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Abstract: Object: Free oxygen radicals play a major role
in the pathophysiology of central nervous system (CNS)
trauma, neurodegeneration and aging. Aminophylline,
an antiasthmatic drug, was shown to exert some free
radical scavenging effect on lung tissue. The purpose of
this study was to investigate the free radical scavenging
effect of aminophylline on CNS tissues. The antioxidant
action of different doses of aminophylline was studied
under oxidant conditions in vitro.

Methods: The whole rat brains and spinal cords obtained
from male Wistar rats were homogenized in 1:10 cold
potassium phosphate buffer by using a dounce
homogenizer. Peroxidation was induced with ferrous
iron (Fe**), ascorbate (Asc) and hydrogen peroxyde
(H,0,). Aminophylline was added into the reaction
mixtures just before the addition of lipid substrates.
Thiobarbituric acid-reacting substances (TBARS) were
measured as an index of lipid peroxidation.

Results: The highest lipid peroxidation was obtained
with Fe**, Asc and H,O,-induced group. Addition of
aminophylline showed no free radical scavenging effect
on rat brain and spinal cords.

Conclusion: Analysis of the results demonstrated that

Ozet: Amag: Serbest oksijen radikalleri merkez sinir
sistemi travmasi, norodejenerasyon ve yaslanmanin
patofizyolojisinde ©nemli rol oynamaktadir. Bir
antiastmatik olan aminofilin akciger dokusunda serbest
radikal tutucu etki gostermektedir. Bu ¢aligmamn amaci
aminofilinin merkez sinir sisteminde serbest radikal
tutucu etkisini incelemektir. Aminofilinin farkli dozlan
in vitro antioksidan kosullarda ¢alisildi.

Metod: Disi Wistar ratlardan elde edilen tam beyin ve
omurilik dokular1 1:10 soguk fosfat tamponunda
homojenizatér ile homojenize edildi. Peroksidasyon
ferréz demir (Fe**), askorbat (Asc) ve hidrojen peroksit
(H,0,) ile indiiklendi. Aminofilin reaksiyon karigimina
lipid substratlarin eklenmesinden once ilave edildi.
Tiyobarbitiirik asit reaktif maddeler (TBARS) lipid
peroksidasyonunun bir indeksi olarak dl¢iildii.
Bulgular: En ytiksek lipid peroksidasyonu Fe**, Asc ve
H,O, indiikleme grubunda elde edildi. Karigima
aminofilin ilave edilmesi rat beyin ve omurilik
dokularinda peroksidasyona karsi koruyucu etki
gostermedi.

Sonug: Sonuglarin analizi aminofilinin rat beyin ve
omurilik homojenatlarinda antioksidan etkisinin
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aminophylline has no antioxidant effect on rat brain and
spinal cord homogenates in vitro. Further in vitro and in
vivo studies are needed to evaluate the free radical
scavenging effect of aminophylline.

Key words: Aminophylline, antioxidant, brain, lipid
peroxidation, spinal cord
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olmadigini gosterdi. Aminofilinin antioksidan 6zelligini
degerlendirmek icin in vitro ve in vivo ileri calismalara
gereksinim vardir.

Anahtar Kelimeler: Aminofilin, antioksidan, beyin, lipid
peroksidasyon, omurilik

INTRODUCTION

Oxidative stress has been considered as one of
the basic events involved in cell and tissue damage.
Production of free oxygen radicals being
considered an important component of secondary
damage during ischemia, trauma, and
neurodegenerative diseases in the CNS (1,7,11).
Re-oxygenation of the ischemic tissues results in
generation of free oxygen radicals. The generation
of free oxygen radicals results in lipid peroxidation
of cell membrane, damage of DNA and other
subcellular organels and subsequently cell death
(8,12,22). The antioxidant activity of drugs have
great clinical interest because of the importance of
preventing or reducing the free radical-mediated
toxicity in CNS.

There are many clinical and experimental
investigations about the free radical scavenging
properties of various antiasthmatic drugs in the
literature such as salbutamol, terbutaline, fenoterol
and theophylline (10,19,24). Aminophylline, a
mixture of theophylline and ethylenediamine
(85:15%), is a bronchodilatating and antiasthmatic
compound widely used in patients with acute
respiratory insufficiency (3,17,23). Aminophylline
has been reported to possess free radical
scavenging effect in lung tissue (18). Currently
there is no information regarding aminophylline’s
neuroprotective effect against lipid peroxidation in
the rodent brain and spinal cord. In the present
study, we aimed at investigating the antioxidant
action of aminophylline in rat brain and spinal cord
homogenates against in vitro induced lipid
peroxidation. For this purpose, we used a hydroxyl
radical-generating system and we evaluated
whether aminophylline was protective against the
free radical-induced lipid peroxidation.

MATERIALS AND METHODS
Chemicals

Thiobarbituric acid (TBA), ascorbic acid (Asc)
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and hydrogen peroxide (H202) were from Sigma
Chemical Co. (St Louis, MO, USA). Trichloroacetic
acid (TCA) and ferrous sulfate were from Merck
(Germany). Aminophylline was from Turfarma
(Turkey).

Preperation of lipid substrates for
peroxidation

Brain and spinal cord homogenates were
used to investigate the antioxidant actions of
aminophylline. Two male, 2 month old Wistar rats,
approximately 200 g were used for tissue
preperation. The rats were anesthetized with
combination of 60 mg/kg ketamine hydrochloride
(Parke Davis, Istanbul,) and 10 mg/kg xylazine
(Bayer Birlesik Alman [lac Fabrikalarn A.S.,
Istanbul), and placed prone to the operation table.
Brains were obtained following wide craniectomy
and spinal cords were obtained following Cs-Ti2
laminectomy. Dura was removed from the neural
tissues with scalpel, and the samples were rinsed
with physiologic saline. The whole rat brains and
spinal cords were homogenized in 1:10 (w:v) cold
potassium phosphate buffer (25 mM, pH 7.4) by
using a dounce homogenizer. The resulting 10%
homogenates were used in lipid peroxidation
studies (6).

Determination of lipid peroxidation

Thiobarbituric acid-reacting substances
(TBARS) were measured as an index of lipid
peroxidation (2). Peroxidation was induced with
Fe++ (0.02 mM), Asc (1 mM) and H,O, (0.5 mM) in
a final volume of 0.5 ml. Aminophylline was added
into the reaction mixtures at indicated
concentrations just before the addition of lipid
substrates. The reaction mixture was incubated for
30 min at room temperature. At the end of
incubation, 0.5 ml of TCA (10%) was added to stop
the reaction. Samples were centrifuged at 1500 x g
for 10 min and 0.5 ml of supernatant was mixed
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with 0.5 ml of TBA (0.67%). Tubes were placed into
boiling water for 15 min. After cooling the tubes,
the absorbance of the samples was measured at 532
nm.

RESULTS

Fe*+, Asc and H,O, were used to induce lipid
peroxidation. The ferrous iron was the most
effective agent in induction, although each
component, when used alone, was able to induce
lipid peroxidation. Combination of two agents
showed that the highest peroxidation was obtained
with Fe** and Asc combination. The overall highest
peroxidation levels were measured in the presence
of Fe*+, Asc and H,O, (Table 1). The iron-Asc-H,0,
system was very effective for generating oxidant
conditions.

The results of spectrophotometry showed that
there was a gradual increase in lipid peroxidation
levels with increasing amounts of aminophylline.
The absorbance of the samples is shown in Table 2.
Results are expressed as the mean + SD.

DISCUSSION

In intense ischemic state followed by re-
oxygenation could result in irreversible organ
damage (21). Mitochondrial damage due to
calcium overload of the cells and excessive
generation of free oxygen radicals are the
underlying mechanisms of reperfusion injury (4).
Increased cytoplasmic calcium results in the
production of reactive oxygen species (15). Free
oxygen radicals are reactive species which can
destroy the tissues via lipid peroxidation of the cell
membranes (13,14). Excessive generation of free
oxygen radicals causes DNA damage, lipid
peroxidation and inactivation of proteins and
finally leads to severe tissue injury (8,9,12,22).
Pharmacological agents which can prevent or
reduce free oxygen radical mediated toxicity can be
clinically useful.

Although B,-agonists seem to have a direct
oxidant scavenger function, which antiasthmatic
drugs have antioxidant effect remains speculative.
Glissen et al: (10) demonstrated that B,-agonists
have a potent antioxidative function in H,O,-
mediated cytotoxicity in vitro. They also suggested
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that corticosteroids and theophylline had no
antioxidant effect. Aminophylline is a salt
composed of two molecules of theophylline and
one molecule of ethylenediamine and is a well
known antiasthmatic drug (3,17,23). Kang et al.
reported that aminophylline exert some
antioxidant activity in vitro (16). Similarly,
Lapenna et al. reported the free radical scavenging
effect of aminophylline, but not theophylline in
lung epithelial tissue (18). They showed that both
aminophylline and theophylline are scavengers of
hydroxyl radical (OH), but they are ineffective
against superoxide anion and hydrogen peroxide.
Aminophylline was found to be effective in lower
concentrations, because of ethylenediamine’s
marked OH scavenging activity. Moreover, they
demonstrated that therapeutic concentrations of
aminophylline, but not of theophylline, are capable
of antagonizing hypochlorous acid (HOCI); this
effect was entirely due to presence of
ethylenediamine. They hypothesized that
antioxidant properties of aminophylline, partly or
totally, is attributable to ethylenediamine which is
present in the aminophylline molecule.

Mahomed et al. suggested that theophylline
has  antioxidant effects due to  its
phosphodiesterase inhibitory properties in human
neutrophils (19). Aminophylline, also a non-
selective phosphodiesterase inhibitor, inhibits
phosphodiesterase enzyme that metabolize and
inactivate cyclic adenosine monophosphate
(cAMP) and cyclic guanosine monophosphate
(cGMP) (20). Increase in the intracellular
concentration of either cAMP or cGMP results in
relaxation of airway smooth muscle. It was also
expected that inhibition of these enzymes results in
reduction of free radicals in the tissues. In the
present study, aminophylline itself does not have
antioxidant effect in vitro. But its effect on
phosphodiesterase enzyme may results in decrease
in tissue free radical levels after traumatic or
ischeamic insult in vivo. However, translocation of
intracellular calcium and the antagonistic blockade
of adenosine receptors are the other
pharmacological actions of aminophylline (5).

The aim of our present study was to
investigate whether aminophylline had an
antioxidant action. We analyzed the effect of
aminophylline toward lipid peroxidation in vitro,
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using the Fe**-Asc-H,O, system to generate
oxidant conditions. This system generates the most
reactive radical species, the hydroxyl radical,
through the reaction of ferrous iron with H,0,
(Fenton reaction). The iron is oxidized to its ferric
form and in the presence of ascorbate as a reducing
agent, ferrous iron is recovered from its oxidized
form. As a consequence, hydroxyl radical
generation and peroxidation persists. In this study,
when Fe**-Asc-H,O, was added, levels of lipid
peroxidation products in the homogenates were
significantly increased (Table I). The Fe**-Asc-H,0,
system was found to be very effective for
generating oxidant conditions (12-14). Since a
hydroxyl radical scavenging effect was previously
described for aminophylline (18), different

Table I: Table shows the basal TBARS levels of the
rat brain and spinal cord homogenates. Increase in
tissue TBARS levels are seen with induction of one,
two or all of Fe**, Asc and H,O,. The best induction
was observed with addition of all chemicals. The
values are the absorbances of the samples was
measured at 532 nm., and are exspressed as the
mean + SD.
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concentrations of the drug were added to the
homogenates in order to evaluate a possible
protective action. The results showed that
aminophylline did not inhibit lipid peroxidation in
rat brain and spinal cord homogenates (Table II).
We concluded that aminophylline was not an
efficient scavenger against Fe*-Asc-H,O, -induced
radical generation, at least in our experimental
conditions.

In summary, the role of free oxygen radicals in
severe tissue injury, especially in ischemia-
reperfusion induced organ damage and trauma to
CNS, is well known. Importance of preventing and
reducing the free oxygen radical induced
secondary neuronal damage must be considered in
various clinical conditions. Pharmacological agents
which have radical scavenging properties are
needed to be studied. Further in vitro and in vivo
studies are needed to evaluate the free radical
scavenging effect of aminophylline.
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Brain Spinal cord
Basal 40,48+0,96 17,01+0,00
Fet++ 288,44+7,43 158,79+0,28
Asc 58,2846,98 31,48+0,28
H,0, 174,24+1,92 107,36+4,57
Fe* Asc 434,92+1,54 307,6148,05
Fe+* H,0, 343+13,17 142,95+0,73
AsctH,0O, 283,36+0,48 | 303,70+14,13
Fe*Asc* H,0, 715,93+36,17 629,30+6,47
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