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Abstract Ozet

Objective: Calcium ion has an important role in tsgnthesis ar Amag: Kalsiyum iyonu inflamasyon esnasinda kimyasal medir
release of chemical mediators during inflammatidhe aim o lerin sentez ve saliveriimesinde dnemli rol oyr@alismamizir
this study was to examine the anti-inflammatoreet$ of Ltype amaci L-tipi kalsyum kanal blokérlerinin sicanlarda gturular
calcium chanel blockers on acute and chronic inflamma akut ve kronik inflamasyon modellerinde anti-inflatmar etkile-
models in rats and also to examine the effectsiadrdipine ol rini arastirmak ve nikardipinin taganlarda kapiller vaskul
capillary vascular permeability in rabbits. permeabilite Gizerine etkisini derlendirmektir.

Material and Methods: Effects on aute phase of inflammation Gere¢ ve Yontemler: Sicanlarda histamin ile ciwrulan pence odel
verapamil, diltiazem and nicardipine (10 mg/kg ddseere com- testinde, verapail, diltiazem ve nikardipinin (10 mg/kg dozlan
pared with diclofenac sodium (25 mg/kg) in histagdimduced pa inflamasyonun akut fazina etkileri, diklofenak gooh (25 mg/kg) il
edema model. Aftemeasuring the right hind paw volumes of | kasllastirildi. Hayvanlarin sa arka ayak hacimleri 6lgilc
drugs were injected intraperitoneally 30 minutesrlaPaw deme intraperitoneal ilaglar enjekte edildi. 30 dkonra, ayni ayaklar
was induced by 0.1 mL subplantar histamine (0.I%gxtion tothe %0.1'lik histamin soliisyonu ile inflamasyon guruldu. Histamin
same paw. Subsequent paw volumes were measur@dnaindtes enjeksiyonlarini takiben, 30 dk. araliklarla hayean pence édemle-
intevals. Effects of the drugs on the chronic phasewested wit ri Ol¢lldi. Kalsiyum kanal blokerlerinin kronik faztkileri Cotton-
cotton pellet granuloma method in rats, and effécticardipne or Pellet graniloma methoduyla ile ve nikardipinin ikep vaskile
capillary vascular permeability was examined witralaronidas permeabilite Uizerine etkisi ganlarda hiyalurinidaz testi ile gerlen-
test in rabbits. Results were compared with comfrolps. dirildi. Sonugclar kontrol gruplari ile katastiriidi.

Results: In acute inflammation model, after the thimine injection: Bulgular: Akut inflamasyon modelinde, histamin enjeksiyonum
maximal paw edema was observed at 30 min. Whilepaeil anc sonra maksimum pencge ddemi 30. dk.da g6zlendi.péend ve
diltiazem did not have an anti-inflammatory effegtardipine and di- diltiazem anti-inflamatuar etki yapmazken, nittigin ve
clofenac sodium showed significant anti-inflammgtexivities of diklofenak sirasiyla %63.77 (p= 0.000) ve %4283 0.002)'lGk
63.77% (p= 0.000) and 42.93% (p= 0.002), respdgtiVéhile vera- anti-inflamatuar etki gostdiler. Diger dlcimlerde de verapar
pamil and diltiazem had similar effects to thosehafcontrol grou) ve diltiazem kontrol grubuna ve birbirine benzékilet gosterir-
and to each other (p> 0.05), nicardipine had thet ppotent actity ken (p> 0.05), nikardipin en gugli anti-inflamatwkiyi sergile-
(p< 0.05). Also, nicardipine (3 mg/kg) significantieduced hyalu- di (p< 0.05). Ayrica, nikardipin hiyaluronidaz ilelusturular
ronidase-induced capillary permeability (p= 0.0@8Iciumchanne kapiller permeabiliteyi de azaltti (p= 0.000hflamasyonun kro-
blockers did not show anti-proliferative effectshachronic phase nik fazinda kalsiyum kanal blokdrleri antiproliféifaetki goster-
inflammation, mediler.

Conclusion: Since nicardipine, a calcium channel blocker signif  Sonug: Kalsiyum kanal blokdrlerinden nikardipin histaminiee
cantly inhibited histaminérduced acute inflammation and olusturulan akut inflamasyonu ve hiyolurinidazin yayalralanini
dissemination area of hyaluronidase, its @mftammatory effec belirgin olarak inhibe etfinden dolayl gdstermioldugu anti-
may be due to its higher vaso-selectivity peripheral vascul inflamatuar etkisi periferal vaskiler duz kaslardaha vazo-
smooth muscles and on preventing the increase sfular per- selektif olmasina ve vaskiler permeabilite sami dnlemesine
meability. bagl olabilir.
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Inflammation is involved in the pathogenesis Material and Methods
of various diseases, and the special components of  Animals: Male Sprague-Dawley rats (175-200
inflammation are hemodynamic changes, poly-gr) and rabbits (3.5-4 kg), which were obtained
morphonuclear leukocyte infiltration and secretion from the Atattirk University Pharmacology Labo-
of inflammatory mediators. ratory and were nourished under normal condi-

Anti-inflammatory mechanisms of steroidal tiOns, were used. Each experimental group con-
and/or non-steroidal anti-inflammatory drugs used Sistéd of six animals. The study was performed
in the therapy of inflammatory diseases are de-according to the international, national and instit
pendent on inhibiting of the synthesis of chemical tional rules considering animal experiments rights.
mediators during inflammatioh® Calcium ion Drugs: Verapamil (Knoll- Turkey), diltiazem
plays an important role in the synthesis and re-(Mustafa Nevzat B8-Turkey), nicardipine (Sigma-
lease of chemical mediators of inflammatidif USA), diclofenac sodium (Fako $ATurkey) and
While increased calcium may potentiate nocicep- histamine (Sigma-USA) were dissolved in distilled
tion or inflammatory events, decreased calciumwater. Verapamil, diltiazem, nicardipine and di-
may reduce such everit¥’ Intra-dermal injection  clofenac sodium were administered 1 mL intra-
of calcium results with acute inflammatibh. peritonally (ip). Hyaluronidase was obtained from
Again, calcium interacts with various analgesic Sigma-USA, and dissolved in NaCl 0.9% solution.

and anti-inflammatory drugs, which partly inhibit Histamine-induced paw edemd® In pre-
calcium influx via calcium channels; therefore, liminary experiments, ip administrations of vera-
intracellular calcium level is decreased by thesepamil, diltiazem and nicardipine did not produce
drugs:+*? any detectable edema. After measuring normal
Inflammatory process has two phases: Acutepaw volumes of the animals using a plethysmome-
and chronic. Acute inflammation is characterized ter (model 7140; Ugo Basile, Milan, Italy), vera-
by fever, pain, and edema, whereas the characterisPamil (10 mg/kg), diltiazem (10 mg/kg), nicardip-
tic of chronic inflammation is cellular prolifera- ine (10 mg/kg), diclofenac sodium (25 mg/kg) for
tion. Complement system, fibrinolytic system and the study groups and distilled water for the cdntro
hyaluronidase enzyme in plasma are activated dur9roup were administrated by ip injection 30 min-
ing inflammation® Hyaluronidase activity in blood Utes later. Paw edema was induced in rats by sub-
is increased during inflammation and the reduction Plantar injection of 0.1 mL histamine (0.1%) to the
of the inflammation parallels a decreasing in hya-"'ght hind paw. Subsequent volume readings for

luronidase activity® Acute inflammation models the same paw were carried out at 30- minute inter-

are induced by histamine, carrageenan, serotonin¥@!S- Results were measured as percentage differ-

formaline, dextran, bradykinin, and prostaglandin. ENC€S Versus initial volumes. The ratio of anti-
Models of chronic inflammation, which is pro- inflammatory activity of the drugs was calculated
voked by subcutaneousc) implantation of foreign  PY the following equation:
bodies, are used to investigate the effects ofdru Anti-inflammatory activity (AlA%0)= (1-

g g
on a chronic phase of inflammatich. D/C) x 100.

In this study, we aimed to evaluate the acute D represents the percentage difference of paw
and chronic anti-inflammatory effects of the differ volume after drug administration a@drepresents
ent L-type calcium channel blocker drugs (vera- the percentage difference of paw volume in the
pamil, diltiazem and nicardipine) and to compare control group.
them with diclofenac sodium and each other. In Cotton-pellet granuloma test** Verapamil

addition, we evaluated the effect of nicardipine in (10 mg/kg), diltiazem (10 mg/kg), nicardipine (10
the 'hyalurqnidase-induced capillary permeability mg/kg), diclofenac sodium (25 mg/kg) and dis-
test in rabbits. tilled water (1 mL) were administrated by ip injec-
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tion 20 minutes after autoclaved sterile pellets of Trypan blue (0.8 mL of 0.75%) was added to this
cotton, weighing 10 + 1 mg each, were aseptically hyaluronidase solution (0.5 mL). The last mixture
implanted in the inter-scapular distance under the(0.1 mL) was injected subcutaneously in the ab-
skin on the previously shaved back of the ratsdominal region after 1 h of each oral drug admini-
which were anesthetized with ip injection of thio- stration. The appearance of the blue area was
pental sodium 25 mg/kg. The same doses of themeasured after 1, 5 and 30 min of injection as
drugs were given once a day for a period of severmn?. The size of the blue area corresponds the
days. Control group was nourished with the samegactivity of the hyaluronidase enzyme and capillary
volume of water. On day eight, the rats were killed permeability, i.e. the smaller the appearance ef th
by decapitation and the pellets surrounded withpjye area, the lower the activity of the hyaluroni-
granuloma tissue were dissected out carefully andyase enzyme and capillary permeability. The re-

dried at 70C. The mean weight of the granuloma gyjts obtained were compared with those of the
tissue formed around each pellet was recorded. Theontrol group.

pellets were weighed both moist and dry. The Statistical Methods
weight of the pellets extracted from study ratd tha

received drugs were compared to the weight of Values are presented as mean + SEM. Statisti-
pellets removed from the control group and from cal analysis was performed by ANOVA and post-

the diclofenac sodium administered rats. hoc LSD test. The significance level was accepted
as p< 0.05.
Hyaluronidase-induced capillary perme- P
ability test:**In this section of the experiment, the Results
effects of nicardipine (3 mg/kg) and diclofenac Effects of C&* channel blockers on hista-

sodium (5 mg/kg) on hyaluronidase-induced capil- mine-induced paw edema:
lary permeability were investigated. The rabbits

e . I limi iments, €a ch I
(n= 18) were divided into three equal groups and n_prelimnary experiments, %.a channe

their abdominal hai haved. The first blockers used in our study did not produce any
€lr abdominal hair-were shaved. The ISt 9roub et ctaple edema in the non-treated paw. After
received nicardipine, while the second group "€ histamine injection, edema of the rat paws devel-

ceived' diclofenac sodium thrpugh oral catheter. oped within 30 min (35.03 + 3.37%), decreased as
The third group (control) received only the same in the following measurements. Maximal edema

amount of vehicle (NaCl, 0.9%). Hyaluronidase | < ohserved at 30 min (Table 1). At 30 min, in
(128 units) was dissolved in 1 mL isotonic NaCl.

Table 1. The effect of calcium channel blockers on paw wwuafter histamine injections. Data are ex-
pressed as mean + SEM (%), for n=6 rats.

The Changes of Paw Volume at 30 Min Intervals AfteHistamine Injections (%)

Drugs 30 min p 60 min p 90 min p 120 min p 150 min p 18®in p
Control 35.03+£3.3 - 30.05+£3.15 - 27.07x586 - 22.63+4.79 - 1944554 - 17.63+453 -
+++ ++ +++ + ns ns
Verapamil 34.15+3.54NS 28.13+5.05 NS 26.51+3.69 NS 2243+530 NS 19.43+551 NS 15.81 +6.65 NS
+++ + ++ + ns ns
Diltiazem 33.39£3.23NS 25.77+£3.58 NS 22.01+£1.68 NS 20.10+1.36 NS 19.23+2.34 NS 14.42 +2.40 NS
o+ ns + ns ns ns
Nicardipine 12.69 +2.31* 11.55+2.31 ** 10.92 +£2.12 *** 577+262 * 684206 * 2.00+0.81 **
ns * ns ns ns * ns ns

Diklofenac 19.99 £2.40* 16.26 £1.99 ** 11.50+1.94 ** 991+230 * 10.06+1.98 NS 10.64+2.69 NS

*

NS not significant, * p< 0.05, ** p< 0.01, *** p< 0(@b as compared to control group,
ns not significant, + p< 0.05, ++p< 0.01, +++p< 0.G¥compared to diclofenac sodium gropgs{-hoc LSD test).
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comparison to histamine produced edema, while
verapamil and diltiazem did not show an anti-
inflammatory effect (p> 0.05), nicardipine and
diclofenac sodium had anti-inflammatory effects
of 63.77% (p= 0.000) and 42.93% (p= 0.002), re-
spectively (Figure 1). For each measurement in the|:
study, while verapamil and diltiazem presented
statistically comparable effects to those of the-co
trol group and each other (p> 0.05), nicardipine
showed the most potent activity (p< 0.05) and had Figure 2. Effects of nicardipine (3 mg/kg) and thtenac
the similar effects to those of the diclofenac so- S04um (5 makg) on hyaluronidaseduced capilary vascul
permeability in rabbits (Mean + SEM).

dium group (Table 1, Figure 1). ** n=0.000 as compared to control group,

+++ p= 0.000 as compared to diclofenac sodium g -
Effects of C&" channel blockers on cotton- . ,_%D test). P Ofpog

pellets granuloma test:

Capillary permeability test

DOcontrol
BNicardipine

BDiclofenac

Spreading area of
hyaluronidase (mm?)

The anti-proliferative effect was calculated on
the basis of dry weight pellets, and the inhibition (p= 0.000) mrfiin the diclofenac group after 1, 5,
rates of the inflammation with verapamil, dilti- and 30 min, respectively (Figure 2).
azem, nicardipine and diclofenac sodium were Discussion

est?blished as 0% (p> 00'05)’ 11.6% (p> 9'05)’ In the present study, the anti-inflammatory ac-
9.3% (p> 0.05) and 27.9% (p< 0.05), respectively. tivities of verapamil, diltiazem and nicardipine

According to+ these results, the anti-proliferative were examined in acute (histamine-induced in-
effects of C&" channel blockers versus the control . C .
flammation) and chronic inflammation (cotton-

group were not statistically significant. pellet granuloma test) models in the rat. Although
Effects of nicardipine on hyaluronidase- pjcardipine showed the most potent activity in the
induced capillary permeability test: acute inflammation model, none of the drugs pre-
The dissemination areas of trypan blue, which sented an anti-proliferative effect in the cotton-
was administrated with hyaluronidase, were 155.00pellet granuloma test. Later, in hyaluronidase-
+6.19, 316.00 + 11.06 and 510.80 + 17.06m induced capillary permeability test in the rabbits,
the control group, 149.00 + 7.90 (p> 0.05), 184.33 nicardipine diminished the hyaluronidase-induced
+ 4.75 (p= 0.000) and 300.00 + 6.58 (p= 0.000) capillary vascular permeability.
mn¥ in the nicardipine group, and 87.00 + 2.84 (p=

Although calcium channel blockers are usually
0.000), 117.33 +5.55 (p= 0.000) and 119.00 + 5.07

preferred in the treatment of cardiovascular dis-
eases, calcium ion takes part in a plenty of func-

tions in the body. Calcium ion plays a criticaleol

100,00 4 . . . . .

5000 in the formation and secretion of a wide variety of
€ w000 / chemical mediators, and calcium channels are tar-
£ 70,00 - . .

g o] X—X \,/>f ~~ O Verapanil gets for a variety of neurotransmitters, neuromodu-
> Agmmm X ——&—Diltiazem . . . .

g so00 ; \, —— - lators and drug¥ In inflammation, arachidonic

E 40004 ts———’“ ‘\23 Nicardipine ) . . .

£ o0l = = Diclfenac acid metabolites are the most important mediators.
< 2 In the cell, calcium ion increases the lipooxygenas

10,00 4 . . .

00 products by activating 5-lipooxygenase enzyme

30 min 60 min 90 min 120min 150 min 180 min

and eicosanoid synthesis by activating cytosolic
Figure 1. Anti-inflammatory activities (%) of verapamil ( phospholipase A8 1t is well established that
mg/kg), diltiazem (10 mg/kg), nicardipine (10 mgkanC  4cachidonic acid is metabolized both by cyclooxy-

diclofenac sodium (25 mg/kg) on histamineluced pa . ] -
edema. genases and lipooxygenasedlso, there is evi-
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dence that calcium channel blockers inhibit the gion.” The chief hemodynamic feature of calcium
lipooxygenase pathwe. channel blockers is a reduction in vascular resis-
tance and an improvement in blood flow of the

Kouoh et al reported that elastase and superox _ _
coronary and peripheral arteries.

ide anion radicals were inhibited by nicardipine
and that this inhibition was dependent on the in- In the inflammation process, increase in vas-
hibitor effect on the mobilization of cytosolic eal cular permeability as well as inflammatory media-
cium and on activation of protein kinase C and tors have an important role. In this study, acute
suggested that this drug might be useful as an antiinflammation was induced by histamine, which is
inflammatory drug: one of the major inflammatory mediators and its
major component is the increase of the vascular
permeability’>** Another well established charac-
teristic of hyaluronidase is its enhancing effesct
vascular permeability as well as causing an in-
crease in tissue permeability by hydrolyzing hyalu-

There are a number of studies suggesting anti
inflammatory activity of calcium channel blockers.
In the study of Bilici et al, T-type calcium chahne
blocker (mibefradil) showed a protective effect on
the histamine-induced paw inflammation in the ‘ i ) o
rat’® Gurdal et al induced paw inflammation by ronic acid, and non-sterqo!a! antl-lnflammatory
formaline in rat, and nitrendipine and nicardipine 9rugs are known to diminish hyaluronidase-
(80%), verapamil and diltiazem (30-50%) inhibited induced capillary permeability. In our study,
the inflammatior! In the study of Aditya et al, nlcardlp.me had the mo;t p'otent antlflnflamma'Fory
verapamil, diltiazem and nifedipine blocked the €fféct in the histamine-induced inflammation
carragenine-induced rat paw inflammation, andM°del and this drug significantly reduced hyalu-
nifedipine was more effective than other calcium "onidase-induced capillary vascular permeability.
channel blocker& In both studies, dihydropiridi- !N the light of these results, we may speculaté tha
ne-derived calcium channel blockers proved to belh€ anti-inflammatory effect of nicardipine may be
more effective than diltiazem and verapamil. In our déP€Ndent on preventing the enhancement of vas-
study, the edema was produced with histamine andular permeability, since nicardipine is more vaso-
nicardipine showed a potent anti-inflammatory selective than verapamil and diltiazem on periph-
effect similar to that of diclofenac sodium, but €@l vascular smooth muscle.
verapamil and diltiazem did not. In this study, chronic inflammation was evalu-
ated with cotton-pellet granuloma test. None of the
calcium channel blockers displayed an anti-
proliferative effect, while diclofenac sodium did.
In the literature, a number of reports suggest an

L-type calcium channel blockers include three
discrete chemical types: the phenylalkylamines
(verapamil), the benzothiazepine (diltiazem), and

the 1,4-dihydropyridines (nicardipine). Although . . _ _
anti-proliferative effects of calcium channel bleck

chemically distinct, the net pharmacologic profiles 53 9597 S
of verapamil and diltiazem are much closer to one®rS- ~  On the other hand, other reports indicate

another than either is to the dihydropyridiRés. th.e induction of gingival fibroblast proliferation
our study, verapamil and diltiazem presented simi-With the prolonged use of such drifgsnflamma-

lar effects. The activity of calcium channel block- tion has acute and chronic components. Chronic
ers in a particular tissue may be influenced by theinflammation develops after acute inflammation
location of the receptor site and the frequency ofWith the development of proliferative cells. These
channel activity. The verapamil and diltiazem Cells either disseminate or a granuloma is formed.
binding sites are located internally, deep withia t ~Préevention of the collagen fiber formation and
channel. The 1,4-dihydropyridine receptor is the SUPpression of mucopolysaccharids are indicators
most accessible, located on the surface of the-charf the anti-proliferative effect of anti-inflammago

nel. Although the dihydropyridines act preferen- agents: Monocyte infiltration and fibroblast pro-
tially on peripheral vascular smooth muscle, vera-liferation is more prominent than neutrophil infil-
pamil and diltiazem are less specific for that re- tration and exudation during chronic inflamma-
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tion.*® Calcium ion acts as an important messengerprotective effect in the histamine-induced inflam-
and effector in the attachment and proliferation of mation model, and it reduced the hyaluronidase-
fibroblasts. Calcium, when coupled with induced capillary permeability. Perhaps, nicardip-
calmodulin inside the cell, stimulates various en-ine may be useful to prevent the inflammatory
zymes necessary for fibroblast proliferation and process in the future.
function® Calcium also plays a vital role in plate- REFERENCES
let activation, and activated platelets release sev1. Abernethy DR, Schwartz JB. Calcium-antagonisgsr N
eral factors, most notably platelet-derived growth  EnglJ Med 1999,341:1447-57.
factor, which stimulate fibroblast proliferatiéh. 2= Ferrari R, Cucchini F, Bolognesi R, BachettBbyaso A,
o C . ) Bernocchi P, et al. How do calcium antagonistsediff
Inhibition of protein kinase C may be a mechanism  giinical practice? Cardiovasc Drugs Ther 1994:8(Sup
by which calcium channel blockers suppress fibro-  3):565-75.
blast proliferatiorf® Kang et al reported that fol- 3. Cotran RS, Kumar V, Collins T.Inflammation aneair.
lowing glaucoma filtration surgery, these drugs Robbins Pathologic Basis of DiseasB.g#l. Philadelphia:

S . A WB Saunders Company; 1999. p.50-88.
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tion rate, DNA synthesis and collagen synthesis  1983;90:385-91.
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