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Abstract

Caroverine, 1-(2-diethylaminoethyl)-3-(p-methoxy benzyl)-1,2-dihydro-2-quinoxalin-2-on-hydrochloride, is a class B calcium-chan-
nel-blocker and antiglutamatergic agent with significant effects on the brain function. Caroverine exhibits competitive AMPA antagonism,
and at higher concentrations, noncompetitive NMDA antagonism. In clinical practice caroverine is used as a spasmolytic and
otoneuroprotective agent. Since reactive oxygen species are supposed to be involved in the pathogenesis of inner ear diseases in which
caroverine shows beneficial effects, the present study aimed to investigate the antioxidant properties of caroverine. Lipid peroxidation of
liposomal membranes was suppressed in the presence of caroverine. In order to understand the mechanism of this antioxidant action of
caroverine, we determined the rate constants both for a possible reaction with superoxide (O,* ™) radicals from xanthine/xanthine oxidase
and for a possible reaction with hydroxyl (*OH) radicals in Fenton system. Using a defined chemical reaction model O,°*~ scavenging was
found to occur at a rather low rate constant only (3 x 10? M~!s™1). Thus, a reaction of caroverine with O,*~ radicals is of marginal
significance. In contrast, the reaction of caroverine with *OH radicals occurs at an extremely high rate constant (k = 1.9 x 10! M~ s™).
The strong antioxidant activity of caroverine is therefore based both on the partial prevention and highly active scavenging of hydroxyl

radicals.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Caroverine, 1-(2-diethylaminoethyl)-3-(p-methoxy benzyl)-
1,2-dihydro-2-quinoxalin-2-on-hydrochloride (Scheme 1),
is a class B calcium-channel-blocker [1] and antiglutama-
tergic agent with significant effects on the brain function
[2-6]. Caroverine exhibits competitive AMPA antagonism,
and at higher concentrations, noncompetitive NMDA
antagonism.

Caroverine is chemically derived from isoquinoline, the
basic structure of papaverin. Like papaverin, caroverine
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has spasmolytic properties [7] which may be linked to its
Ca®"-channel blocking activities. In combination with
antagonistic effects on glutamate and aspartate receptors
these multifunctional activities may be responsible for a
variety of beneficial results in the therapy of tinnitus,
sudden hearing loss, speech discrimination disorders and
other neurotoxic effects, such as ischemia/reperfusion,
hypoglycemia, anoxia, hypoxia, shock and dementia
[8-12]. In many of these pathophysiological events reac-
tive oxygen species (ROS) play an important role. The
most susceptible target of ROS are biomembranes where
lipid peroxidation (LPO) occurs. LPO affects the structure
and function of biomembranes and LPO-derived metabo-
lites exert cytotoxic and genotoxic effects [13—-16].

The physiological control of the formation and the
pathogenetic threat of ROS is performed by enzymatic
and nonenzymatic antioxidants. Depending on the duration
of oxidative stress causing LPO, the native antioxidant
system can be impaired or exhausted. Oxidative stress
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Scheme 1. Chemical structure of caroverine.

associated with the impairment of antioxidant defense
is involved in a great variety of metabolic disorders such
as diabetes mellitus, neuromuscular diseases, cardiovas-
cular diseases, cancer and the biological process of aging
[17-24]. Thus, a still increasing spectrum of diseases as
well as aging has become subject of antioxidant supple-
mentation. Since among all reactive oxygen species the
hydroxyl radical (*OH) is by far the most potent and
therefore the most dangerous oxygen metabolite, elimina-
tion of this radical is one of the major aims of antioxidant
administration. Although a variety of *OH scavengers are
known, their application is limited by (1) the requirement
of unphysiologically high scavenger concentrations which
depend on the rate constant, (2) toxic side effects includ-
ing initiation of further radical chain reactions, or (3) the
instability of the compound in biological systems.

Caroverine is introduced since a couple of years in
medical treatment of neurological diseases exhibits bene-
ficial effects which cannot be explained exclusively on the
basis of Ca?"-channel blockage or antagonism of AMPA
and NMDA receptors. The present study was made in order
to test the potential antioxidant activity of caroverine.

2. Materials and methods
2.1. Chemicals

Caroverinehydrochloride monohydrate (caroverine),
1-(2-diethylaminoethyl)-3-(p-methoxy benzyl)-1,2-dihy-
dro-2-quinoxalin-2-on-hydrochloride, was obtained from
PHAFAG AG. Although caroverine dissolves poorly in
water, it was possible to obtain stock solutions of 50 mM
by vigorous mixing using a vortex mixer.

Hydrogen peroxide, thiobarbituric acid, diethylenetria-
minepentaacetic acid, Vitamin E, FeSO4-7H,O, and
KH,PO, and solvents were obtained from Merck. DMPO,
xanthine, xanthine oxidase and cytochrome c¢ were
obtained from Sigma. All the chemicals were of analytical
grade purity.

2.2. Liposomes preparation

Liposomes were prepared from soybean phosphatidyl-
choline (Sigma). A chloroform solution of phosphatidyl-
choline was dried under vacuum and the lipid film was
dissolved in 200 mM phosphate buffer (pH 7.4) so that
final concentration of lipid was 1 mg/mL. In order to
produce multilamellar liposomes with low lipid hydro-
peroxide content, lipid emulsion was rapidly frozen in
liquid nitrogen and subsequently thawed, the procedure
being repeated five times. When indicated, Vitamin E
(1/100 mol/mol lipid) was added to the phosphatidylcho-
line chloroform solution prior to evaporation.

2.3. Initiation of lipid peroxidation by
Fenton reagents

In order to start lipid peroxidation, 1 mM hydrogen
peroxide was added to phosphatidylcholine liposomes
containing Vitamin E and the reaction was started by
1 mM iron(Il). After 2 hr incubation at room temperature
the reaction was stopped by the addition of butylated
hydroxytoluene (final concentration 0.5 mg/mL). Carover-
ine or its hydrochloride was added as 50 mM solution in
ethanol or water, respectively prior to H,O, and iron(II)
reagents.

2.4. Vitamin E measurements

Vitamin E was extracted from liposomes with hexane
and measured by HPLC with fluorescence/UV-detection as
described earlier [25].

2.5. Determination of hydroxyl radical
scavenging activity

DMPO was purified by activated carbon under nitrogen.
Concentrations of DMPO and H,O, were determined from
their absorption spectra at 230 nm (7700 M~ cm™") and
240 nm (39 M ' ecm "), respectively. Rate constants for
the reaction of caroverine with *OH radicals were deter-
mined in air-saturated pH 7.0 phosphate buffer (10 mM) at
room temperature. The reaction was initiated by the addi-
tion of a small aliquot of Fe?* solution (100 mM FeSO, in
10 mM HCI) to a buffer containing caroverine, H,O,, and
DMPO. The final volume of every sample was 0.5 mL.
The final concentrations of the reagents were: 1 mM
(or 0.1 mM) FeSO4; 1 mM (or 0.1 mM) H,O,, 1 mM
DMPO; 1-600 pM caroverine. The sample was trans-
ferred quickly to a flat quartz aqueous ESR cell and
measurements were started immediately. ESR spectra
were measured using a EMX Bruker ESR spectrometer
operating at 9.7 GHz.

To determine the reaction rate of caroverine with *OH
radicals the kinetic model reported earlier for the reaction
of ethanol with *OH [26,27] was adopted. According to the
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kinetic model, the concentration of hydroxy radicals [*OH]

can be written as follows:

d[*OH]
dr

= k[Fe*"][H,0,] — kq[*OH][DMPO]
— kc[*OH]][caroverine] (1)

where [Fe”], [H>0O,], [DMPO], and [caroverine] represent
the concentrations of iron(II), hydrogen peroxide, DMPO
and caroverine, respectively, whereas k, kq and k. represent
the respective reaction constants. Using the steady state
approximation (d[*OH]/dr = 0) for [*OH]), Eq. (1) can be
rewritten as:
k[Fe*"][H,0,] —kq[*OH][DMPO] — k. [*OH][caroverine] =0
(1a)
The velocity of DMPO/*OH adduct formation is indi-
cated as VPMPO.
d[DMPO’] _ yDMPOe
dt

From Eq. (2) the concentration of hydroxy radicals can
be drawn as:

= ky[*OH][DMPO] )

. VDMPOQ
[*OH] = %, [DMPO] 3)

The production velocity of hydroxy radicals is indicated

as VOHZ

VO = k[Fe?™][H,0,] “4)
Substituting Egs. (3) and (4) into Eq. (1a) we obtain:
JOH _ yDMPO. _ YPMPO [caroverine] _0 5)
kqa[DMPO]

Eq. (5) can be rewritten as follows:

yOH k.
—vos — 1 = Ny (©6)
yDMPOe kq[caroverine] /[DMPO]

in which VPMPO* and V" represent formation rates of
DMPO/*OH adduct and °*OH radicals, and k4 and k.
represent the rate constants for the reaction of *OH with
DMPO and with caroverine, respectively. V°" can be
measured as DMPO/*OH formation rate in the absence
of caroverine, since from Eq. (6) if [caroverine] = O then
VOH — VDMPOO.

A plot of (VOH/VPMPOs _ 1y ys. ([caroverine]/[DMPO])
should give a straight line with zero as the intercept and k./
kq as the slope. Since the reaction rate constant of DMPO
with hydroxyl radicals k4 is known, the rate constant of
caroverine with hydroxyl radicals k. can be calculated from
the slope.

Thus, we determined each time VO in a parallel experi-
ment in the absence of caroverine, using formula 6 for
determination of the rate constant.

It has been previously proven that rate constants
obtained using rates of the reaction, agree very well with
those calculated by using the corresponding amplitudes of

the respective ESR-signals of DMPO/*OH adducts mea-
sured at different concentrations of *OH scavengers [28].

2.6. Determination of superoxide scavenging activity

The rate constant for the reaction of caroverine with the
superoxide radical was determined by competitive kinetics
using cytochrome c as a competitive reagent. Rate constants
for the reaction of caroverine with O,°*" radicals were
determined in air-saturated pH 7.8 phosphate buffer
(50 mM), containing 0.1 mM diethylenetriaminepentaace-
tic acid at room temperature. The reaction was initiated by
the addition of a small aliquot of xanthine to a buffer
containing caroverine, cytochrome c, and xanthine oxidase.
The final volume of every sample was 3 mL. The final
concentrations of the reagents were: 0.1 mM xanthine;
0.01 U/probe xanthine oxidase; 10 pM cytochrome c. The
optical spectra were recorded using Hitachi U-3300 spec-
trophotometer. The concentration of reduced cytochrome ¢
was estimated by measuring absorbance at 550 nm.

To determine rate constants for scavenging of O,°~ by
caroverine we used the same kinetic model as described
earlier for *OH.

2.7. Statistics

If not indicated otherwise, all experiments were repeated
at least five times. Statistic parameters were calculated
using ANOVA (Exel 5.0 software, Microsoft Inc.).

3. Results

Lipid peroxidation (LPO) has two important conse-
quences, namely accumulation of lipid degradation pro-
ducts and depletion of antioxidants. Depletion of
antioxidants indicates that LPO runs out of control leading
in vivo to cell and tissue damage. Frequently used model
systems for studying LPO in vitro is the exposure of lipid
membranes to a mixture of ferrous iron and H,O, (Fenton
system). The latter system yields *OH-radicals which are
the most potent oxidants existing in aerobic living systems.

Fig. 1 presents the effect of caroverine on the initiation
of LPO in liposomal vesicles. Liposomes were preloaded
with Vitamin E allowing to follow LPO by the extend of
Vitamin E depletion. LPO was initiated by exposing lipo-
somes to a Fenton-type system. The onset of Vitamin E
depletion started already 15 min after the initiation of LPO
(not shown). The addition of 62 uM caroverine was suffi-
cient to totally suppress Vitamin E consumption.

The partition coefficient of caroverine was determined in
the octanol/water mixture. The value of 1.8 reveals that
radicals can be scavenged both in the polar and lipid phase
of membranes.

To get insight into the site of caroverine interaction in
the cascade of Fenton-induced LPO, we investigated
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Fig. 1. Inhibition of LPO induced by Fenton reagent in the presence of
caroverine. About 400 pL phosphatidylcholine liposomes (1 mg/mL) loaded
with Vitamin E (1/10 mol/mol lipid) were incubated for 2 hr at room
temperature without any additions or with Fenton reagents (1 mM
H,0, + 1 mM Fe*") in presence and absence of 62 UM caroverine. The
reaction was stopped by addition of 10 uL butylated hydroxytoluene (20 mg/
mL) and Vitamin E content was analyzed as described in Section 2. Values
are means + SEM (N = 3). Key: (x) P < 0.05 vs. control (Student’s ¢-test).
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whether or not caroverine scavenges *OH radicals. For this
purpose we generated *OH-radicals from a Fenton system.
The radicals formed were scavenged and quantified by the
spin trap DMPO giving rise to a characteristic 1:2:2:1 ESR
quartet spectrum (Fig. 2A) (any = 149 G, ag = 14.8 G).
Caroverine was found to decrease the quartet ESR-signal in
a concentration dependent manner (Fig. 2B). To examine
whether caroverine attenuates the ESR-signal by a direct
interaction with DMPO/*OH adduct, we first generated the
spin adduct in the absence of caroverine. In a second
experiment caroverine was added after the DMPO/*OH
adduct was formed. The amplitude of the corresponding
ESR-signal was essentially the same, excluding a direct
effect of caroverine on the DMPO-spin adduct (data not
shown). We therefore focused our interest on a direct *OH-
scavenging activity of caroverine.

The most valid indicator for an evaluation of radical
scavenging potency is the rate constant by which the
antioxidant reacts with the radical. The respective rate
constant for caroverine was calculated from the depen-
dence of the DMPO/*OH signal amplitude on caroverine
concentration using a kinetic model system described in
the Section 2. *OH generation rates were not changed
(Fig. 2B). The rate constant determined from this calculation
procedure was found to be 1.5 x 10'°° M ' s~ if 0.1 mM

0 t + t t 1
0.4 06 0.8 1

car/dmpo

} ) | {

*
O T T T 1
0.4 0.6 0.8

car/dmpo

Fig. 2. Determination of the rate constant of the reaction between caroverine and *OH radicals. (A) ESR spectrum recorded 1 min after mixing 1 mM
FeSO,4-7H,0, 1 mM H,0,, and 1 mM DMPO in phosphate buffer solution. Both (B) and (C) show competition between DMPO and caroverine for *OH
radicals in 10 mM phosphate buffer (pH 7) containing 1 mM DMPO. The *OH radicals were produced by the reaction of 1 mM FeSO,-7H,0O with 1 mM
H,0, (B) or 0.1 mM FeSO,-7H,0 with 0.1 mM H,0, (C) in the presence of 1 mM DMPO. The data were plotted according to kinetic model described in

Section 2.
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Fig. 3. Superoxide scavenging capacity of caroverine. (A) Optical spectra of oxidized and reduced forms of cytochrome ¢ used as a competitive scavenger of
superoxide radicals. (B) Kinetics of cytochrome ¢ reduction in the presence (A) and in the absence (@) of caroverine. The reaction was initiated by the
addition of xanthine (0.1 mM final concentration) to a buffer containing 763 uM caroverine, 10 uM cytochrome ¢, 0.01 U xanthine oxidase. The final volume

of the sample was 3 mL. Values are means == SEM (N = 5).

Fe" was used in Fenton reagent and 1.9 x 10" M~ s if
1 mM iron was used in Fenton reagent. These rate constants
are diffusion limited revealing an extremely high reactivity
of caroverine with *OH radicals. The small increase of the
rate constant observed when ferrous iron concentration was
elevated by a factor of 10 may be taken as an indicator that
caroverine also reacts with ferrous iron.

In biological systems H,O, which is the precursor of
*OH is provided by the dismutation of superoxide radicals
(O,°7). Thus, it was of interest also to test the ability of
caroverine to scavenge O,°" radicals.

The rate constant for the reaction of caroverine with the
0,°" was determined by competitive kinetics using cyto-
chrome c as a competitive reagent. Cytochrome ¢ was used
for detection of superoxide. The production of O,*~ (from
xanthine/xanthine oxidase) in the presence of cytochrome

and
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¢ results in its SOD-sensitive reduction with characteristic
changes in optical spectra (Fig. 3A).

The reduction of cytochrome ¢ was not significantly
inhibited even in the presence of high concentrations of
caroverine (Fig. 3B). The rate constant of the reaction
between caroverine and superoxide calculated from these
experiments was 3 x 10> M~'s™'. This is much lower
than the corresponding constant for SOD (~10'°M ' s™)
[29] and cytochrome c¢ (~10° ~'s71) [30]. Thus, the
superoxide scavenging capacity is not likely to explain
the antioxidant activity of caroverine.

Apart from O,*" derived H,O,, iron plays a major role
as catalyst in the establishment of oxidative stress. This
holds both for our in vitro as well as for the in vivo
formation of *OH radicals. Removal of free iron therefore
downregulates oxidative stress. Although, caroverine was
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Fig. 4. Effect of caroverine on formate radical levels in Fenton system in the presence of formate. (A) ESR spectrum of DMPO/COO® ™ adduct recorded
1 min after mixing 1 mM FeSO,-7H,0, 1 mM H,0,, | mM DMPO, and 40 mM formate in phosphate buffer solution. (B) Inhibition of DMPO/COO* ™
adducts formation in the presence of 200 uM of caroverine (P < 0.001, Student’s t-test). Further increase of caroverine concentration did not result in a

decrease of DMPO/COOQ® ™ levels. Values are means + SEM (N = 5).
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shown to intensively intercept *OH-related DMPO-adduct
formation, it is not clear whether this compound interferes
into *OH-generation or whether it predominantly sca-
venges *OH radicals. We therefore designed another type
of experiment in which iron derived *OH radicals were
allowed to react with formate. Reaction of formate with
*OH generates formate-derived carbon-centered COO®™
radicals with a reaction rate of 3.9 x 10° M~ ' s™'. For-
mate-derived radicals will react with DMPO to produce
another type of ESR spectra which is related to DMPO/
COO°*"~ adduct. The reaction rate of DMPO with *OH is
3.4 x 10° M 's7! [31]. Since both reaction rates are
comparable, *OH radicals will predominately react with
formate to generate COO® ™~ because formate was present in
excess. In that case the major ESR-signal will be the
DMPO/COO* -derived sextet (Fig. 4A).

The measurements showed that reaction of Fe(I) with
H,0, in the presence of DMPO and 40 mM formate indeed
generated DMPO/COOQO®™ as a major spin-adduct signal
(any = 15.6 G; ayg = 18.7 G)(Fig. 4A). If caroverine were
an *OH scavenger only, then the intensity of DMPO/
COQO*™ signal would not change in the presence of for-
mate. However, our results clearly show, that the addition
of caroverine affects the intensity of the DMPO/COQO® ™
adduct signal (Fig. 4B). Thus, it appears that caroverine is
capable both of scavenging *OH radicals and intervening
into the Fenton reaction. Since caroverine inhibits DMPO/
COO*™ adduct formation by a factor of 2, one can con-
clude that at least 50% of the antioxidant activity of
caroverine is due to *OH scavenging and the other half
is likely due to inhibition of Fenton reaction.

4. Discussion

The present study provides experimental evidence that
caroverine besides its various pharmacological activities
has also strong antioxidant properties. This novel finding
may be a rational to understand the beneficial effects in a
variety of diseases in which oxidative stress was long
known to contribute to the respective pathogenesis. Car-
overine removes *OH radicals, the most dangerous oxygen
metabolites formed in aerobic organisms. The rate constant
for the reaction of caroverine with *OH radicals is diffusion
controlled (mean value of 1.71 +£0.22 x 10°°M's™1
and exceeds by one order of magnitude the reaction
velocities of hydroxyl radicals with most biomolecules.
This also includes the native biological *OH scavengers
such as mannitol, uric acid or bilirubin. Caroverine can
therefore be considered to efficiently protect biomolecules
from oxidative stress. The rate constant between caro-
verine and *OH radicals is close to that determined earlier
for tryptophan [32] and several other indolic compounds
[33].

The efficiency of a substance to scavenge radicals
depends both on the respective rate constant and a con-

centration of the substance. In case of caroverine, a dose up
to 160 mg twice a day (b.i.d.) i.v. is usually applied and
well tolerated [8]. From this dose and from the relatively
low octanol/water partition coefficient of caroverine, its
maximal concentration in blood can be estimated. Taking
into account the rate constant of the reaction between
caroverine and hydroxyl radicals, the scavenging potency
of caroverine in vivo can also be roughly estimated. It was
found to be in the range of other natural hydroxyl radical
scavengers present in blood such as uric acid, glucose and
albumin indicating that contribution of caroverine to the
whole radical scavenging activity of plasma may be of
physiological significance.

The antioxidant activity of caroverine is not only
restricted to the potent removal of *OH-radicals. Carover-
ine was also shown to interfere into *OH-radical genera-
tion. According to our results, the catalytic role of ferrous
iron in the reductive homolytic cleavage of H,O, seems to
be impaired in the presence of caroverine.

Thus, an advantage of caroverine with respect to the
natural scavengers mentioned above, is its potency not only
to remove *OH radicals but also to inhibit the establish-
ment of oxidative stress. Caroverine is successfully used in
the treatment of tinnitus, sudden hearing loss and progres-
sive hearing loss [8,12]. Reactive oxygen species and
changes in intracochlear blood flow are supposed to be
involved in hair cell damage during age-related hearing
loss [34]. Glutamate acts as an excitory neurotransmitter at
the inner hair cells and the afferent neuron by a binding to
NMDA and AMPA receptors located on the postsynaptic
afferent membrane [35]. Glutamatergic neurotoxicity is
caused by overproduction of reactive oxygen species and
following membrane damage by lipid peroxidation [36].
The demonstrated neuroprotective therapeutic effects of
caroverine confirm the working hypothesis of glutamater-
gic otoneurotoxity causing symptoms as tinnitus, sudden
hearing loss or progressing hearing loss. Additional evi-
dences for the involvement of reactive oxygen species in
the inner ear diseases come from the study which demon-
strates a protective effect of antioxidant supplementation
on age-related hearing loss in rats [37]. Thus, the antiox-
idant properties of caroverine may contribute to its ben-
eficial effects in the treatment of inner ear diseases.

Acknowledgments
This work was financed by the Osterreichische Fonds

zur Forderung der wissenschaftlichen Forschung, project
number P12807MED.

References

[1] Kudo Y, Shibata S. Effects of caroverine and diltiazem on synaptic
responses, L-glutamate-induced depolarization and potassium efflux
in the frog spinal cord. Br J Pharmacol 1984;83:813-20.



[2

—

3

—

[4

=

[5

—

[6

[t}

[7

—

[8

—_

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

N. Udilova et al./Biochemical Pharmacology 65 (2003) 5965 65

Ehrenberger K, Felix D. Caroverine depresses the activity of cochlear
glutamate receptors (in vivo model for drug-induced neuroprotection).
Basic and clinical science of mental and addictive disorders
1997;167:181-3.

Ehrenberger K, Felix D. Receptor pharmacological models for inner
ear therapies with emphasis on glutamate receptors: a survey. Acta
Otolaryngol Stockh 1995;115:236-40.

Anderer P, Saletu B. On the cerebro-protective effects of caroverine:
double-blind, placebo-controlled, EEG mapping and psychometric
studies under hypoxia. Basic and clinical science of mental and
addictive disorders 1997;167:190-4.

Saletu B, Grunberger J, Anderer P, Linzmayer L, Konig P. Acute
central effects of the calcium channel blocker and antiglutamatergic
drug caroverine. Double-blind, placebo-controlled, EEG mapping and
psychometric studies after intravenous and oral administration. Arz-
neimittelforschung 1995;45:217-29.

Saletu B, Grunberger J, Anderer P, Linzmayer L. Central effects of
acute intravenous and oral caroverine in man: double-blind, placebo-
controlled, EEG mapping and psychometry. Basic and clinical science
of mental and addictive disorders 1997;167:184-9.

Hornykiewicz O, Hitzenberger G, Zellner H. Experimentell-pharmako-
logische und klinische Untersuchung iiber ein neues Spasmolytikum
“Spadon” (Priifbez. P.201-1). Wien Klin Wochenschr 1963;11:189-97.
Ehrenberger K. Clinical experience with caroverine in inner ear
diseases. Adv Otorhinolaryngol 2002;59:156-62.

Profanter M. Erfahrungen mit hochdosiertem Caroverin bei zerebralen
Durchblutungsstérungen. Therapiewoche Osterreich 1987;2:926-35.
Saletu B, Grunberger J, Anderer P, Linzmayer L, Konig P. On the
cerebro-protective effects of caroverine, a calcium-channel blocker
and antiglutamatergic drug: double-blind, placebo-controlled, EEG
mapping and psychometric studies under hypoxia. Br J Clin Pharma-
col 1996;41:89-99.

Denk DM, Ehrenberger K. Caroverine in the therapy of cochlear-
synaptic tinnitus: a placebo-controlled blind study. Basic and clinical
science of mental and addictive disorders 1997;167:198-200.

Denk DM, Heinzl H, Franz P, Ehrenberger K. Caroverine in tinnitus
treatment. A placebo-controlled blind study. Acta Otolaryngol Stockh
1997;117:825-30.

Burcham PC. Genotoxic lipid peroxidation products: their DNA
damaging properties and role in formation of endogenous DNA
adducts. Mutagenesis 1998;13:287-305.

Marnett LJ. Oxyradicals and DNA damage.
2000;21:361-70.

Eckl PM, Ortner A, Esterbauer H. Genotoxic properties of 4-hydro-
xyalkenals and analogous aldehydes. Mutat Res 1993;290:183-92.
Esterbauer H. Cytotoxicity and genotoxicity of lipid-oxidation pro-
ducts. Am J Clin Nutr 1993;57:779S-85S.

Lipinski B. Pathophysiology of oxidative stress in diabetes mellitus. J
Diabetes Complications 2001;5:203-10.

Aviram M. Review of human studies on oxidative damage and
antioxidant protection related to cardiovascular diseases. Free Radic
Res 2000;3(Suppl):S85-97.

Lefer DJ, Granger DN. Oxidative stress and cardiac disease. Am J Med
2000;9:315-23.

Carcinogenesis

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Halliwell B. Lipid peroxidation, antioxidants and cardiovascular
disease: how should we move forward? Cardiovasc Res 2000;7:
410-8.

Cerutti PA. Prooxidant states and tumor promotion. Science 1985;27:
375-81.

Rosen P, Nawroth PP, King G, Moller W, Tritschler HJ, Packer L.
The role of oxidative stress in the onset and progression of diabetes
and its complications: a summary of a Congress Series sponsored
by UNESCO-MCBN, the American Diabetes Association and
the German Diabetes Society. Diabetes Metab Res Rev 2001;7:
189-212.

Nohl H. Involvement of free radicals in aging: a consequence or cause
of senescence. Br Med Bull 1993;9:653-67.

Nohl H. Biologie und Toxikologie des Sauerstoffs. In: Uraniis S,
editor. Chirurgische Forschung, Zuckerschwerdt. Verlag: Wien; 1994,
p. 59-80.

Liu Y, Stolze K, Dadak A, Nohl H. Light emission resulting from
hydroxylamine induced singlet oxygen formation of oxidizing LDL-
particles. Photochem Photobiol 1997;66(4):443-9.

Morehouse KM, Mason RP. The transition metal-mediated formation
of the hydroxyl free radical during the reduction of molecular oxygen
by ferredoxin-ferredoxin: NADP' oxidoreductase. J Biol Chem
1988;263:1204-11.

Naito Y, Yoshikawa T, Tanigawa T, Sakurai K, Yamasaki K, Uchida M,
Kondo M. Hydroxyl radical scavenging by rebamipide and related
compounds: electron paramagnetic resonance study. Free Radic Biol
Med 1995;18:117-23.

Kochany J, Bolton JR. Mechanism of photodegradation of aqueous
organic pollutants. 1. ESR spin trapping technique for the determina-
tion of *OH radical rate constants in the photooxidation of chlor-
ophenols following the photolysis of H,O,. J Phys Chem 1991;95:
5116-20.

Halliwell B, Gutteridge JMC. Free radicals in biology and medicine.
Oxford: Clarendon Press; 1985, p. 84-91.

Bielski BHJ, Cabelli DE, Arudi RL. Reactivity of HO,/O, * radicals
in aqueous solution. J Phys Chem 1985;14(4):1041-99.

Finkelstein E, Rosen GM, Rauckman EJ. Spin trapping Kinetics of the
reaction of superoxide and hydroxyl radicals with nitrones. J Am
Chem Soc 1980;102:4994-9.

Armstrong RC, Swallow AJ. Pulse- and gamma-radiolysis of aqueous
solutions of tryptophan. Radiat Res 1969;40:563-79.

Iddon B, Phillips GO, Robbins KE, Davies JV. Radiation chemistry of
aqueous solutions of indoles and its derivatives. J Chem Soc
1971;B:1887-92.

Seidman MD. Glutamate antagonists, steroids and antioxidants as
therapeutic options for hearing loss and tinnitus and the use of an inner
ear drug delivery system. Int Tinnitus J 1998;4:148-54.

Eybalin M, Pujol R. Cochlear neuroactive substances. Arch Otorhi-
nolaryngol 1989;246:228-34.

Pujol R, Puel JL, Gervais DC, Eybalin M. Pathophysiology of the
glutamatergic synapses in the cochlea. Acta Otolaryngol 1993;113:
330-4.

Seidman MD. Effects of dietary restriction and antioxidants on
presbyacusis. Laryngoscope 2000;110:727-38.



	The antioxidant activity of caroverine
	Introduction
	Materials and methods
	Chemicals
	Liposomes preparation
	Initiation of lipid peroxidation by Fenton reagents
	Vitamin E measurements
	Determination of hydroxyl radical scavenging activity
	Determination of superoxide scavenging activity
	Statistics

	Results
	Discussion
	Acknowledgements
	References


