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Effect of Oxidative Stress on (*H)N-Methylscopolamine
Binding and Production of Thiobarbituric Acid Reactive
Substances in Rat Cerebral Cortex Membranes.
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Abstract. We investigated the effect of lipid peroxidation, n witro induced by
H20; or FeSO,4 and ascorbic acid, on binding properties of muscarinic receptors
in rat cerebral cortex membranes. Simultaneously the concentrations of thiobar-
bituric acid reactive substances (TBARS) were measured to assess the extent of
lipid peroxidation. In conditions of increased TBARS levels the density of (*H)N-
methylscopolamine [(3H)NMS] binding sites in rat cerebral cortex membranes was
not affected. Decreased numbers of (*H)NMS binding sites observed in the pre-
sence of high concentrations of HyQy (100 and 1000 mmol.I"!) accompanied by
a decrease of TBARS levels might be related to a nonspecific effect of HoO2 on
cellular proteins.
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Introduction

Several reports have appeared during recent years, concerning binding properties of
membrane receptors for catecholamines (Kramer et al. 1987; Heikilla 1984), sero-
tonin (Muakkassak-Kelly et al. 1982, Villacara et al. 1989) and GABA (Yoneda
et al. 1985) in brain tissue under conditions in which increased amounts of free
oxygen radicals are generated. It appears that altered cholinergic transmission is
involved in some mental changes that occur with aging and in different neurological
disorders (Mesulam et al. 1983) in which an increase of free oxygen radical gener-
ation has been suggested (Jesberger and Richardson 1991). The aim of this study
was to investigate the effects of lipid peroxidation on muscarinic binding sites in
the rat cerebral cortex membranes.
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Materials and Methods

Preparation of tissue for binding studies

Male Wistar rats (300-350 g) were decapitated and whole brains without cerebellum were
rapidly removed and placed into ice cold NaCl solution (153.87 mmol.l™!). The cerebral
cortex was dissected, weighed and immediately frozen in liquid nitrogen. The tissue was
thawed on the day of the binding assay. The samples were homogenized (Ultra-Turrax) in
ice cold 5 mmol.I™! Tris-HCI buffer with 1 mmol.I"! MgCl, at pH 7.4 (100 mg tissue/1 ml
buffer). The homogenates were centrifuged at 1000 X g for 10 min at 4°C. The supernatant
was centrifuged three times at 50,000 x g for 10 min with intermittent resuspension of the
pellet. The final pellet was resuspended in 10 volumes of ice cold 50 mmol.l™! Tris-HC]
buffer.

Lipid perozmdation in vitro

Rat cerebral cortex membranes prepared as mentioned above were preincubated with
the oxygen radical generating system: (1) 60 min at 37°C with H20; in concentrations
ranging from 10 to 1000 mmol.l™" (Olafsdottir et al. 1991; Yoneda et al. 1985) or (2)
30 min at 37°C with ferrous sulfate (70 umol.l™') and ascorbic acid (5 pmol.1™*) (Wills
1969; Horakova et al. 1990). The ferrous sulfate and ascorbic acid solutions were freshly
prepared and mixed immediately before being added to each sample.

Control membrane samples corresponding to the first and second group were prein-
cubated with 50 mmol.1™* Tris-HC! buffer for 60 and 30 min respectively.

Binding assays for (*H )N-methylscopolamine [(°H )NMS]

In saturation experiments, preincubation with an oxygen radical generating system as
above, was followed by incubation of samples for 30 min at 37 °C with increasing concen-
trations of (*H)NMS (74 Ci.mmol.1"%; 0.1 - 8 nmol.I7?). Nonspecific binding was assessed
in the presence of 10 ymol.l™! atropine. The final volume of a sample was 250 pl. After
the incubation, 5 ml of ice cold 50 mmol.l™! Tris-HCI buffer was added to each sample
and the sample was immediately filtered under vacuum (Millipore) through glass fiber
filters (Whatman GF/C). The filters were additionally washed two times with 5 ml of the
buffer, transferred to tubes and dried in a oven at 60°C for 60 min. Then, 10 ml of SLT
scintillation fluid was added to each tube with the sample on the filter and radicactivity
of the samples was counted after 20 h (Packard TriCarb). The proteins, about 0.1-0.2 mg
per sample, were determined by the method of Lowry et al. (1951) with bovine albumin
as standard.

Assay of thiobarbituric acid reactwve substances (TBARS)

The extent of lipid peroxidation in rat cortical membranes after their preincubation with
H>0; or FeSO, and ascorbic acid was assessed by measuring the level of TBARS (Scherer
and Deamer 1986).
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Data analysus

The saturation curves of specific binding of (*H)NMS to muscarinic binding sites were
analyzed by fitting experimental data to nonlinear function, and Scatchard plots were
analyzed by fitting experimental data to linear function, with both procedures based
on the method of least squares (Munson 1984). The Kp and Bmax values, which are
expressed as mean values with 95% intervals of confidence, were obtained by Scatchard
analysis.

Chemacals

Chemicals used were as follows: atropine sulfate (Spofa), fertous sulfate (Sigma), malon-
dialdehyde bis-acetal (Merck), 1-(N-methyl-*H) scopolamine methyl chloride [( *H)NMS]
(Amersham), scintillation fluid SLT 41 (Chemapetrol), thiobarbituric acid (Sigma), tri-
chloroacetic acid (Merck), tris(hydroxymethyl)aminomethane [Tris] (Serva). All other
chemicals were obtained from Lachema.

Results

Effect of hydrogen peromde on (3H)NMS binding and TBARS level

In the control group, rat cerebral cortex membranes were preincubated for 60
min with Tris-HCI buffer and then incubated for 30 min with (*H)NMS (0.1-8
nmol.I"! in the presence or absence of 10 ymol.l~! atropine. The specific binding
of (3H)NMS to muscarinic binding sites was saturable with a By, value of 5.66
(4.66-6.66) pmol.mg~! protein (Fig. 1) and with a Kp value of 0.54 (0.15-0.92)
nmol.l=! (n = 6). Nonspecific binding did not exceed 5% of the total binding. The
changes in specific binding of (*H)NMS to muscarinic binding sites of rat cerebral
cortex membranes in samples preincubated for 60 min with increasing concentra-
tions of HyOs (10; 100; 1000 mmol.17!) are presented in Fig. 1. Preincubation of
membranes with 10 mmol.17! of H3O; did not elicit any change in the density of
(®H)NMS binding sites. In the presence of similar concentrations of HyOq (6 to 12
mmol.l71) a significant increase of TBARS level was found (Fig. 1).

Preincubation of rat cerebral cortex membranes with 100 or 1000 mmol.1=! of
H205 reduced significantly the density of (3H)NMS binding sites (by about 43 and
35% respectively). In the presence of a similar range of concentrations of HyQo
(100-300 mmol.1=1) the level of TBARS was significantly lower than in the control
group (Fig. 1). After preincubation of membranes with 1000 mmol.17! of HyO,,
TBARS were not detectable.

Kp values were not significantly changed after preincubation of membranes
with any concentration of HyO2 used (10; 100; 1000 mmol.1"1) (not shown).
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Figure 1. Effects of hydrogen peroxide (3-1000 mmol.1™!) on TBARS level (A) and on
Bumax of (*H)NMS (0.1-8 nmol.I™!) specific binding (0) to muscarinic binding sites of rat
cerebral cortex membranes. Membranes were preincubated with various concentrations
of Hz0; at 37°C for 60 min and then (*H)NMS binding and the level of TBARS were
measured. Each value represents the mean + S.E.M. obtained from 3 to 6 experiments.
*p < 0.05; ***p < 0.001, compared to control values.
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Figure 2. Effects of ferrous sulfate (FeSOy; 70 pmol.l™') and ascorbic acid (AA; &
pmol.1™") on the level of TBARS (8) and the Buax of (*H)NMS (0.1-8 nmol.1™?) specific
binding ([]) to muscarinic binding sites of rat cerebral cortex membranes. Membranes
were preincubated with FeSO4 and ascorbic acid at 37°C for 30 min and then (*H)NMS
binding and TBARS level were measured. Each value represents the mean + S.E.M.
obtained from 3 to 5 experiments. ***p < 0.001, compared to control values.
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Effect of ferrous sulfate and ascorbic acid on (3H)NMS binding and TBARS level

Rat cerebral cortex membranes were preincubated with Tris-HCI buffer for 30 min
and then incubated for 30 min with (3H)NMS (0.1-8 nmol.1"!) in the presence or
absence of 10 pmol.I"! atropine. The B,y value for (*H)NMS specific binding was
6.21 (4.94-7.49) pmol.mg ™! protein and the K p value was 0.66 (0.29-1.02) nmol.1 !
(n = 5). After 30 min preincubation of membranes with 70 umol.I=! FeSO4 and 5
pmol.1=! ascorbic acid no significant changes were found in the density (Fig. 2) or
affinity (not shown) of (*H)NMS binding sites, compared to the control values.

Preincubation of rat cortical membranes with 70 pmol.1"! FeSQ, and 5 pmol.1~!
ascorbic acid for 30 min resulted in an approximately fourfold increase in the con-
centration of TBARS (Fig. 2).

Discussion

In the brain tissue a decrease in the density of adrenergic (Heikilla 1984; Kramer
et al. 1987) and serotoninergic receptors (Villacara et al. 1989; Muakkassak-Kelly
et al. 1982) was observed in conditions supposed to be associated with increased
amounts of free oxygen radicals. In our experiments, there were no significant
changes in the density of muscarinic binding sites of rat cerebral cortex membranes
observed in the presence of H2O2 in a concentration inducing the largest increase
in TBARS indicating lipid peroxidation. Neither did the presence of the other
system studied, FeSO, and ascorbic acid, induce changes in binding properties of
muscarinic receptors of the rat cerebral cortex membranes, although an increase
in TBARS concentration occurred. QOur results are in agreement with those of
Gajewski and coworkers (1988) who did not observe significant changes in the
density of muscarinic binding sites on different types of tissues, in rat myocytes
and lymphocytes, pretreated with HoO,. Similarly, Van der Vliet and cowork-
ers (1989) concluded on the basis of their experiments on the isolated intestine
that muscarinic receptors were not specifically damaged by 1 mmol.I"! HyO; or
0.5 mmol.1"! cumene hydroperoxide. On the other hand, Arora and Hess (1985)
showed the cardiac muscle sarcolemma to exhibit a significant decrease in the level
of muscarinic receptors after HyO; (4.41 - 441 mmol.1"1) treatment. In our experi-
ments H,O; in concentrations of 100 and 1000 mmol.1~! caused a marked decrease
in the density of ( *H)NMS binding sites. These concentrations of HyOy, however,
appear to be very high as they exceed those observed in the vicinity of activated
leukocytes (Fligiel et al. 1984). The decreased densities of muscarinic binding
sites induced by HyO4 at 100 and 1000 mmol.I"! were accompanied by decreased
concentrations of TBARS which could be due to degradation of malondialdehyde
in the presence of high H;O; concentrations (Kostka and Kwan 1989). The dele-
terious effect of high HoOy concentrations on muscarinic receptor binding capacity
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could be due to a nonspecific action on cellular proteins.

Differences in the experimental conditions employed for the generation of oxy-
gen free radicals, different types of radioligands used and species and tissue de-
pendence might have contributed to the divergence of reported effects on receptor
density (Kaneko et al. 1991).

In conclusion, the possibility should be considered that in comparison with
other types of neurotransmitter receptors, muscarinic receptors in the brain may
be less sensitive to conditions supposed to be associated with increased amounts
of free oxygen radicals and lipid peroxidation.
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