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RESEARCH ARTICLES 

The Protective Effects·of Cinnarizine and 
Nitrendipine on Naphthalene lnduced 
Oxidative Stress in Mice Tissues 

Şebnem Ş. ÇEÇEN*, Gülhan CENGİZ*, Göknur AKTAY**, Tülin SÖYLEMEZOGLU*0 

The Protective Effects of Cinnarizine and Nitrendipine on 
Naphthalene Induced Oxidative Stressin Mice Tissues 

Sumınary : in this study, the effects of nitrendipine and cin
narizine, dihydropyridine and diphenylpiperazine derivative 
calcium channel antagonists, respectively, on nap/ıthalene
induced oxidative stress were investigated in mice. Ni
trendipine (NlT; 50 mglkg,i.p.) , cinnarizine (CIN; 200 mgl 
kg, i.p.) anda reference antioxidant N-acetylcysteine (NAC; 
7 ınnıol/kg, i.p.) were adnıinistered dne hour prior ta the ad
nıinistration of naphthalene (NAP; 400 lnglkg, i.p.). Lactate 
dehydrogenase (LDH) , malondialdehyde (MDA) and cel
lular gluthathione (GSH J levels were determined as mar
kers of oxidative stress. As a result, the two different de
rivatives of calcium antagonists, nitrendipine and cin
narizine ınay have dif.ferent functions against NAP-induced 
toxicity depending upon the organo-specificity. 
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INTRODUCTION 

Naphthalene (NAP) is widely used in various com
mercial and industrial applications. Cigarette smoke, 
automobile exhaust gases, and coal combustion pro
ducts contain relatively large amounts of NAPl. Ex
posure to NAP results in the development of bron
chiolar damage2, cataracts3, and hemolytic anemia4 
in humans and in laboratory animals. The toxic man
ifestations induced by NAP appear to involve the 
conversion of NAP to naphthoquinones and NAP 
epoxides. These metabolites are capable of circulating 
and becomillg covalently bound to macromolecules 

Sinnarizin ve Nitrendipin 'in Fare Dokusunda, Naftalenle 
İndüklenmiş Oksi.datif Stres Üzerindeki Koruyucu Etkileri 
Özet : Bu çalışmada, farelerde naftalenin oluşturduğu ok
sidatif stres üzerine, dilıdropridin ve difenilpiperazin türevi 
kalsiyum kanal antagonistleri olan nitrendipin ve sin
narizitiin etkileri araştırıldı. Nitrendipin (NIT;50nıg/kg, 
i.p.), sinnarizin (CIN;200 m,g/kg, i.p.) ve referans bir an
tioksidan olan N-Asetilsistein (NAC; 7 n1mol/kg, i.p.), naf
ta/en (NAP; 400mglkg,i.p.) uygulamasından bir saat önce 
verildi. Oksidatif stresin göstergeleri olarak laktat de
hidrogenaz (LDH), malondialdehit (MDA) ve hücresel glu
tatyon (GSH) düzeyleri ölçüldü. Sonuç olarak, iki değişik 
kalsiyum antagonist türevi olan, nitrendipin ve sinnarizinin 
organlarda farklı fonksiyonlara sahip olduğu düşünülerek, 
naftalenin neden olduğu toksisiteye karşı etkili oldukları 
söylenebilir. 
Anahtar kelimeler : Nafta/en; oksidatif stres; N

Asetilsistein; nitrendipin; sinnarizin. 

in tissues in a dose and time dependent manner, 
which can cause more toxic mechanisms involving 
redox cycling and oxidative stress5,6. 

Lipid peroxidation (LPO) is considered as a universal 
mechanism of oxidative deterioration of rnernbrane 
lipids induced by different factors and by many path
ologic states, including ischemia, stress, various tox
icoses, etc7,8. Recognition of the protective role 
played by GSH, N-acetylcysteine (NAC), a known 
antioxidant and free radical scavenger, counteracts 
oxidative stress and replenishes GSH9,rn Nucleophi
lic sulphydryl groups on cysteine side chains are re-
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active targets for epoxide and quinone metabolites of experiment. 

NAP. 

Numerous experimental data strongly suggest that 

calcium antagonists also may be useful in oxidative 

hepatocellular injuryll, and ,·enal injuryl2 in addition 

to the treatment of cardiovascular disease13, neuro

logical and psychiatric disorders14, opioid and eth

anol dependence15. 

in a previous study, we showed that nitrendipine 

protects tissues against NAP-induced oxidative 

stress. in this study, pretreatrnent with nitrendipine 

significantly attenuated the oxidative effect of NAP 

in lungs following an acute dose, while it did not af

fect ( or affected to a minor extent only) the !eve! of 

malondialdehyde (MDA) in liver and kidneyl6. 

in the present study, NAP-induced oxidative stress 

was assessed by measuring MDA, GSH and LDH 

(lactate dehydrogenase) levels, and the protective ef

fects of nitrendipine and cinnarizine were in

vestigated to assess whether these calcium channel 

blockers have any different effects depending on 

their organospecificity. NAC was used as a reference 

antioxidant against NAP toxicity. 

MATERIAL and METIIODS 

Anima1s 

Mice used in this study were housed and cared for in 

accordance with Refik Saydam Hıfzısıhha lnstitute, 

Animal Care Unit, which applies the guidelines of 

the National lnstitutes of Health (NIH) on La

boratory Animal Welfare. Procedures involving an

imals and their care were conducted in conformity 

with international laws and policies and the studies 

on animals accepted by Ethic Council of Ankara Uni

versity, Veterinary Faculty (28.9.1999, No: 7). 

Local breed albino male mice, weighing 20-25 g, were 

housed in group cages under normal laboratory con

ditions (temperature 20-22°C, natura! day-night ey

de), and with free access to commercial chow and 

water. The food was withdrawn 12-16 h before the 
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Treatınent 

Animals were divided into five groups consisting of 

six mice each arıd expbsed as follows: (!) control 

group received corn oil; (Il) received 400 mg/kg 

NAP17; (Ill) received 7 mmol/kg NAC18; (iV) re

ceived 50 mg/kg nitrendipine19; (V) received 200 

mg/kg cinnarizine20. All chemicals were prepared 

with corn oil and were given i.p. N-acetylcysteine, ni

trendipine iınd cinnarizine were administered 1 h 

prior to the administration of NAP as described in 

group Il. Mice were sacrified by an overdose of die

thyl ether 4 hours after the !ast injections. Blood was 

withdrawn by intracardiac punction and then lungs, 

livers and kidneys were removed. 

Llpid peroxidation in plasma 

MDA, a decomposition product of LPO, was de

termined by measuring the thiobarbituric acid re

active substances (TBARs) in plasma and tissues. 

MDA_ levels in plasma were measured according to 

the method of Buege and Aust21. üne ml of plasma 

was combined with 2.0 ml of trichloroacetic acid 

(TCA; 15% w /v )-thiobarbituric acid (TBA; 0.375 % 

w /v )-0.25 N HCI and centrifuged at 10 000 x g for 5 

min. The supernatant was mixed with 20 µ! butylated 

hydroxytoluene (BHT; 0.02% in 95% ethanol w /v) to 

prevent further oxidation and heated for 15 min in a 

boiling water bath. The precipitate was removed by 

centrifugation at 10 000 x g for 5 min after cooling un

der tap water. The absorbance of the plasma sample 

was read at 532 nm against a blank. The plasma TBA 

reactive products were expressed as nmoles of 

MDA/ml. 1,1,3,3-tetraethoxypropan was used as the 

standard for ca!ibration of the curve. 

Homogerıization 

Tissues of animals were immediately excised and 

chilled in ice-cold 0.9 % NaCL After washing with 

0.9% NaCI, 0.5 g of wet tissue was weighed exactly 

and homogenized in 4.5 mi of 0.25 M sucrose to ob

tain a 10 w / v% suspension in order to measure LPO 
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in tissues. 0.2 g tissue was homogenized with 8 ml 
0.02 M Na2EDTA to measure GSH !eve!. 

Lipid peroxidation in tissues 

The method of Ohkawa et a!.22 as modified by Jamall 
and Smith23 was used to determine MDA in tissue 
samples. MDA, formed from the breakdown of poly
unsaturated fatty acids, serves as a convenient index 
for determining the extent of the peroxidation re
action. The tissue extract supematant was obtained 
by a two step-centrifugation first at 1000 xg for 10 
rnin and then at 2000 xg for 30 rnin at 4 °C. 0.20 rnl of 
supematant was transferred to a vial and was mixed 
with 0.20 rnl sodiurn dodecyl sulfate solution (SDS; 
8.1%), 1.50 ml of acetic acid solution (CH3COOH; 
20%, v /v, adjusted to pH 3.5 with Na OH), and 1.50 
ml of 0.8%(w /v) solution of TBA and the final vol
ume was adjusted 4.0 mi with distil!ed water. Each 
vial was tightly capped and heated in a boiling water 
bath for 60 rnin. The vials were then cooled under 
running water. Equal volumes of tissue blank or test 
sarnple and 10% trichloroacetic acid (TCA) were cen
trifuged at 1000 x g for 10 min. The absorbance of the 
supernatant was rneasured at 532 nrn against tissue 
blank. Tissue blank was processed using the sarne ex
perirnental procedure except that the TBA solution 
was replaced with distilled water. 1,1,3,3-
tetraethoxypropane was used as standard for the cal
ibration curve. The tissue TBA reactive products 
were expressed as nrnoles of MDA/ g wet tissue. 

Gluthathione (GSH) in tissues 

GSH was rneasured by Sedlak and Lindsay's rnethod24_ 
The purpose of this rnethod is to measure nitro
rnercaptobenzoic acid anion that gives intense yellow 
color at 412 nrn resulting from the reaction of sul
phydryl groups with Ellrnan's reagent. Aliquots of 
5.0 ml of the hornogenates were rnixed in 15.0 rnl test 
tubes with 4.0 rnl distilled Hp and 1.0 nıl of 50% . 
TCA. The tubes were centrifuged for 15 rnin at 3000 x 
g. Two mi of supernatant was mixed with 4.0 ml of 
0.4 M Tris buffer (pJ-!: 8.9), 0.1 rnl Ellrnan's reagent, 
(5,5'-dithiobis-2-nitro-benzoic acid) - (DTNB) was 
added, and the sarnple was shaken. The absorbance 

was recorded at 412 nrn within 5 rninutes after the ad
dition of DTNB against a reagent blank with no ho
rnogenate. The tissue GSH levels were expressed as 
µmol/ g wet tissue. 

Lactate dehydrogeruıse (LDH) assay 

Serum sarnples were analyzed far LDH with a Clon
ital diagnostic kit (Cat. No.:KC030). The rnethod is 
based upon the conversion of pyruvate into L-lactate 
by the fol!owing reaction at 340 nm. 

Pyruvate + NADH + H+ ---> L - lactate + NAD+ 

A Schirnadzu UV-1208 spectrophotometer was used 
for detection. 

Statistical Analysis 

Significant differences were determined by ANOV A, 
followed by the Student-Newman-Keul's post hoc 
test with the help of computer software (lnstat). 

RESULTS and DISCUSSION 

Previous studies have dernonstrated that NAP causes 
oxidative stress in experimental animals as evidenced 
by enhanced LPO and decreased GSH content in he
patic and pulrnonary tissues. in the presence of de
pleted tissue GSH, the reactive metabolites of rel
atively low doses of NAP can bind tissue macro
molecules covalently (e.g. lipids, proteins and nucleic 
acids) and this may result in celi injuryl. Handa et 
aI.25 reported !hat the administtation of NAP (200 
mg/kg i.p) leads tö a depletion in pulrnonary GSH 
but does not affect LPO in rnice. At higher dos~s ( 400 
or 600 mg/kg, i.p) of NAP nephrotoxicity has alsb been 
shown to develop17. The current resuits dearly dern
onstrate that administration of NAP (ata single dose 
of 400 mg/kg, i.p.) induces LPO and depletes GSH in 
all tissues. Present results correlate well with pre
vious findings17,26. Furthermore, NAP significantly 
enhanced the LPO !eve! in plasma and LDH activity 
in serum (Figure 1 and 2). Many laboratories measure 
serum LDH activity as a "liver function test". it is well 
known that LDH is an ubiquitous intrace!lular en-
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Figure 2. Effects of NAP, NAC+NAP, NIT+NAP and 

CIN+NAP on serum LDH levels. 
Results are obtained as the mean (±SEM) of nine 

mice per group. 
** Signilicantly different from control (p<0.001) 

cpcp Significantly different from NAP (P<0.001) 

zyme used as a marker of cardiac and liver injury. it 

has been suggested that increased serum LDH also 

may reflect renal disorders, dermatitis, rheumatoid 

arthritis, alveolar proteinosis and pneumocystis 

pneumonia27,28,29. In these conditions, LDH may be 

released from damaged cells. This information ex

plains the elevation of LDH levels in NAP treated an

imals in this study. 

Because of their therapeutic benefits the sulphydryl 

groups containing antioxidants such as NAC are 

widely used. it is well known that NAC is used as an 

antidote in various intoxications such as a

cetarninophen toxicity by inducing the increase of 
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GSH levels in tissues30. Intraperitoneal administra

tion of NAC together with NAP, although it did not 

markedly change serum LDH levels (Figure 2), re

sulted in significant decreases in plasma, lung, liver 

(p<0.001) and kidney (p<0.01) MDA levels (Figure 1, 

3) and significantly increased lung and liver GSH 
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Figure 3. Effects of NAP, NAC+NAP, NIT +NAP and 

CIN+NAP on tissue MDA levels. 
Results are obtained as the mean (±SEM) of nine 

mice per group. 
* Significantly different from control (p<0.01) 
** Significantly different from control (p<0.001) 

cp Significantly different from NAP (P<0.01) 

cpqı Significantly different from NAP (P<0.001) 

(p<0.01) (Figure 4) when compared to the group ad

ministered NAP alone. The reason why a decrease in 

serum LDH level did not occur far NAC treatrnent is 

unclear (Figure 2). Measurement of specific iso

enzymes in serum may help to explain our results. 
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Figure 4. Effects of NAP, NAC+NAP, NIT +NAP and 
CIN+NAP on tissue GSH levels. 
Results are obtained as the mean (±SEM) of nine 

mice per group. 
** Signilicantly different from control (p<0.001) 

cp Significantly different from NAP (P<0.01) 

cpcp Significantly different from NAP (P<0.001) 
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As previously otated, the thiol groups of endogenous 

GSH have importance in calcium transport across celi 

membranes. Depletion of GSH has been reported to 

destroy intracellular calcium equilibrium and trans

port systems. Disturbance of cellular calcium home

ostasis generally ]eads to celi death. A number of re

cent studies have demonstrated that some calcium 

channel blockers protect the tissues against oxidative 

stress31,32_ Lipid peroxides can diminish membrane 

fluidity, hence, increase nonspecific perineability to 

ions especially Ca2+. Increasing evidence iı1dicates 

that calcium channel blockers in lipophilic structure 

may destroy the lipid peroxide chains by attacking 

the lipid parts of the membrane13_ Therefore, if the 

celi damage is caused by free radicals and/ or by an 

increase iı1 the calcium amount, it is possible that cal

cium channel blockers protect the tissue against lhe 

growing toxicity. 

in a previous study16, it was shown that a di

hydropyridine derivative of calcium channel blocker, 

nitrendipine, prevented NAP-induced toxicity in 

lung compared to the NAP+NAC injected group. In 

this study, nitrendipine treatment also induced a re

markable decrease in serum LDH activity (p<0.001) 

(Figure 2), which was increased by NAP administra

tion. While the alterations in MDA and GSH levels in 

the liver were not found significant statistically, there 

is a significant increase in GSH !eve! (p<0.001) (Fig

ure 4) and decrease in MDA levels in lung in the 

same group (Figure 3). lndeed, previous studies have 

demonstrated that dihydropyridine derivative cal

cium channel blockers bind weakly to liver tissuesn 

In our study, a greater responsiveness was observed 

to the protective effect of nitrendipine in lung tissue 

compared to other tissues. 

In a pre-vious study, it was shown that a piperazine 

derivative calcium channel blocker, cinnarizine, pre

vents LPO in rat liver homogenate33. A remarkable 

decrease was observed in MDA levels in lung 

(p<0.01) and liver (p<0.001) in our study (Figure 3). 

Similar to results obtained with nitrendipine ad

ministration, lung GSH levels were increased 

(p<0.01) (Figure 4) whereas serum LDH activity was 

decreased (p<0.001) with cinnarizine injection (Fig-

ure 2), but no effect was observed in liver GSH levels 

(Figure 4). It has been reported that nitrendipine and 

cinnarizine exert their hepatoprotective effects either 

by preventing hepatic microsomal oxidative me

tabolism or by resisting the metabolism of NAP into 

covalently bound product(s) or its major methanol

soluble metabolites such as 1-naphthol and l,2-

dihydro-l,2-dihydroxynaphthalene17,34_ At least two 

el as ses of calciuın channels exist in the liver, one is 

thought to be sensitive only to dihydropyridines and 

the other sensitive to ali three classesn 

Polyaromatic hydrocarbons are metabolized to their 

toxic quinone derivatives followed by the generation 

of free radicals and depletion of tissue GSH by the cy

tochrome P-450 system17. The liver because of ils 

high cytochrome P-450 content, has a greater ability 

to generale potentially toxic NAP metabolites and 

could explain why NAP treatment damages the liveı 

rnore severely and the lung relatively but not the kid 

ney. 

The Clara cells fotmd in lungs are readily susceptiblE 

to oxidative damage caused by NAP due to its ca

pability to transform chemicals into toxic inter

mediates. GSH depletion occuring as a consequencE 

of oxidative stress, is a critica] step in the beginning of 

the events leading to acute Clara celi cytotoxicity. 

Plopper et aJ.35 reported that NAP, which is a cy

tochrome P-450 activated cytotoxicant, depletes intra

cellular GSH which is an early event that precedes 

initial signs of cellular darnage in Clara celi 

cytotoxicity. Subsequently, if the intracellular GSH 

concentration drops below a certain threshold within 

the whole celi, the initial phase of injury described 

above becomes irreversible. 

An increase in MDA levels due to NAP in kidneys 

was significantly prevented by the administration of 

NAC. However the decrease in MDA levels observed 

in kidneys of animals which received nitrendipine 

and cinnarizine were not significant. These results are 

well proportioned with the GSH levels measured in 

kidneys (Figure 4). It seems likely that NAC, having 

sulphydryl groups, provides more effective pre-
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vention in kidneys cornpared to the calciurn channel 

blockers used in this study. 

CONCLUSION 

The present results suggest that the dihydropyridine 

derivative calciurn channel blocker nitrendipine has 

rnore effective antioxidant activity in the lung than 

the piperazine derivative calciurn channel blocker 

cirınarizine, and that cinnarizine protects the liver 

against NAP-induced toxicity rnore effectively. it is 

well known that the calciurn channels sensitive to pi

perazine and dihydropyridine derivatives are loca

lized in different organs and in different pro

portionsH These properties rnay account for the dif

ferent effectiveness of calciurn channel blockers. 

Three antioxidants exarnined caused beneficial 

changes in oxidative stress markers. However, the 

details of their mechanisms of action and the reasons 

for different responsiveness of different tissues to 

these compounds are stili under evaluation. 
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