Inhibition of Lipid Peroxidation by some
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The efficacy of dihydropyridine derivatives in inhibiting lipid per-
oxidation was studied using modified Buege and Aust’s method. The
method first involves keeping a decapitated rat head at 37°C for 30 min
in order to induce global ischemia. Then, the cortex is removed and
homogenized, and the homogenate is subsequently exposed to air for
30 min for reoxygenation. Finally, the amount of thiobarbituric acid-
reactive substances (TBAR) is measured. With this method, nisoldip-
ine, nimodipine, nitrendipine, nifedipine and nicardipine were all shown
to have an antioxidant activity that correlated with their lipophilicity,
which was determined by their octanol/water partition coefficients.
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Among several 1, 4-dihydropyridines
(DHPs) with calcium channel antago-
nistic activity, nimodipine is known to
have cerebrovasodilatory and neuronal
protective effects with little effect
on peripheral circulation'?. Nimodip-
ine was suggested to have therapeutic
value in the treatment of subarach-
noid hemorrhage®, brain ischemia*~7
and epilepsy®®. Although it has been
assumed that the drug inhibits the
calcium entry of single neurons by in-
activating calcium channels (L-type),
the precise mechanism of protection
has not been established. DHPs were
also shown to have some protective ef-
fects in several shock models. It has
been reported that nimodipine has
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beneficial effects on traumatic shock in
rats'® and nitrendipine in hemorrhagic
shocked cats!!. Moreover, nisoldipine
has been shown to prevent the sud-
den death of rabbits after arachidonate
administration'?.

Recently, it has suggested that
nifedipine has antioxidant activity!s.
Since it is generally accepted that
free radicals may be the trigger-
ing factor of membrane damage in
ischemia-reperfusion injury'* and that
antioxidants may play an important
role in protecting the brain against
injury'®>~'", we undertook this study
to measure the antioxidant activity
of several DHPs. We have recently
developed a simple in vitro assay
of measuring the antioxidant activity
of compounds using the rat brain!®.
Therefore, we applied this method to
measure the antioxidant activity of five
different DHPs.
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Fig. 1. The formation of TBAR during
oxygenation of cortex homogenates. (O) The
cortex was removed from the ischemic brain
(kept at 37°C for 30 min). (A) The cortex
was removed from the ischemic brain, but
50 pg-ml™! of nimodipine was added before
the start of oxygenation. ([J) The cortex was
removed from the brain which was not exposed
to ischemia. Data are expressed as mean + SD,

n=>5, each.
Methods
Chemicals
Nisoldipine, nitrendipine and ni-

modipine were supplied from Miles
Lab. Inc. (Brooklyn, NY). Nifedipine
was supplied from Pfizer Inc. (Brook-
lyn, NY). Nicardipine-HCI was sup-
plied from Yamanouchi Pharmaceu-
tical Inc. (Nicardipine was supplied
in hydrochloric acid form). All other
chemicals were purchased from Sigma
Chemical Co. (St. Louis, MO)

Method to measure the activity of

antioxidants

Sprague-Dawley male rats were used
in this study. The rat was decapi-
tated and the head was kept in an
ischemic condition for 30 min at 37°C.
Then, the cortex was removed and was
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homogenized in a buffer solution con-
taining 120 mM NaCl, 5 mM KCl,
1.3 mM CaCl;, 1.3 mM MgSO,; and
10 mM Na,HPO, (pH 7.4). The ho-
mogenate was exposed to air for 30 to
60 min using an apparatus described
previously!®. Then, the production of
TBAR was measured by the method of
Buege and Aust? with some modifica-
tion. To 0.15 ml of tissue homogenates,
0.5 ml of ice-cold 0.8 N HCI con-
taining 12.5% trichloroacetic acid was
added to stop the reaction. Then, 0.4
ml of H,O containing 50 pgM des-
ferrioxamine. Thiobarbituric acid (fi-
nal concentration 0.67%) was finally
added, and the sample was boiled in
the presence of 0.05% butylated hy-
droxytoluene (BHT) for 20 min. The
sample was then cooled, centrifuged
at 1500 X g for 15 min, and the ab-
sorbance of the supernatant was read
at 532 nm. Quantitation was based
upon a molar extinction coefficient of
1.56 X 10°. For the measurement of an-
tioxidant activity of the drugs, one of
DHPs was added before reoxygenation
of the homogenate.

Measurement of lipophilicity

The octanol/water partition coeffi-
cient was determined as follows: 4
ml water-saturated octanol and 4 ml
octanol-saturated water was pipetted
into a glass tube. DHP (5-10 mg)
was dissolved to the octanol layer and
the tube was shaken vigorously for 2
min, then, it was centrifuged 2000g X
10 min. The absorption of each layer
was measured at 350 nm. From the
ratio of DHP concentrations in the or-
ganic phase and in the water phase
(Co/Cw), the partition coefficient P
was determined as P=log (Co/Cw).

Results

As indicated by open circles in fig-
ure 1, the amount of TBAR increased
with time. If 50 pg-ml~! nimodipine
was added to the homogenate, the
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Fig. 2. Antioxidant activity of dihydropyri-
dine compounds as measured by the inhibition
of TBAR formation. (A) Nicardipine-HCI, (B)
Open circles: nifedipine; Closed circles: nimodip-
ine. (C) Open circles: nitrendipine; Closed cir-
cles: nisoldipine. Data are expressed as mean =+
SD, n=3, each.

production of TBAR was inhibited
by 50% (open triangles). The pro-
duction of TBAR was related to is-
chemia/reoxygenation of the brain tis-
sue. If the brain was not stored at
37°C for 30 min, very little TBAR was
formed during the subsequent expo-
sure to the air after homogenization, as
indicated by open squares.

From the wvalues of TBAR at
30 min of reoxygenation time, the
dose-response relationship of different
DHPs were measured. As shown in
figure 2, all these DHPs had inhib-
ited lipid peroxidation as measured by
TBAR formation. Around concentra-
tions of 1-3 mg-ml~!, they completely
inhibited lipid peroxidation. The con-
centration at which TBAR produc-
tion was inhibited by 50% (ICs0)
were 3, 20, 50, 200 and 300 ug-ml~!
for nisoldipine, nitrendipine, nimodip-
ine, nifedipine and nicardipine-HCI,

Lipid peroxidation and dihydropyridine derivatives
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respectively.

The values of the partition coeffi-
cients P were 3.80, 3.40, 3.23, 2.78
and 1.02 for nisoldipine, nitrendipine,
nimodipine, nifedipine and nicardipine-
HCI, respectively. The antioxidant ac-
tivity of DHP was related to their
lipophilicity as indicated by the oc-
tanol/water partition coefficients. Fig-
ure 3 shows that there is a lin-
ear correlation between log (Co/Cw)
and log (ICs¢)(nicardipine-HC] was ex-
clude, because of its water soluble HCI1
form).

Discussion

When cell membranes are exposed
to ischemic or hypoxic insults, lipid
peroxidation takes place. By meas-
uring TBAR formation in brain ho-
mogenates, we were able to screen the
antioxidant activity of various DHPs.
Our results suggest that the antioxi-
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Fig. 3. A linear relationship between lipo-

log (IC%0)

dant activity of DHP was related to
their lipophilicity. It seems to be im-
portant that the ability of lipophilic
compounds to bind or permeate cel-
lular membranes is higher than that
of the hydrophobic compounds when
we use antioxidants during ischemia-
reperfusion injury in in vivo situation.
Since nimodipine may have potential
applications in treating central nervous
system disorders®~%7~9:2! it is inter-
esting to estimate whether or not a
blood concentration of the order of 50
pg-ml~! (which causes 50% inhibition
in lipid peroxidation) could be attain-
able in vivo. In global ishemia in dogs’,
nimodipine was administered at 20
pg-kg™! before and at 1 pgkg !-min~!
for two hours during and after is-
chemia and was found to reduce neuro-
logical deficit®. In pig-tailed monkeys,
10 pgkg! i.v. nimodipine, adminis-
tered five minutes after ischemia, fol-
lowed by infusion at 1 ugkg !-min~!
for ten hours, was also found to re-
duce neurological deficit. If we assume
that the blood weight of an animal
is approximately 1/10 of its body
weight, and that the full dosage of
the drugs administered are absorbed
into the blood stream, the concen-

tration attainable with 20 ugkg™' is

philicity indicated by log (Co/Cw) and antioxi-
dant activity indicated by log (ICsg). From left
to right, nisoldipine, nitrendipine, nimodipine
and nifedipine.

approximately 0.2 pg-ml~!. This con-
centration is two orders of magnitude
smaller than the concentration used in
our experiment. It seems to be dif-
ficult to compare to changes in in
vivo situation, however, in view of our
results, the antioxidant effect of ni-
modipine may not be related to its
beneficial effect in CNS disorders. If
we could synthesize a compound with
an anti-oxidant activity of two orders
of magnitude greater than that of cal-
cium blockers, then such a compound
may have potential therapeutic value
in treating CNS disorders'’.

(Received Jun. 12, 1992, accepted for
publication Aug. 5, 1992)

References

1. Hoffmeister F, Benz U, Heise A, et
al: Behavioral effects of nimodipine in
animals. Arzneim Forsch 32:347-360,
1982

2. Kazda S, Garthoff B, Krause HP,
et al: Cerebrovasucular effects of the
calcium antagonistic dihydropyridine
derivative, nimodipine, in animal ex-
periments. Arzneim Forsch 32:331-
338, 1982

3. Cohen RJ, Allen GS: Cerebral ar-
terial spasm: the role of calcium in
vitro and in vivo analysis of treat-
-ment with nifedipine and nimodipine,



Vol 7, No 2

10.

11.

12.

13.

Proceeding of the 2nd International
Workshop on Vasospasm. Edited by
Wilkins RH. Baltimore, Williams &
Wilkins, 1980, pp. 527-532

. Germano IM, Bsrtokowski HM, Cas-

sel ME, et al: The therapeutic value
of nimodipine in experimental cere-
bral ischemia: Neurological outcome
and histopathologic findings. J Neuro-
surg 67:81-87, 1987

. Meyer FB, Anderson RE, Yaksh TL,

et al: Effect of nimodipine on in-
tracellular brain pH, cortical blood
flow and EEG in experimental fo-
cal cerebral ischemia. J Neurosurg
64:617-624, 1986

. Steen PA, Gisvold SE, Milde JH,

et al: Nimodipine improves outcome
when given after complete cerebral
ischemia in primates. Anesthesiology
62:406-411, 1985

. Steen PA, Newberg LA, Milde JH, et

al: Cerebral blood flow and neurologi-
cal outcome when nimodipine is given
after complete cerebral ischemia in
the dog. J Cereb Blood Flow Metab
4:82-87, 1984

. Meyer FB, Anderson RE, Sundt TM,

et al: Suppression of pentylenetetra-
zole seizures by oral administration
of a dihydropyridine Ca®?" antagonist.
Epilepsia 28:409-414, 1987

. Meyer FB, Tally PW, Anderson RE,

et al: Inhibition of electrically induced
seizures by a dihydropyridine calcium
channel blocker. Brain Res 384:180—
183, 1986

Lefer AM, Carrow BA: Salutary ac-
tion of nimodipine in traumatic shock.
Life Sci 29:1347-1353, 1981

Hock CE, Su JY, Lefer AM: Salutary
effects of nitrendipine, a new calcium
entry blocker, in hemorrhagic shock.
Eur J Pharmacol 97:37-46, 1984
Okamatsu S, Peck RC, Lefer AM:
Effects of calcium channel blockers
on arachidonate-induced sudden death
in rabbits. Proc Soc Exp Biol Med
166:551-555, 1981

Ondrias K, Misik V, Gergel D,

Lipid peroxidation and dihydropyridine derivatives

14.

15.

16.

17.

18.

19.

20.

21.

197

et al: Lipid peroxidation of phos-
phatidylcholine liposomes depressed
by the -calcium channel blockers
nifedipine and verapamil and by
the antiarrhythmic-antihypoxic durg
stobine. Biochem Biophys Acta
1003:238-245, 1989

Sakamoto A, Ohnishi ST, Ohnishi T,
et al: Relationship between free rad-
ical production and lipid peroxida-
tion during ischemia-reperfusion in-
jury in the rat brain. Brain Research
554:186-192, 1991

Hall ED, Pazara KE, Braughler JM:
21-aminosteroid lipid peroxidation in-
hibitor UT74006F protects against
cerebral ischemia in gerbils. Stroke
67:81-87, 1987

Lin TH, Beckman JS, Freeman BA,
et al: Polyethylene glycol-conjugated
superoxide dismutase and catalase re-
duce ischemic brain injury. Am J
Physiol 256:H589-593, 1989
Sakamoto, A, Ohnishi ST, Ohnishi T,
et al: Protective effect of a new an-
tioxidant on the rat brain exposed to
ischemia-reperfusion injury: Inhibition
of free radical formation and lipid
peroxidation. Free Radic Biol Med
11:385-391, 1991

Ohnishi ST, Sakamoto A, Ohnishi T,
et al: Inhibition of lipid peroxidation
by prostaglandin oligomeric deriva-
tives. Prostag Leuko Essentl Fatty
Acids 45:217-221, 1992

Ohnishi ST, Katsuoka M: Prostaglan-
din Oligomeric derivatives inhibit in
vitro formation of dehydrated cells
from sickle red cells. Prostag Leuko
Essentl Fatty Acids 37:197-202, 1989
Beuge JA, Aust SD: Microsomal lipid
peroxidation, Methods Enzymol Vol
52. Edited by Fleischer S, Packer L.
New York, Acad Press, 1978, pp. 302—
310

Scriabine A, Schuurman T, Traber J:
Pharmacological basis for the use of
nimodipine in central nervous system
disorders. FASEB J 3:1800-1805, 1989



