats, the
increases in paw volumes were measured five times at
1h intervals. The antiinflammatory effects of nicar-
dipine in adrenalectomized rats were found insignifi-
cant at all times measured. Moreover, increment of in-
flamed paw volume in intact animals in control group
was calculated as 0.42 ± 0.1 in comparison with the
normal value. This increment was 0.61 ± 0.12 in ad-
renalectomized rats, which were given 10 mg/kg dose
of nicardipine. These data show that inflammation in-
duced by carrageenan in adrenalectomized rats is
stronger than in intact rats. In the control group of ad-
renalectomized rats, inflammation was increased by
60.8% as compared with the control group of intact
rats.

There are many articles which explain the mecha-
nism of antiinflammatory action of calcium channel
blockers in intact rats [12, 13, 16, 27, 28, 33], but
there is no study about the antiinflammatory effects of
calcium channel blockers in adrenalectomized ani-
mals. Is it possible that calcium channel blockers can-
not influence its own receptors in adrenalectomized
rats? It is possible that the decrease in antiinflamma-
tory effect of calcium channel blockers in adrenalec-
tomized rats results from the decreased sensitivity of
nicardipine binding to �-1 subtype of calcium chan-
nel. However, diclofenac sodium which had no action
on calcium channels had an insignificant antiinflam-
matory effect. These results show that adrenal gland
hormones are endogenous factors which may play a
central role in blocking inflammation. The results of
our experiments have shown that the blockage of calcium
channels with nicardipine and inhibition of inflammatory
mediators with diclofenac sodium insignificantly sup-
pressed the inflammation in adrenalectomized animals.

The levels of glucocorticoids are increased in in-
flammation [46]. This increase can be seen as a defen-
sive mechanism of the body in response to inflamma-
tion. It was shown that the death in adrenalectomized
animals depended on the decreased resistance against
infections and inflammations [20].

As it is well known, glucocorticoids exert their an-
tiinflammatory effect by inhibiting the synthesis of
mediators of inflammation and suppressing the genes
of proinflammatory cytokines [18]. It is known that

the increased NO production in inflammation is inhib-
ited by glucocorticoids [30]. The increased synthesis
and release of corticotropin-releasing hormone (CRH)
in adrenalectomized animals is natural. CRH gener-
ates inflammation by stimulating the production of
proinflammatory cytokines in macrophages and it has
been reported that antalarmine which is a CRH recep-
tor inhibitor, suppressed this inflammation [3].

The effects of nicardipine and diclofenac sodium
on chronic phase of inflammation in cotton pellet
granuloma test of intact rats were investigated, either.
The cotton pellet test is a chronic inflammation model
which is used for evaluating the antiproliferative ef-
fects of drugs [40].

Nicardipine at 10 mg/kg decreased the weight of
cotton pellets, which were placed subcutaneously, by
60% compared to the control. The antiproliferative
power of nicardipine was found to be by 65.8%
higher than that of diclofenac sodium at the same
doses. The results which were obtained from cotton
pellet granuloma test showed that the antiproliferative
effect of nicardipine was more significant than that of
diclofenac sodium. The difference between the antiin-
flamatory effects of nicardipine and diclofenac so-
dium was found to be statistically significant. The
most effective dose of nicardipine in carrageenan-
induced inflammation in intact rats was investigated
in chronic inflammation. After a short time from the
beginning of acute inflammation, proliferative cells
developed and inflammation became chronic. These
cells were spread or granuloma was formed.

Prevention of the collagen fiber formation and sup-
pression of mucopolysaccharids are indicators of the
antiproliferative effect of antiinflammatory agents [50].

In the nicardipine group, the volume of cotton pel-
lets was smaller, and the extent of hyperemia was
lesser when compared with the control group macro-
scopically. In control group, the extent of hyperemia of
tissues around cotton pellets was profound. Hyperemia
was less intense in the nicardipine group compared
with the diclofenac sodium and control groups.

Monocyte infiltration and fibroblast proliferation
rather occur in chronic inflammation than neutrophil
infiltration and exudation [24]. Activated mono-
cyte-macrophages are blood cells which have antitu-
mor and antimicrobial functions. Also they have
phagocytotic function against pathogens [36].

In summary, we can say that carrageenan produced
by 60.8% stronger inflammation in adrenalectomized
rats than in intact rats. It should be possible that the
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inflammation elicited by carrageenan in intact rats
may have occurred by the activation of calcium chan-
nels. Violent inflammation which was induced by
carrageenan in adrenalectomized rats may have
caused cell membrane damage. Violent inflammation
with cell membrane damage in adrenalectomized rats
may have depended on the blockade of the production
of natural glucocorticoids and on the increase in the
level of CRH which has proinflammatory effect. Cal-
cium channel blockers may have suppressed the in-
flammation evoked by carrageenan in intact rats by
blocking L-type calcium channels.

Blocking calcium channels by nicardipine was not
enough for elimination of the inflammation induced
by carrageenan in adrenalectomized rats. In the light
of this observation, we can say that adrenal gland hor-
mones play an important role in protecting the en-
tirety of cell membrane. In addition, it is possible that
nicardipine may have depressed the chronic inflam-
mation by decreasing the proliferation of fibroblasts
and infiltration of monocytes, by blocking the produc-
tion of collagen fibers and by suppressing mucopoly-
saccharides as classic non-steroidal anti-inflamatory
drugs. Further studies are required for clarification of
the mechanism of anti-inflammatory action of cal-
cium channel blockers.
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