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Our aim was to evaluate the effects of marijuana (Mar) and diazepam (Dz) on lipid peroxidation 
(TBARS), Na+, K+ ATPase activity, levels of glutathione (GSH) and 5-hydroxytryptophan (5-HTP). Male 
Wistar rats were given a single dose per group: extract of Mar (100 μL/kg), Dz (5 mg/kg), Mar plus Dz, 
and NaCl for control. Sixty mins after treatment, animals were sacrificed, and their brains extracted and 
homogenised to measure GSH, TBARS and 5-HTP levels. Na+, K+ ATPase and total ATPase activities. 
GSH and TBARS did not show differences respect to controls. Na+, K+ ATPase activity was similar as 
well. However, groups treated with Mar, total ATPase activity decreased significantly (p < 0.05). Levels 
of 5-HTP decreased significantly (p = 0.0001) in rats treated either with Mar and or Dz. Mar and Dz 
induced biochemical effects on the serotonergic metabolism, which can alter the development and func-
tion in rat brain, because it has also been involved in scavenging free radicals present there.
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INTRODUCTION

Marijuana is a plant that contains more than 460 different substances, including abun-
dant cannabinoids, such as the tetrahydrocannabinol, which induce biochemical 
alterations in the central nervous system (CNS) [37], including a possible neuropro-
tective effect during ischemic events [16]. For this reason, the use of marijuana with 
therapeutic purposes is officially authorised [31] in a few cities in the United States, 
and in some European countries; however, in several countries its use as well as its 
distribution and sale are considered illegal.

Marijuana can interact with some drugs that are currently used to improve people’s 
health. The substances contained in this plant have been associated to disturbances in 
the central nervous, cardiovascular, respiratory and immunological systems. In spite 
of it, marijuana has been found among the most frequently consumed drugs of abuse. 
According to this questionnaire, people who use drugs, frequently combine marijuana 
with other psychotropic drugs that require medical prescription, such as benzodiaze-
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pins. The combination of these drugs has been used in chronic treatment to elucidate 
the probable mechanism of the observed antianxiety effects of cannabis. This sug-
gests that such effect is mediated through central benzodiazepine receptors [32]. 

Diazepam belongs to this group of drugs and it is employed as a muscular relaxant, 
it is also indicated to patients who suffer from anxiety, and is found among the most 
illegally consumed drugs. 

This psychotropic drug is known to disturb the metabolism of serotonin [29], an 
important neurotransmitter whose biosynthetic pathway can be altered in the decar-
boxilation step of its precursor 5-hydroxytryptophan (5-HTP) [5]. The clinical use of 
this precursor has been proposed to improve neurological functions and the matura-
tion of the central nervous system of children with neurologic disorders [11].

Serotonin (5-HT) is necessary for the development and function of the CNS, and 
it has also been involved in scavenging free radicals present in damaged tissues [9], 
which can be increased as a consequence of oxidative metabolism in the presence of 
diverse neuroactive substances [8]. It is well known that the long-term use of drugs 
has been related to the levels required to reach analgesia. This phenomenon, defined 
as tolerance, is given by the cellular adaptation to the presence of those drugs [24], 
which are employed in any hospital service [26].

The μ opioid receptor plays an important role in the addiction to narcotics, in com-
bination with the synaptic function [28], and those drugs also interfere with the activ-
ity of the neuronal enzyme Na+ K+ ATPase, which is responsible of the ionic exchange 
across the plasma membrane, so that it can be used as a metabolic probe to study the 
effect of those drugs in rat brain [35], although its mechanism of action remains to be 
completely elucidated.

CNS is particularly vulnerable to oxidative damage, whose control depends upon 
the presence of various antioxidants, such as reduced glutathione (GSH) [19], the 
molecule most frequently involved in the regulation of redox equilibrium that pro-
tects the tissues against the action of free radicals, mainly against those that attack cell 
membrane [1]. This cell compartment is composed by more than 100 different types 
of lipids, although one single type can form a lipid bilayer due to its polymorphism, 
in different tissues [2], being these lipids the main target of the free radicals [1].

It is known that cannabinoids can interact with the endogenous opioid system, 
besides, previous studies have shown that after the central or peripheral administra-
tion of opioids, the levels of GSH decrease in peripheral organs [12]. On the other 
hand, nitric oxide (NO) can play an important role in the development of tolerance to 
the opioids [20], which can be controlled by the presence of melatonin, an important 
biomolecule that arises from the serotonergic metabolism [7], which exerts a signifi-
cant antioxidant effect within the CNS.

Due to the lack of related studies, the aim of the present work is to evaluate the 
possible oxidative damaged induced by Mar and Dz on rat brains, by means of the 
determination of GSH, 5-HTP, TBARS, Na+, K+ ATPase and total ATPase as indica-
tors of biochemical disturbances.
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MATERIAL AND METHODS

Twenty four male Wistar rats weighing 250 g were used, and were kept in closed cages 
with water and food ad libitum, under a twelve-hour photoperiod [12 hours light/12 
hours darkness). Animals were grouped randomly in 6-rat groups, with the following 
treatment sets: Group I NaCl 0.9%; group II Mar extract 100 μL/kg; group III diaze-
pam 5 mg/kg and group IV Mar + Dz 100 μL/kg + 5 mg/kg. For dosages were consid-
ered those previously used by Wall et al. [36]. All the substances were administered 
intraperitoneally (i. p.), in a single dose. All experimental procedure was done with 
authorization of the Laboratory Animals Use and Care Committee of our institution.

Sixty minutes after administering their corresponding doses, the animals were 
sacrificed by decapitation, and then we proceeded to obtain the brains and put them 
in a NaCl 0.9% solution at 4 °C. The brains were sliced into two sections sagitally. 
The left portion was homogenised in a 0.05 M tris-HCl buffer, pH 7.2 to measure 
lipid peroxidation (TBARS), Na+/K+ ATPase and total ATPase, and the right portion 
was homogenised in 0.1 M perchloric acid (HClO4) to measure GSH and 5-HTP. All 
the samples were kept at –20 °C until analysed.

The levels of reduced glutathione (GSH) were determined in the supernatant of 
homogenised tissue in HClO4 after centrifuging it at 5000 rpm for 10 min (Hettich 
Zentrifugen, Mikro 12-42 model, Germany) by the technique modified from Hissin 
and Hilf [17]. An aliquot from the supernatant in HClO4 was mixed with 1.8 mL of 
phosphate buffer pH 8.0, 0.2% ethylendiamine tetraacetic acid and 100 μL of ortho-
phthaldehyde, 1 mg/mL in methanol, in a test tube. The mixture was incubated during 
15 minutes at room temperature and protected from light, and afterwards samples 
were read at 350 nm/420 nm, excitation/emission wavelengths in a Perkin Elmer 
LS-55, England, spectrofluorometer FL Win Lab versión 4.00.02 software was used 
for the analysis.

The levels of 5-HTP were determined in the supernatant of the HClO4-homogenised 
tissue, as mentioned above for GSH, by the technique developed by Calderón et 
al. [4]. Samples were filtered through a Millex HV (Sep-Pack C18 de Millipore) filter, 
and 20 μL were injected to the HPLC equipment to be analysed. 

HPLC equipment: High performance liquid chromatographer with turbochrom 
system version 4.1 (Perkin Elmer) equipped with variable wavelength detector 
Spectra System UV1000 (Termo Separation Products), manual injector Rheodyne, 
four-gradient pump LC-1150 (GBC Scientific Equipment), double-channel interphase 
Perkin Elmer, and 3.9 × 150 mm Nova Pack C18 column (Waters). 

Chromatographic conditions: 0.01 M sodium acetate mobile phase pH 4.0, 
Methanol (85 : 15, v/v), 1 mL/min flux velocity, 254 nm wavelength.

Reagents: Sodium acetate. 3H2O and perchloric acid (reagent grade, Merck), metha-
nol (HPLC, Caledon Laboratories), 5-HTP standard (Sigma) and deionised water.

Measurement of lipid peroxidation. TBARS determination was carried out through 
the technique modified from Gutteridge and Halliwell [14], as outlined herein: Each 
tissue sample was homogenised in 5 mL of phosphate buffer pH 7.4, from which, 
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Fig. 1. GSH levels in wistar rat brain after single doses of marijuana and diazepam. Values were inferred 
from a standard curve and were expressed as nanomoles of GSH per gram of wet tissue. Ctrl = control, 

Dz = diazepam, Mar = marijuana. Average values (mean) ± D.E.

Fig. 2. Total ATPase activity in rat brain after single doses of marijuana and diazepam. Values were 
expressed as μM of inorganic phosphate (Pi) per gram of wet tissue per minute. Ctrl = control, Dz = diaz-

epam, Mar = marijuana. Mean ± D.E. ANOVA. * p < 0.05
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1 mL aliquot was taken and added 2 mL of a thiobarbituric acid (TBA) solution, 
which contained 1.25 g of TBA, 40 g of trichloroacetic acid (TCA) and 6.25 mL of 
concentrated hydrochloride (HCl), dissolved in 250 mL of distilled water, and was 
heated to 80 °C in a Thermomix 1420 equipment for 30 minutes. Afterwards, samples 
were put in an ice bath for 5 minutes and then centrifuged at 3000 g for 15 minutes 
(Sorvall RC-5B, Dupont centrifuge). Supernatant absorbance was read in a three 
sample set at 532 nm in a spectrophotometer (Heλios-α, UNICAM).

Determination of Na+, K+ ATPase activity. The method proposed by Calderón et 
al. [6], was carried out. Approximately 1 mg aliquots of 10% homogenised brain tis-
sue in 0.05 M tris-HCl, pH 7.4 were incubated for 15 minutes in a medium containing 
the following: 3 mM MgCl2, 7 mM KCl, 100 mM NaCl, with or without 0.06 mM 
ouabain. After this time, 4 mM tris-ATP was added and incubated for another 30 
minutes at 37 °C in a Dubnoff Labconco shaking bath. Reaction was stopped by add-
ing 100 μL of 10% TCA.

Samples were centrifuged at 3500 rpm for 5 minutes at 4 °C, and a supernatant 
aliquot was used to measure inorganic phosphate (Pi) according to the method pro-
posed by Fiske and Subbarow [10]. Supernatant absorbance was read at 660 nm using 
a UNICAM Helios-α spectrophotometer and the difference between the absorbance 
of both samples with and without ouabain, was considered as the Na+/K+ ATPase 
activity, expressed as μM of inorganic phosphate (Pi) per gram of wet tissue per min-
ute, whereas the total ATPase activity was obtained in the absence of ouabain.

Statistical analysis

In order to represent the data, the graphs considered mean ± standard deviation, and 
the strategy for the analysis of interference consisted in comparing these values of the 
studied variables GSH, 5HTP, TBARS, total ATPase and Na+, K+ ATPase. The results 
were analyzed by one-way ANOVA or Tukey test. Contrasts and comparisons for all 
pairs were obtained by Dunnett and Kramer`s HSD statistical tests, respectively. 
Values of p < 0.05 were considered statistically significant. The analysis was carried 
out by using the JMP V 7.0 de SAS Institute software (SDS 2003) [33].

RESULTS

Regarding to the levels of GSH in rat brain after treatment with Mar and Dz (Fig. 1), 
the combination of Mar and Dz induced a small decrease in this naturally occurring 
antioxidant; however, each one separately, did not induce any appreciable difference 
with respect to the control group.

Total ATPase activity decreased substantially (p < 0.05) in the group that received 
only Mar extract (Fig. 2), whereas the animals given Dz alone or in combination with 
Mar extract showed an activity akin to that of the control group. As is shown in Figure 
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Fig. 3. Na+, K+ ATPase activity in rat brain after single doses of marijuana and diazepam. Values were 
expressed as μM of inorganic phosphate (Pi) per gram of wet tissue per minute. Ctrl = control, Dz = diaz-

epam, Mar = marijuana. Mean ± D.E. ANOVA

Fig. 4. Lipid peroxidation products in rat brain after single doses of marijuana and diazepam. Levels of 
thiobarbituric acid reactive substances (TBARS) were expressed in micromoles of malondialdehyde per 

gram of wet tissue. Ctrl = control, Dz = diazepam, Mar = marijuana. Mean ± D.E. ANOVA
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3, Na+, K+ ATPase was found lower than the control values, this difference was sta-
tistically lower in those groups treated with Mar.

As is shown in Figure 4, thiobarbituric acid reactive substances (TBARS) had a 
lower concentration in the animals given either Mar, Dz and Mar + Dz, but the differ-
ences were statistically meaningless. A significant change was observed for 5-HTP 
levels, since in all the treated groups, regardless of administered drug, 5-HTP were 
smaller than the control values, these were statistically different (p = 0.0001) 
(Fig. 5).

DISCUSSION

Neurochemical mechanisms underlying development of drug dependency have not 
been fully clarified. The present experimental study provides evidence that biomark-
ers here analyzed may point at a common biochemical process.

GSH levels decreased after the administration of marijuana combined with diaze-
pam, this effect suggests that the drugs of abuse fail to protect the brain against oxida-
tive damage arising from its own endogenous metabolism [13], and these drugs leave 
the central nervous system (CNS) vulnerable to oxidative damage, induced by hydro-
gen peroxide and hydroxyl radicals, produced through the normal metabolic path-
ways [34], and probably due to the production of nitric oxide (NO), which also 
induces oxidative stress, and whose synthesis takes place within neurons during the 
opioid syndrome [18].

Fig. 5. 5-Hydroxytryptophan levels in rat brain after single doses of marijuana and diazepam. Values were 
inferred from a previously constructed standard curve and then expressed as micromoles of 5-HTP per 
gram of wet tissue. Ctrl = control, Dz = diazepam, Mar = marijuana. Mean ± D.E. ANOVA. 

**p = 0.0001
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Na+, K+ ATPase and total ATPase activities decreased substantially after the 
administration of Mar, suggesting that the inactivation of the enzyme could be 
responsible for the effect induced by these substances [21, 22], having also an effect 
on the fluidity of plasma membrane due to the presence of intracellular sodium [3]. 
Although the Ca++ and Mg++ ions, which are also responsible for the total ATPase 
function, could be disturbed by the high density of opioid receptors produced in brain 
tissue [25].

On the other hand, lipid peroxidation products decreased weakly in those animals 
given only Mar. These results are in agreement with those reported by Hampson et al. 
[16], which suggest that the main components of marijuana are antioxidant. This 
effect of the drugs of abuse may be explained since their chemical structure contains 
importantly lipophylic functional groups, which confers them a strong electrophylic 
character toward the lipid-rich cells within the brain.

With respect to the levels of 5-HTP, after the administration of either Mar or Dz 
decreased those substantially, probably due to the strong serotonergic activity [9], 
induced by marijuana, or to the inhibitory effect on the synthesis of 5-HT, through the 
GABAergic effects induced by diazepam [30]. These results suggest that the brain of 
people using marijuana and diazepam could be left unprotected due to decrease in 
5-HTP, since this serotonergic neurotransmitter exerts an antioxidant effect within the 
brain [23]. On the other hand, since the marijuana extract-treated animals stopped 
eating normally, it may be interesting to consider the disturbances in, 5-HT and their 
corresponding metabolites, specially subtype 6 5-HT receptor, since these neurotrans-
mitters play an important role in the control of appetite and hunger [15, 27]. 

Our results suggest that marijuana and diazepam are drugs that alter serotonergic 
metabolism, in rat brains, which can modify the development and function of the 
CNS, because it has also been involved in scavenging free radicals present there.
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