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Abstract:

The in vitro effects of arachidonyl-2-chloroethylamide (ACEA; a selective CB�-receptor agonist) and N-piperi-

din-l-yl)-5-(4-chlorophenyl)-1-(2,4-cochlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide (SR141716A; a selective CB�-recep-

tor antagonist) on lipid peroxidation (spontaneous and Fe��-induced), total glutathione (GSH)-level and activity of antioxidant

enzymes (superoxide dismutase, glutathione peroxidase and glutathione reductase) in the rat brain were studied. The effects of these

CB�-ligands in Fenton system (generating �OH radicals) were also examined. The cannabinoids did not change the total GSH-level and

were without effects on the activity of antioxidant enzymes in the rat brain. These results proved a lack of in vitro pro-oxidant activity of

the CB�-receptor ligands, as well as a lack of direct effects on GSH and enzyme molecules. ACEA and SR141716A were without effect

on spontaneous lipid peroxidation, but decreased the Fe��-induced brain lipid peroxidation and OH-provoked deoxyribose degradation

in Fenton system. It can be suggested that the tested cannabinoids possess a metal-chelating activity, which might contribute to an

antioxidant activity. The data, obtained in this study offer a background for investigation of the in vivo effects of these CB�-receptor

ligands on antioxidant defense systems in the brain of healthy animals and animals, previously subjected to oxidative stress.
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Abbreviations: ACEA – arachidonyl-2-chloroethylamide,

GSH-Per – glutathione peroxidase, GSSG-Red – glutathione

reductase, LP – lipid peroxidation, ROS – reactive oxygen species,

SOD – superoxide dismutase, SR141716A – N-(piperidin-

l-yl)-5-(4-chlorophenyl)-1-(2,4-cochlorophenyl)-4-methyl-1H-

pyrazole-3-carboxamide, TBARs – thiobarbituric acid-reactive

substances, Win 55212-2 – R-(+)-[2,3-dihydro-5-methyl-3-

[(morpholinyl) methyl] pyrrolo[1,2,3-de]-1,4-benzoxazinyl]-

(1-naphthalenyl) methanone mesylate]

Introduction

The mechanism of pharmacological action of can-

nabinoids has been proved to be connected with two

distinct receptor subtypes, named CB1 (expressed

mainly in central and peripheral neurons) and CB2

(found mainly in immune cells), which are members

of the superfamily of G-protein-coupled receptors

[28–30].

It is known that cannabinoids exert wide spectrum

of central and peripheral effects by acting on the spe-

cific cannabinoid receptors. There are data that CB1

antagonists are able to reverse the classical pharma-

cological responses elicited by CB1 agonists. For exam-

ple, N-(piperidin-l-yl)-5-(4-chlorophenyl)-1-(2,4-co-

chlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide

(SR141716A; a potent and selective antagonist of the

brain cannabinoid receptors) reverses the inhibitory

effect of R-(+)-[2,3-dihydro-5-methyl-3-[(morpholinyl)
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methyl] pyrrolo[1,2,3-de]-1,4-benzoxazinyl]-(1-naph-

thalenyl) methanone mesylate] (WIN 55212-2; a non-

selective cannabinoid agonist) on isoniazid-induced

elevation of guanosine 3’,5’-cyclic monophosphate

(cGMP) in the rat cerebellum [34], attenuates the mem-

ory impairment produced by anandamide and �9-tetra-

hydrocannabinol [23], and also reverses the metabolic

effects, induced by anandamide ex vivo [7, 8].

Recently, investigations aiming to reveal whether

CB1 ligands possess antioxidant activity have been

performed. Hampson et al. [18] reported that can-

nabidiol (non-psychoactive constituent of marijuana)

and psychotropic cannabinoid �9-tetrahydrocannab-

inol (THC) reduced glutamate toxicity, that is an ef-

fect observed with antioxidants. The results of this re-

search group obtained by cyclic voltammetry demon-

strate that cannabidiol and THC are antioxidants.

According to Kim et al. [21], WIN 55212-2 reduces

neuronal death, measured by lactate dehydrogenase

release in cultures treated with 50 µM FeCl2, this pro-

tective effect being attenuated by SR141716A. WIN

55212-2 reduces the formation of reactive oxygen

species (ROS) in cortical neuron cultures treated with

FeCl2, and this effect is consistent with antioxidant

activity. The authors come to the conclusion that

receptor-stimulated inhibition of protein kinase A is

required for the neuroprotective effect of CB1 recep-

tor activation against oxidative neuronal injury.

ROS formation, free radical processes and peroxi-

dation of many important cell structures underlie the

pathogenesis of many diseases. Numerous investiga-

tors suggest that free oxygen radical chemistry con-

tributes to pathogenesis of different neurodegenera-

tive diseases, e.g. Alzheimer’s disease, Parkinson’s

disease and multiple sclerosis (a progressive demyeli-

nating disease). Free radical formation, abnormalities

in iron and copper distribution and metal-catalyzed

oxidation have all been found in Alzheimer’s and

Parkinson’s diseases and are thought to play an im-

portant role in their pathogenesis [5]. Oxidative stress

in the brain, a tissue with a high oxygen consumption

[24], is a potential causal factor in aging and age-

related neurodegenerative disorders, like Alzheimer’s,

Huntington’s and Parkinson’s diseases [6, 19, 26, 27,

33, 35]. Recent clinical data indicate that the use of

a combination of various antioxidants might be effec-

tive in preventing Alzheimer’s disease [2]. According

to Ramirez et al. [32], cannabinoids could prevent the

neurodegenerative process occurring in this disease.

Thus, the search for a new and effective therapy for

these diseases is of crucial importance. This acquits

the numerous studies, concerning the impairment of

free radical processes by drugs, representing their po-

tentially useful therapeutic action for treatment of oxi-

dative stress-related disorders.

The aim of this study was to obtain in vitro data

about the effects of CB1 receptor ligands on lipid per-

oxidation and on antioxidant enzymatic and non-

enzymatic defense systems in the rat brain, one of the

major tissues where CB1 receptors are located.

Moreover, as the brain contains cell membranes rich

in polyunsaturated fatty acid side-chains, it is thought

to be very susceptible to lipid peroxidation and oxida-

tive injury and the ROS, produced at some pathological

conditions can easily change the brain membrane struc-

ture [25]. The behavior of cannabinoids in Fenton sys-

tem, generating •OH radicals, was also studied in com-

parison with that of mannitol (a typical •OH scavenger).

Materials and Methods

Animals

Male Wistar rats, weighing 180–200 g, were housed

at 22–25oC and alternating 12-h light/dark cycle.

Prior to the experiments, the animals were fasted for

24 h, with ad libitum water-access. The rats were

killed by decapitation, under light ether anesthesia.

Materials

All reagents used were of analytical grade. ACEA (in

ethanol) and SR141716A were from Tocris (England);

deoxyribose, 2-thiobarbituric acid, riboflavine from

Sigma-Aldrich (Germany); GSH, NADPH from Boe-

hringer (Mannheim, Germany). SR141716A was solved

in DMSO and all other solutions, used in the experiments,

were prepared with over-glass redistilled water.

Preparations

The whole brain was washed with cooled 0.15 M

KCl, homogenized in 15 ml of cooled 0.15 M KCl

–10 mM potassium phosphate buffer (pH = 7.4) and

centrifuged at 3,000 rpm for 10 min. The post-nuclear

brain homogenates were used in the experiments; the

brain samples (2 mg of protein/ml of buffer) were in-
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cubated for 60 min at 0oC with different cannabinoid

concentrations; the control samples (2 mg of pro-

tein/ml of buffer) were incubated with DMSO or etha-

nol under the same conditions.

Methods

Protein content was measured by the method of

Lowry et al. [22]. Lipid peroxidation (LP) in the ab-

sence and in the presence of 5 × 10–5M Fe2+ (an in-

ducer of LP) was determined by the amount of the

thiobarbituric acid-reactive substances (TBARs),

formed in fresh preparations for 60 min at 37°C [20].

The absorbance was read at 532 nm against appropri-

ate blanks; the absorbance at 600 nm was considered

to be a non-specific baseline and was, therefore, sub-

tracted from A532. Total GSH-level was measured ac-

cording to Tietze [37]. Superoxide dismutase (SOD)

activity was determined according to Beauchamp and

Fridovich [1]; one unit of SOD activity is the amount

of the enzyme, producing 50% inhibition of nitro-blue

tetrazolium reduction. Glutathione peroxidase (GSH-

Per) activity was measured by the method of Gunzler

et al. [10]. Glutathione reductase (GSSG-Red) activity

was measured by the method of Pinto and Bartley [31].

Glucose-6-phosphate dehydrogenase (Glu-6-P-DH)

activity was determined according to Cartier et al. [4].

Hydroxyl radicals (•OH) were generated in Fenton

system; after incubation in the presence and in the ab-

sence of different cannabinoid concentrations at 37°C

for 30 min, the degradation of deoxyribose (DR),

a detector of •OH radicals, was measured in terms of

TBARs formation [14, 17].

Statistical analysis

The results were statistically analyzed by one-way

ANOVA with Dunnett post-test; p < 0.01 was ac-

cepted as the minimum level of statistical significance

of the established differences.

The experiments have been performed according to

the rules of the Ethics Committee of the Institute of

Physiology, Bulgarian Academy of Sciences (registra-

tion FWA 00003059 by the US Department of Health

and Human Services).

Results

The in vitro effects of increasing concentrations of

SR141716A and ACEA on the total GSH level and on

the activity of antioxidant enzymes (SOD, as well as

GSH-Per, GSSG-Red and related to them Glu-6-

P-DH) in the rat brain are presented in Table 1. The

total brain GSH level was not changed in the presence
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Tab.1. In vitro effects of SR141716A and ACEA on GSH-level and antioxidant enzyme activities in the rat brain

Drugs GSH Glu-6-P-DH GSSG-Red GSH-Per SOD

Controls 3240 ± 155 16.5 ± 1.22 14.8 ± 1.05 36.3 ± 0.96 11.6 ± 0.88

SR 141716A

5.0 � 10�� M 3098 ± 156 18.0 ± 1.11 15.7 ± 0.65 35.5 ± 1.15 10.5 ± 0.82

1.5 � 10�� M 3073 ± 197 15.2 ± 2.04 12.3 ± 0.82 36.7 ± 1.25 10.5 ± 1.76

5.0 � 10�� M 3478 ± 197 18.0 ± 1.41 12.7 ± 0.97 31.8 ± 2.58 12.7 ± 1.27

1.5 � 10�� M 3504 ± 260 16.0 ± 2.14 12.5 ± 1.15 29.3 ± 3.84 10.6 ± 1.82

ACEA

5.0 � 10�� M 3292 ± 82 15.8 ± 1.52 16.0 ± 0.78 37.0 ± 0.74 11.8 ± 0.76

1.5 � 10�� M 3066 ± 112 14.2 ± 2.20 16.1 ± 0.56 35.5 ± 1.06 12.4 ± 0.50

5.0 � 10�� M 3062 ± 85 18.2 ± 2.02 17.0 ± 0.82 36.6 ± 1.24 12.4 ± 0.91

1.5 � 10�� M 3017 ± 83 14.6 ± 1.78 17.8 ± 1.24 38.1 ± 1.60 11.7 ± 1.00

Values represent the mean ± SEM of 5 animals. The total GSH-level was expressed in ng/mg of protein; the Glu-6-P-DH, GSH-Per and GSSG-
Red activities were expressed in nmoles NADP(H)/min/mg of protein (molar extinction coefficient of 6.22 � 10

�
M

��
cm

��
) and the SOD activity in

U/mg of protein



of these CB1-ligands. SR141716A and ACEA had

also no effect on the activity of the antioxidant en-

zymes studied; the spontaneous lipid peroxidation

was also unaffected. However, a decrease in non-

enzymatic metal-catalyzed (with Fe2+) lipid peroxida-

tion was observed in the presence of the higher can-

nabinoid concentrations used (Tab. 2).

The effects of increasing concentrations of the

drugs on DR degradation by •OH radicals, generated

in Fenton reaction (Fe3+/ascorbic acid + H2O2 � •OH),

were also studied. The experiments were carried out

in the absence and in the presence of EDTA (a typical

metal chelator).

Alike mannitol (a typical •OH scavenger),

SR141716A and ACEA decreased DR degradation,

both in the absence and in the presence of EDTA

(Tab. 3). However, the SR141716A dose-dependent

inhibitory effect on the DR degradation was more

clear-cut in the absence, than in the presence of

EDTA. When the latter was present in the reaction

mixture, the ACEA-induced inhibition of DR degra-

dation did not depend on the ACEA concentration.

Discussion

The present in vitro study showed that the examined

CB1-ligands did not change the levels of total GSH

and spontaneous lipid peroxidation or the activity of

antioxidant enzymes in the rat brain. These results

proved a lack of in vitro pro-oxidant activity of the

cannabinoids.

The both cannabinoid ligands decreased the Fe2+-

induced lipid peroxidation in the brain, as well as the
•OH-provoked DR degradation in Fenton reaction.

The DR assay in the presence of Fe3+, ascorbic acid

(an Fe3+-reducing agent) and H2O2 has been proposed

as a simple “test-tube” method for determination of

rate constants of the reaction of different substances

with •OH [13, 17]; DR is known to bind iron ions,

which in turn would catalyze a site-specific produc-

tion of •OH radicals [13]. By binding iron ions, the

classical •OH scavengers, e.g. mannitol, decrease the
•OH-dependent damage of the detector molecule

(DR). It has been established that scavengers with

a higher metal-binding affinity than that of DR mole-

cule can protect the DR molecule, transferring the

damage to their own molecule [12, 13, 17].

In the present experiments, EDTA was also added

to the reaction mixture. It is well known that EDTA,

added to •OH-generating system, greatly enhances the

DR damage through removing iron from the detector
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Tab. 3. In vitro effects of SR141716A and ACEA on deoxyribose deg-
radation in Fenton system

Drugs (M) Without EDTA With EDTA

Control 0.767 ± 0.024 1.603 ± 0.076

SR 141716A

5.0 � 10�� M 0.687 ± 0.018 1.107 ± 0.012*

1.5 � 10�� M 0.459 ± 0.057* 0.858 ± 0.036*

5.0 � 10�� M 0.373 ± 0.051* 0.576 ± 0.019*

1.5 � 10�� M 0.126 ± 0.010* 0.609 ± 0.036*

ACEA

5.0 � 10�� M 0.724 ± 0.030 0.832 ± 0.028*

1.5 � 10�� M 0.482 ± 0.018* 0.900 ± 0.068*

5.0 � 10�� M 0.393 ± 0.010* 0.850 ± 0.091*

1.5 � 10�� M 0.415 ± 0.021* 0.868 ± 0.085*

MANNITOL

1.0 � 10��M 0.429 ± 0.015* 0.730 ± 0.029*

Fenton system: 20 mM potassium phosphate buffer pH = 7.2, 0.1 mM
FeCl�� 0.1 mM ascorbic acid and 0.1 mM H�O�. Additions: 3.4 mM
deoxyribose, 0.1 mM EDTA and different concentrations of drugs.
Values represent the mean ± SEM of 7 separate experiments and
were expressed in E���/mg of protein. * Significance of differences
vs. controls at p < 0.01

Tab. 2. In vitro effects of SR141716A and ACEA on lipid peroxidation
in rat brain homogenates

Drugs Spontaneous LP Fe��- induced LP

Control 4.1 ± 0.38 8.2 ± 0.50

SR 141716A

5.0 � 10�� M 4.8 ± 0.18 8.2 ± 0.29

1.5 � 10�� M 5.6 ± 0.66 8.5 ± 0.33

5.0 � 10�� M 4.3 ± 0.40 6.6 ± 0.71*

1.5 � 10�� M 5.0 ± 0.50 6.4 ± 0.44*

ACEA

5.0 � 10�� M 3.9 ± 0.78 8.8 ± 1.05

1.5 � 10�� M 4.9 ± 0.50 8.3 ± 1.10

5.0 � 10�� M 5.9 ± 0.84 6.0 ± 0.78*

1.5 � 10�� M 5.3 ± 0.82 3.0 ± 0.63*

Values represent the mean ± SEM of 5 animals. The TBARs, formed
for 60 min at 37�C were expressed in nmoles MDA/mg of protein (mo-
lar extinction coefficient of 1.56 � 10

�
M

��
cm

��
).

�
Significance of differ-

ences vs. controls at p < 0.01



molecule and then, more •OH escape into free solu-

tion [9, 12]. Moreover, EDTA facilitates iron reduc-

tion by ascorbate [3] and affects iron reactivity in this
•OH-producing ascorbate-dependent system [15, 16].

On the other hand, as a transition metal (Fe2+/Fe3+),

iron is a strong pro-oxidant and the iron-induced pro-

oxidant effect could be modified by different chela-

tors (including drugs). The iron effect depends on the

chelator type and chelator/metal molar ratio [11, 36,

38]; e.g., EDTA increases Fe3+ pro-oxidant effect,

while Desferal decreases it [11]. Multiple effects of

chelators on the rate of non-enzymatic Fe-catalyzed

lipid oxidation have been also interpreted considering

the chelator influence on iron redox-potential and

accessibility of the hydroperoxides to the metal-

chelator complex [39].

On the background of the above considerations,

a potential metal-chelating ability of the tested CB1

ligands might be suggested; it could explain their in

vitro effects on Fe2+-induced lipid peroxidation and

on •OH-provoked deoxyribose degradation. Probably,

a higher metal-binding affinity of EDTA (a typical

iron chelator), in comparison with that of the cannabi-

noids, is an explanation for the slighter SR141716A

and ACEA effects on DR degradation in the EDTA

presence.

In conclusion, the results of the present in vitro in-

vestigation suggest a lack of pro-oxidant effects of the

examined CB1 receptor ligands. It might be also

assumed that they possess a metal-binding ability,

which would contribute to an antioxidant activity, i.e.

an activity, determined on radical scavenging and/or

Fe-chelation. Moreover, the present findings in tissue

homogenates showed that both CB1 agonist and

antagonist acted in a similar way in decreasing Fe-

induced lipid peroxidation and DR degradation;

hence, it may be suggested that these effects are inde-

pendent of the CB1 receptors.

It is well known that antioxidants are compounds

that hinder the oxidative processes and thereby delay

or prevent oxidative stress. It has been reported that

the use of a combination of various antioxidants

might be effective in preventing Alzheimer’s disease

[2]. It is well known that cannabinoids possess a neu-

roprotective action, therefore, the present findings

might offer reliable grounds for the use of these com-

pounds as a therapeutic approach to neurodegenera-

tive diseases. In addition, the data obtained in this in

vitro study show the necessity of future in vivo inves-

tigations of the effects of these CB1-receptor ligands

on the antioxidant defense systems in healthy animals

and in animals subjected to oxidative stress.
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