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Abstract

Cannabis sativa affects almost every system in the body of animals and humans resulting in
impairments, especially of attention, memory, and ability to process complex information which may
be a result of inhibition or activation of activities and expressions of neurotransmitters involved in
these biological functions. The effects of doses of Cannabis sativa extract on brain acetylcholine
esterase (AChE) activity and the expression of dopa decarboxylase gene (DDC) an enzyme involved in
the biosynthetic pathway of Serotonin (a neurotransmitter) was investigated to correlate the duration
of use with associated cholinergic neurotoxicity and behavioral implications. Male Wistar rats weighing
between 9og + 10 g were treated with graded doses of petroleum ether extract of C. sativa (12.5, 25,
and 50 mg/kg body weight) orally for 4, 8, and 12 weeks. AChE activity was measured in the brain of the
treated animals using the colorimeter method while the expression of DDC was obtained using reverse
transcriptase-polymerase chain reaction (RT-PCR) method. There was a significant (p<0.05) increase
(about 16.6 %) in the brain AChE activity in rats treated with the different doses of C. sativa at 4 weeks.
A significant (p<0.05) decrease in the enzyme activity by 29.9 % and 24.5 % was however observed after
8 weeks’ administration of 25 and 50 mg/kg doses of C. sativa respectively. Administration of all
measured doses of C. sativa for 12 weeks resulted in significant(p<0.05) increase in brain AChE activity
by 17.3 % and 28.7 % and 39.3 % respectively, Upregulation of about 35.9 % and 30.6 % was recorded in the
expression of DDC with the administration of only 50 mg/kg after 4 and 8 weeks, no significant(p>0.05)
difference was however observed after 12 weeks exposure to all doses of the extract. The important
implication of our study is that prolonged cannabis exposure increases AChE activity in the brain and
ultimately could decrease brain level of acetylcholine thereby affecting cognition and
neurotransmission. Alteration of the expression of DDC in the brain after exposure to different doses
for varying duration could also account for different behavioral tendencies observed in users.
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Introduction

Cannabis sativa is a popular recreational drug
around the world, like alcohol, caffeine, and tobacco
with tetrahydrocannabinol, THC as the principal
psychoactive constituent responsible for the feeling
of “high”, mild euphoria and state of relaxation [1].
Exposure to Cannabis sativa usually starts in school,
at the teenage years [2] with effects in almost every
system of the body. It combines many of the
properties of alcohol, tranquilizers, opiates, and
hallucinogens [3], and could produce anxiolytic,
sedative, analgesic, dysphoric reactions, including
severe anxiety, panic, paranoia, and psychosis [4].
These impairments, especially of attention, memory,
and ability to process complex information, maybe a
result of inhibition or activation of different
neurotransmitters and can last for many weeks,
months, or even years after cessation of use [5].
Neuroanatomic alterations in brain regions rich in
cannabinoid receptors, such as the hippocampus,
prefrontal cortex, amygdala, and cerebellum are
often linked to exposure[6].

Acetylcholinesterase (AChE) enzyme s
present in high concentration in all types of
conducting tissue, nerve and muscle, central and
peripheral tissues, motor and sensory fibers. It is
released by motor neurons to activate muscles [7]
by rapid hydrolysis of acetylcholine (ACh).
Acetylcholine functions in the peripheral nervous
system (PNS) and central nervous system (CNS). It
activates muscles in the PNS, while in the CNS,
cholinergic projections from the basal forebrain to
the cerebral cortex and hippocampus support the
cognitive functions of those target areas [8]. It also
has different effects on plasticity, arousal, and
reward and in the enhancement of alertness, to
maintain attention, learning, and memory [9].

Serotonin (5-HT) is a monoamine neurotransmitter
that plays a central role in the modulation of anger,
aggression, body temperature, mood, sleep,
sexuality, and appetite as well as stimulation of
vomiting reflex. It is mainly found in the
gastrointestinal (GI) tract, the platelets, and the
central nervous system of animals and it contributes
to a sense of well-being and happiness [10]. Several

classes of pharmacological antidepressants act by
modulating serotonin at synapses [11].

The serotoninergic system is in a strategic position
to regulate complex sensory and motor patterns
during diverse behavioral states. 5-HT has been
implicated in the etiology of numerous disease
states, such as depression, anxiety, social phobia,
schizophrenia, obsessive-compulsive, panic
disorders, migraine, hypertension, pulmonary
hypertension, eating disorders, vomiting, and
irritable bowel syndrome [12].

Dopa decarboxylase (DDC), catalyzes the
conversion of L-aromatic amino acids into amines. It
is central in the synthesis of dopamine and
serotonin and therefore a pharmacotherapeutic
target. It metabolizes the serotonin precursor, 5-
hydroxytryptophan to the transmitter serotonin. It
is also known as Aromatic L-amino acid
decarboxylase (AAAD), tryptophan decarboxylase
and 5-hydroxytryptophan decarboxylase, [13]). The
gene encoding the enzyme is referred to as DDC and
located on chromosome 7 in humans [14]. It has
been identified in monoaminergic neurons and
neurons that do not contain other monoamine
synthetic enzymes, as well as in kidney and blood
vessels [15].

Methods

Animals

Juvenile Wistar rats, with average weights
of 90 * 10g were used. The Wistar rats were
purchased from the College of Veterinary Medicine,
Federal University of Agriculture, Abeokuta. The rats
were maintained in polypropylene cages with steel
wire tops at a temperature of 23 = 2 ° C under a 12h
light-dark cycle, food and water were provided ad
libitum. The experimental protocol was approved by
the ethical committee of the Biochemistry
Department, which is in conformation with the NIH
guidelines as outlined in NIH publication 80-23 (NRC,
1985).
Drugs and Chemicals

Cannabis sativa was obtained from the
National Drug Law Enforcement Agency (Nigeria).
Other chemicals and reagents were obtained from
Sigma Chemical Co. (St. Louis, MO, USA).
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Preparation of Cannabis resin extract

Cannabis extract was prepared from the
whole plant, it was air-dried at room temperature
and pulverized using a clean, dry electric blender.
250 g of milled marijuana was soaked in 1000 ml of
petroleum ether in a round bottom flask for 24
hours, decanted. The filtrate was concentrated
using a rotary evaporator and the concentrated
extract was dissolved in olive oil.
Study Design

The animals were randomly divided into twelve
groups of six animals each. Group A1 animals served as
the control for groups A2, A3, and A4 that were given
12.5, 25, and 50 mg/kg oral doses by gavage of the
concentrated extract daily for 4 weeks respectively.
Similarly, group B1 served as the control for groups B2,
B3 and B4 given 12.5, 25, and 50 mg/kg oral doses of
the extract respectively for 8 weeks while animals in C1
were the control for groups C2, C3, and C4 exposed to
12.5, 25, and 50 mg/kg oral doses of the extract
respectively for 12 weeks. Each group was housed in
separate cages and allowed to acclimatize for two
weeks before the commencement of marijuana
exposure. At the end of each group treatment, rats
were euthanized by exsanguinations by cardiac
puncture. The brain was excised from the animals and
0.1 g was homogenized in 0.9 ml of 0.1 M Tris buffer
(pH 7.4) [16]
Determination of Acetylcholinesterase Activity

Brain AChE activity was determined using
the colorimetric method of Ellman et al (1961) [17] as
described by Whittaker (1984) [18]. Briefly, 0.10 ml
of Buffered Ellman’s reagent, 5, 5’-dithiol-bis-2-
nitrobenzoic acid (DTNB) (DTNB, 10 mmol/l,
NaHCO;, 17.85 mmol/l in phosphate buffer 100
mmol/l, pH 7.0) and 0.02 ml of acetylthiocholine
solution (acetylthiocholine iodide, 75 mmol/l), were
added to 3 ml phosphate buffer (pH 8.0) in a
cuvette and incubated at 25°C for 10 minutes. 0.1 ml
of the homogenate was then added and absorbance
was monitored at 30 seconds interval for 3 minutes
at 410 nm. A Jenway 6405 UV/|Visible
spectrophotometer (Jenway Ltd., Felsted, Dunmow,
Essex, U.K.) was used for all measurements. Enzyme
activity was expressed as u/g tissue.
Calculation (u/g tissue):

AA XV x 1000
EXOXAtXvV

AA - Change in absorbance

V - Volume of assay

At - Change in time = 3 mins

v — Volume of the sample used in the assay
£ =1.361 x mmol” x mm"

d - Cuvette =10 mm

RNA extraction

RNA was extracted from RNAlater®-
stabilized the brain using the Aidlab spin column
RNA extraction kit according to the instructions of
the manufacturer. Concentration and purity of
extracted RNA were determined at 260 nm and 280
nm using a NanoDrop® 2000 spectrophotometer
(Thermo Scientific). RNA samples were kept at -80
°C until gene expression analysis.

Expression of Dopa decarboxylase (DDC)

The levels of expression of Dopa
decarboxylase were assessed in the brain using
semi-quantitative reverse transcriptase-polymerase
chain reaction (RT-PCR). The RT-PCR was carried out
with a 500 ng RNA template using the TranGen
EasyScript one-step RT-PCR kit according to the
manufacturer’s instructions. The RNA samples were
subjected to an initial 30 min incubation at 45 °C for
cDNA synthesis after which PCR amplification was
carried out, using gene-specific primers (GSP) (Table
1), at 94 °C for 5 min followed by 40 cycles of 94 °C
for 30 s, 5 min at the annealing temperature of GSP,
and 1 min at 72 °C. All amplifications were carried out
in C1000 Touch™ Thermal Cycler (Bio-Rad
Laboratories, Hercules, CA). After PCR, amplicons
were visualized on 1.2 % agarose gel in 1X Tris Borate
EDTA buffer using UVP BioDoc-It-
™ Imaging system (Upland, CA, USA). The intensity
of the bands was analyzed using Image J software
[19]. Results were presented as relative expression
(ratio of the intensity of each gene to that of B-actin,
Actb) of the gene in comparison with housekeeping
(B-actin, Actb) gene.

Data analysis

The results obtained are expressed as the mean
standard error of mean (SEM). One-way analysis of
variance (ANOVA) followed by Tukey’s multiple
range test was used to analyze the results. Values
with p<0.05 were regarded as being significant,
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using the Statistical Package for Social Sciences
(SPSS) version 20.0.

Results

At 4 weeks, there was a significant (p < 0.05)
increase in the brain AChE activity in rats treated
with all the different doses (12.5, 25, and 50 mg/kg
body weight) of C. sativa compared to the olive oil
control group (Figure 1). A significant inhibition in
the enzyme activity by 29.9% and 24.6% was however
observed after 8 weeks’ administration of 25 and 50
mg/kg doses of the C. sativa (Figure 2). Prolonged
administration (12 weeks) of C. sativa was
accompanied with significant (p<0.05) increase in
brain AChE activity by 17.3%, 28.7%, and 39.3%
respectively compared to the control group (Figure
3)-

At 4 weeks’ exposure to marijuana, there was an
upregulation in the expression of DDC only in the
group administered 50 mg/kg body weight dose
while there was no significant difference (p > 0.05)
at 12.5 mg/kg and 25 mg/kg doses when compared
to the control. At 8 weeks’ exposure, there was a
significant increase (p < 0.05) at 12.5 mg/kg and 50
mg/kg doses while 25 mg/kg dose produced no
significant effect when compared to the control
group. However, at 12 weeks’ exposure to graded
doses of marijuana, there was no significant
difference (p > 0.05) in the expression of the gene
at all the doses (Figure 4).

Discussion

This research work revealed an increase in the
activity of brain acetylcholinesterase (AChE)
following the administration of different doses of
cannabis extract over a total period of 12 weeks.
Communication between two regions of the brain
that control memory and learning, the basal
forebrain and the hippocampus is enabled when the
receptors are activated. ACh’s role in the brain
enhances both neuron signaling intensity and
quality by increasing theta waves. In particular,
acetylcholine enhances the encoding of memories in
the perirhinal and entorhinal cortex [8]. Also, ACh
initiates synaptogenesis, the normal development
of synapses throughout the brain [8]. This
additionally improves memory encoding and

attention during learning. AChE is a major enzyme
that terminates the action of acetylcholine at post-
synaptic junctions and its catalytic activity has been
tuned to the highest possible level causing rapid
hydrolysis of thousands of acetylcholine molecules
in micro-seconds. This termination ensures that the
nervous system is not unnecessarily stimulated [20].
A further increase, as observed in some of the doses
employed over a certain period in this study, will
consequently reduce the time of interaction of
acetylcholine with receptors on the postsynaptic
membrane.

Damage to the cholinergic (acetylcholine-producing)
system in the brain is associated with memory
deficits as seen in Alzheimer's disease and Attention
Deficit Hyperactivity Disorder (ADHD) [21].

Some findings reported a decreased AChE activity
after exposure to different toxicants [22-24]
diseases [25] and drugs. Our findings revealed an
increase at 4 and 12 weeks’ exposure to all the doses
of marijuana extract. There was a decrease at 8
weeks’ exposure to 25 and 50 mg/kg doses, which
was swiftly reversed, this corroborates the work of
Abdel- Salam et al. [26] and Acquas et al. [27] who
reported increased cortical and hippocampal
acetylcholine  release  following intravenous
administration of low doses (10-150 ug/kg) of delta
9-THC to freely moving rats and elevated AChE
activity after 6 weeks of daily subcutaneous
administration of cannabis resin respectively.

Although the effect of marijuana on the expression
of DDC was not significant after 12 weeks of
exposure to all the doses, there was a decrease in
the expression when compared to 4 weeks and 8
weeks. This could be as a result of reduced
transcription and/or tolerance developed by the
body system to the cannabis. Reduced dopa
decarboxylase activity has been suggested to have a
role in schizophrenia, postural hypotension,
oculogyric crisis, hallucination, and cognitive deficit
[28; 29]. On the other hand, dopa decarboxylase
inhibitors  (DDCIs) such as carbidopa and
benserazide,are of clinical importance in the
therapeutic administration of levodopa for the
treatment of Parkinson’s disease [30]. This is to
prevent the premature conversion of dihydroxyl
phenylalanine (DOPA) to dopamine. The decrease
observed in the expression of DDC after 12 weeks
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exposure, might be the reason for the submission of
Cherek et al. [31] that prolonged exposure to high
doses of cannabis could result in decreased
synthesis of serotonin and lead to ‘“amotivational
syndrome” i.e a state of decreased motivation,
reduced ability to concentrate, loss of effectiveness,
decreased capacity to carry out complex plans or
prepare realistically for the future. Gruber et al. [32]
also revealed that chronic exposure to high doses of
cannabis worsens depression and other psychiatric
conditions like psychosis. An association was also
established between the intake of cannabis and
increased prevalence of depressive disorders
anxiety and mood disorders [33] [34]- Moreover,
among patients with bipolar disorder, cannabis
users exhibited less compliance and a higher level of
overall illness severity compared with non-users
[35]. The result from this study also corroborates
the findings of Bambico et al. [36] that low doses of
cannabis increased the production of serotonin
through interaction with the CB1 receptors and
responsible for its use as an antidepressant.
However, exposure to higher doses completely
reversed its effect.

The findings of this study suggest that the
effects produced by cannabis use are linked to an
alteration of the serotonergic system. Also, an
important implication of our study is that marijuana
exposure might be associated with activation of
acetylcholinesterase activity which could cause a
decrease in the brain levels of acetylcholine, due to
rapid hydrolysis and a reduction in the time of
interaction with the postsynaptic receptors which is
required for it to elicit its numerous functions. This
reveals to some extent an effect on
neurotransmission and could explain at least in part,
the cognitive and memory deficits observed in some
users.
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Table 1: Sequences of gene-specific primer

Gene Specific Primers ~ Sequence (5-3") Template

DDC Forward: TTGCAGAGCTGGACTGAGTG NM_012545.4
Reverse: GCATAGCTGGGTAGGAGCTG

B-Actin Forward: GTCAGGTCATCACTATCGGCAAT NM _031144.3
Reverse:

AGAGGTCTTTACGGATGTCAACGT
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Figure 1: Effects of C. sativa on Brain AChE activity after 4 weeks of exposure. Data represent mean + S.E.M (n=6).
Bars with different no of * are significantly different from one another (p<0.05).
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Figure 2: Effects of C. sativa on Brain AChE activity after 8 weeks of exposure. Data represent mean * S.E.M (n=6).
Bars with different no of * are significantly different from one another (p<o0.05).
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Figure 3: Effects of C. sativa on Brain AChE activity after 12 weeks of exposure. Data represent mean * S.E.M
(n=6). Bars with different no of * are significantly different from one another (p<0.05).
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Figure 4: Effects of C. sativa on relative expressions of dopa decarboxylase gene (DDC) in the brain after 4, 8 and
12 weeks of exposure. Data represent mean * S.E.M (n=6). Bars with different alphabets are significantly different

from one another (p<0.05).
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