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Abstract: Tramadol and codeine are opioids known to have effective analgesic effects and potentials for the possible
development of tolerance and addiction. The recent increase in the use and abuse of these substances coupled with research
evidence implicating the ability of these opioids to readily access opioid receptors in the central nervous system (CNS) is a
source of research concern. This study, therefore, examined the effects of chronic exposure to codeine and tramadol on
exploratory learning behaviour. Twenty-four (24) male albino rats weighing between 150-200g and 4-6 weeks old, collected
from the University of Ibadan Veterinary animal farm were used for this study. They were divided into 4 experimental groups
of codeine, tramadol, combined codeine and tramadol and control groups with 6 rats in each group. They were exposed to
8mg/kg of codeine, 20mg/kg of tramadol, combined 8mg/kg of codeine and 20mg/kg of tramadol, and normal saline for the
codeine, tramadol, combined codeine and tramadol and control groups respectively for 28 days. The rats were administered
with the drugs every other day and observed after each treatment day for exploratory learning behaviour using the T-maze.
randomized block ANOVA showed a significant effect of codeine and tramadol on exploratory learning behaviour among male
albino rats, f (3,67) = 19.08, p < 0.001, n2=.08. Male albino rats in the codeine treatment group significantly took more time
exploring the maze (Mean = 176.64) than combined group (Mean =168.13), tramadol group (Mean =131.10) and control group
(Mean =92.48). The mean differences were significant (p<.001). It was concluded that chronic exposure to tramadol and
codeine has implications for exploratory learning and memory deficits.
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addiction leading to harm to the individual and the society at
large, does not constitute the use of drugs for the reasons
listed above, but rather the chronic, uncontrolled use of drugs
at the expense of normal activities and despite adverse
consequences that characterize drug addiction. Getting
addicted to drugs takes a process which may span over the
years to develop and can be likened to a learning process.
Learning to depend on a drug begins when the individual
perceives that taking a particular drug is rewarding with an
increasing desire to use the drug again. Environmental cues
may be associated with the drug intake overtime which may
alone be sufficient to stimulate the desire or craving for the

1. Introduction

Drug use, abuse and dependence and its consequences
have been a major concern for many nations. A report of the
United Nations Office on drugs and crime, recorded in World
Drugs Report in 2017, indicate that around a quarter of a
billion people used drugs, and approximately 29.5 million
showed drug use disorders, including dependence [1].

The reasons why humans indulge in drug use and abuse
are usually varied and they include reducing anxiety,
obtaining pleasurable feelings, relieving pain or stress,
increasing energy, and enhancing sociability. Drug abuse and
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drug. Drugs of abuse taken over time can affect the functions
of the neural systems mediating self-control over behaviour
and making them to dysfunction. Some research reports
indicate that addictive drugs can affect normal learning
systems as well as inhibit the ability to control the use of the
drugs, particularly in vulnerable populations like adolescents
[2, 3]. Some of such drugs are the opioids which include
tramadol and codeine.

Tramadol is a synthetic opioid and centrally acting analgesic.
It is a serotonin/norepinephrine reuptake inhibitor (SNRI) that
is structurally related to codeine and morphine. Tramadol is
considered a low-risk opioid for the treatment of moderate to
severe pain because it is considered tolerable as an analgesic
and has a multimodal mechanism of action.[4]. It can stimulate
the mu-opioid receptors or inhibit the serotonin and
norepinephrine reuptake which explains why it has
antidepressant effects [5]. Tramadol is a racemic compound
that has two enantiomers with two distinct and complementary
mechanisms of action. They are the (+) tramadol which is a
selective agonist of mu-opioid receptor and which
preferentially inhibits serotonin reuptake and enhances
serotonin release in the brain, and the (-) enantiomer which
mainly inhibits noradrenaline reuptake [6]. The major
metabolite of both enantiomers of tramadol is O-desmethyl—
Tramadol which is known to be more potent in the stimulation
of mu-opioid receptor than the parent compound [7].

Because tramadol is considered a low opioid analgesic, it
is used chronically to treat morphine and other opioids
withdrawal syndrome [8]. Tramadol is usually prone to abuse
particularly by adolescents and young adults because of its
mixed and specific mechanism of action [9]. There are
indications that the use and abuse of tramadol, either for
clinical purposes or for abuse is on the increase in recent
times [10]. The 39th WHO, ECDD Report [11], indicated a
widespread misconception regarding the use of tramadol
among the general population with some viewing it as a
mood enhancer, means to increase sexual stamina or as an
energy booster during work. Individuals who abuse tramadol
report that such mood-elevating properties cause them to take
higher doses of the drug or to take it more often than had
been prescribed leading to abuse of tramadol, causing
psychological or physical dependence and increasing the
potential for overdose risks.

Codeine is an opiate drug which is readily available and
used worldwide. It is commonly used for analgesic,
antitussive and antidiarrheal purposes. [12]. Codeine is
viewed as a weak opiate although it has the potential for
misuse, abuse and possible dependence. Side effects
associated with the use and abuse of codeine include sedation,
euphoria and constipation (12). Prolonged use of codeine
may lead to possible physical tolerance and dependence, and
stoppage of use can result in wunpleasant withdrawal
symptoms which may include physical effects [13]. Codeine
is usually available in many countries of the world as over-
the-counter (OTC) preparations although it is still a
prescription drug for the management of moderate pain. The
ready availability of codeine creates an impression of its

potential for habit-forming use, risk of development of
tolerance and dependence with related health harms
particularly relating to excessive or long-term use [14, 15].

Opiate abuse occurs when codeine-containing products are
used for recreational and excessive dose purposes as opposed
to medical purposes [16]. Codeine and codeine-containing
products are among the drugs of abuse majorly by youths and
young adolescents which has become a foremost emerging
health challenge in various nations around the world. This
might be attributed to the fact that the drugs are accessible in
the range of over-the-counter (OTC) medications which are
constantly bought without the need of a doctor’s prescription
[17]. According to a documentary titled “Sweet Sweet
Codeine” released by British Broadcasting Corporation (BBC)
in May 2018, thousands of youths in Nigeria, for instance,
are addicted to codeine-containing products, especially the
cough syrup formulation. This, however, led to the
subsequent ban on the importation and sale of codeine as an
active pharmaceutical ingredient (API) by the National
Agency for Food and Drug Administration and Control
(NAFDAC) in Nigeria [18]. The ban on the importation and
sale of codeine as an API has led to a drastic scarcity of
codeine-containing products within the country, although,
there is presently no legal backing on obtaining these
products as prescription-only medicine. There are enough
evidences to suggest that youths, especially students in
secondary schools and tertiary institutions use drugs in order
to enhance/or cope with learning and/or during examinations.
It is believed that these drugs help in facilitating their
assimilation and retention of learned items,

Some studies have tried to explain the relationship
between the influence of psychoactive drug use on learning
and memory. There is shared neurobiological mechanisms
involved in learning and memory processes and the drug-
induced structural and functional changes in the brain [19].
According to [19] an important overlap between the neural
substrates of learning and memory and those of addiction
exist. Some of the areas of overlap include the cerebral
cortex, hippocampus, amygdala and striatum which are all
components of the mesolimbic dopaminergic system.

Drugs of abuse are known to have direct pharmacological
actions on multiple neurotransmitter systems which enables
them to have the ability to usurp normal learning and
memory systems. Therefore, they mimic the dopamine signal
generation in the midbrain to both the dorsal and ventral
striatum which facilitate the learning of new events in the
environment [20, 21]. The outcome is that the drugs which
are mostly addictive substances create artificial learning
signals that are of a greater magnitude and duration than what
is observed neuro-chemically in response to the natural.

Drugs of abuse also directly affect learning and memory
processes by the alteration of normal glutamate transmission
[22]. According to [23], long-lasting alterations in glutamate
homeostasis in the nucleus accumbens, as well as enhanced
glutamatergic transmission from the prefrontal cortex upon re-
exposure to the drug, are outcomes of chronic drug exposure.
Glutamatergic activity is also necessary for virtually all forms
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of learning and is critical for prefrontal cortical control over
decision making and impulsivity [24]. Therefore, addictive
drugs can profoundly influence learning and memory circuits.

Memory formation is a complex process that requires
distinct neuronal networks and multiple pre- and post-
synaptic events. Studies conducted to investigate molecular
mechanisms underlying activity-dependent synaptic changes
during memory  formation show  that different
neurotransmitter in the central nervous system (CNS) plays a
key role in learning and memory [25]. The memory could be
impaired by the stimulation of gamma-aminobutyric acid
(GABA) receptor or the increase of GABA release [26, 27].
Several studies have also shown that serotonergic neurons
play a significant role in the learning and memory processes
[28, 29]. Evidence in research findings indicates that the
activation of opioid receptor in humans or animals impairs
memory [30, 31]. Conversely, it has been shown that some
antidepressants which increase the synaptic dopamine,
norepinephrine and serotonin inverted the depression
memory impairment [32, 29]. The activation of mu receptors
either directly or indirectly by chronic or acute use of opioid
agonist could impair memory [30, 33].

Although there are some studies on the effect of acute
tramadol and other opioids on memory [34, 35, 36],
researches are, however, scarce on the effect of combined
chronic administration of tramadol and Codeine on memory
(Exploratory learning behaviour). Therefore, this study was
designed mainly to experimentally examine the effects of
separate and combined chronic administration of tramadol
and codeine on exploratory learning behaviour of male albino
rats. This orientation was based on the fact that youths now
experiment with a cocktail/combination of drugs. It’s as if
one drug is no more enough to satiate their cravings. This
study will specifically;

a) examine the effects of chronic Tramadol administration on

exploratory learning behaviour among male albino rats.

b) examine the effects of chronic Codeine administration on

exploratory learning behaviour among male albino rats.

¢) examine the effects of combined acute administration of

both Tramadol and Codeine on exploratory learning
behaviour among male albino rats.

Rats were used because of their closeness to humans on
phylogenetic scale and because of ethical considerations in the
use of human beings in this kind of study. The following
hypotheses were tested in determining the relationship
between chronic administration of drugs (tramadol and
codeine) on exploratory learning behaviour in male albino rats;

1. Chronic exposure to Tramadol and Codeine will
significantly affect exploratory learning behaviour of male
albino rats exposed to the drugs.

2. Tramadol and Codeine will singly and jointly interact to
affect exploratory learning behaviour of male albino rats
exposed to chronic administration of the drugs.

3. Male Albino rats exposed to chronic combined
treatment of codeine and tramadol will be slower in
exploratory learning than male albino rats exposed to a single
exposure to codeine or tramadol

2. Methodology

The methodology adopted for this study which includes
research design, participants, setting, instruments used,
procedure and method of statistical analysis is presented.

2.1. Research Design

The independent group randomized design was used in this
study. Participants in the study were selected and placed in
four different groups. The first group was administered
Codeine, the second was administered Tramadol, the third
group was administered both drugs, Tramadol and Codeine
and the fourth group was administered normal saline as the
control group. The independent variables are the chronic
administration of Tramadol and Codeine, and the
combination of both drugs to the male albino rats. The
dependent variable was exploratory learning behaviour
displayed or exhibited by the male albino rats.

2.2. Setting

The experiment took place at the Animal Science
Laboratory, University of Ibadan, Oyo State, Nigeria.

2.3. Animal Population

The animals used were male Albino rats. A total of 24 male
Albino rats weighing between 150 - 200g and 4 — 6 weeks
old were used. They were divided into four (4) groups with
six (6) male rats in each group. The groups were Tramadol
group, Codeine group, combined Tramadol and Codeine
group and control group. The rats were randomly assigned to
different groups.

2.4. Drugs

The drugs used for this study were Tramadol HCL (50 mg
capsules) and Cough syrup (containing 220mg codeine).
Tramadol and Codeine were administered orally with the use
of an oral cannula. The rats were given 20mg/kg bodyweight
of Tramadol following the recommended 5mg/kg — 20mg/kg
dose for oral administration of tramadol in rats [37], while
Codeine was administered at a dose of 8mg/kg body weight
every 24 hours following the recommended therapeutic dose
of 2mg/kg/6hrs [38]. The dosage administered in this study
was, therefore, Tramadol- 20mg/kg and Codeine- 8 mg/kg.

2.5. Materials/Instruments

The following materials and instruments were used for this
study;
1. 6 experimental rat cages.
. Recording sheets
. Distilled water/saline
. Laboratory coat
. Oral cannula for the administration of drugs
. Hand Gloves.
. Face/Nose Mask
8. Coloured markers for easy identification of female
albino rats from, the control and experimental rat.
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9. Measuring cylinders used in diluting and measuring the
solution.

10. Weighing balance for the daily weighing of rats.

11. Stopwatch for timekeeping and recording

12. Disposable syringes

13. Mouse cubes for feeding the rat

14. Codeine syrup

15. Tramadol capsules (powder in capsule serially diluted
with distilled water)

16. T-MAZE

2.6. Procedure

Before the commencement of experiments, the rats were
brought into the laboratory and left to acclimatize in the
laboratory for 21 days. During this period, the rats were
allowed free access to food and water without any form of
deprivation under the normal day-night 24-hour cycle. The
rats were then randomly assigned into 4 groups; the tramadol
group, the codeine group, the Combined group and the
Control group with 6 male rats in each group. Each cage was
clearly labelled with the drug category. Rats were also
marked for identification and the rats in each cage according
to their groups were labelled 1 to 6.

The experiment started with the training of the rats on the
exploratory learning process using the T-Maze for 3 days
before exposing them to drug treatment. The rats were
deprived of food for 24 hours to make them sufficiently
hungry because the food was used as the motivation for
learning in this study. During each experimental period, a
male rat was put in the starting point of the T-Maze and
allowed 5 minutes to explore the maze to locate the food
placed in one of the arms of the maze. The time taken by

each rat to locate the food within the 5 minutes’ interval was
recorded for each rat using the stop clock. A rat is scored zero
if it was not able to locate the food in the arm within the 5
minutes allotted time. Each rat was given 3 trials during each
experimental period. Food was restored to the rats at the end
of each experimental period.

On each day of the experiment, all the rats were weighed
and records of the weights against each rat were recorded. This
was to determine what dose of drugs to administer to each rat.
The drugs were then administered to each experimental group
of the rats according to their body weights. The control group
was given normal saline. After the drug administration, the rats
were allowed 30 minutes before the commencement of data
collection to give enough time for the onset of drug action.
They were then run on the T-Maze to measure exploratory
learning behaviour. The process of treatment and data
collection was repeated every day for 28 days.

At the end of the experiment, all the rats were discarded
following the procedures recommended for disposal of animals
used for research purposes by the cruelty to animal act.

Statistical analysis
All results were analyzed using one-way ANOVA. Any P
value less than 0.05 was considered

3. Results

The results of the study on the effect of chronic
administration of tramadol and codeine on the exploratory
learning behaviour of male Albino rats are presented. The
data collected were subjected to Randomized Block Analysis
of Variance (ANOVA), descriptive statistics of mean and
standard deviation as well as a graphical representation.

Table 1. Summary of Factorial ANOVA table showing the influence exposure to Chronic intake of Codeine & Tramadol on exploratory learning behaviour.

Source Type 111 Sum of Squares Df Mean Square F Sig. Partial n’
Block 10486.276 1 10486.276 .802 371 .001
Treatment 748225.726 3 249408.575 19.075 .000 .079
Error 8720923.331 667 13074.848

Corrected Total 9479635.333 671

The result from Table 1, shows that exposure to Codeine
and Tramadol significantly influenced exploratory learning
behaviour among Wister Albino Rats F (3,67) = 19.08, p <
0.001, 1’=.08. The result showed that tramadol and codeine
interacted singly and jointly to affect exploratory learning
behaviour in male Wister Albino rats.

Table 2. Summary Bonferonni mean comparison analysis showing the mean
difference in exploratory learning behavior between rats exposed to chronic
intake of psychoactive drugs (Codeine & Tramadol) and those exposed to
Normal saline.

Mean S.EM 1 2 3 4
CODEINE 176.64  8.822 - 8.51 84.16%  45.54*
COMBINED 168.13 8.822 - 75.65%  37.03*
CONTROL 92.48 8.822 - 38.62*
TRAMADOL 131.10  8.822 -

*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

Further analysis was carried out to determine the mean
differences among the treatment groups using Bonferroni
mean comparison Test and the result is presented in Table 2.

From the analysis, mean differences showed that rats
exposed to the combination of Codeine and Tramadol
(¥ =168.13), Tramadol only (¥ =131.10) and Codeine only
(X =176.64) significantly took more time learning the maze
compared to rats in the control group (¥ =92.48). The mean
differences were significant (p<.001). The result
demonstrated that learning time rate increased by 8% with
exposure to chronic intake of Codeine and Tramadol
compared to the control group. The result demonstrated that
exploratory learning behaviour was poorer for rats exposed to
codeine and tramadol. Male Albino rats exposed to codeine
took more time in learning the maze than male Albino rats
exposed to tramadol and control.



American Journal of Applied Psychology 2020; 9(4): 99-107

300.00

250.00

200.00

150.00

100.00

Learning Time (Seconds)

50.00

.00

- A A A o -

- A -

000
00’k
002z
00€
00y
00's
009
002
008
006
0002
001z
00ce
00€
00'vT
00
009
0042

103

Treatment

=== CODEINE
=== COMBINED
=== CONTROL
===TRAMADOL

00'8T

Figure 1. Interaction graph showing the interaction between time of exposure and treatment on exploratory learning behaviour with the chronic intake of

psychoactive drugs (Codeine and Tramadol) among male Wister Albino rats.

The line graph shows that the longer the period of
exposure to chronic intake of Codeine and Tramadol, the
more it affects learning behaviour in exposed male rats.

4. Discussion

This study examined the chronic single and combined
administration of tramadol and codeine on exploratory
learning behaviour using male Albino rats. Tramadol and
codeine are opioid analgesic drugs that are readily available
and freely used and abused for various purposes in a wide
range of people particularly adolescents and young adults.
Tramadol is an opioid analgesic drug which has a different
mechanism of action [10, 9], and can be used for different
disorders in single or multiple doses [6, 7, 39]. Tramadol can
potentially show behavioural changes because it can easily
cross the blood-brain barrier to reach a high level in the brain
[40]. Codeine, on the other hand, is an opiate drug which is
readily available and used worldwide. It is commonly used
for analgesic, antitussive and antidiarrheal purposes. [12].
Codeine is viewed as a weak opiate although it has the
potential for misuse, abuse and possible dependence.
Morphine is a major metabolite of codeine, therefore, it
extremely mimics the effects of Morphine [41]. Codeine
binds with stereospecific receptors at many sites within the
Central Nervous System (CNS) to alter processes affecting
both the perception of pain and the emotional response to
pain. Researches have shown that the ability of codeine to

provide measurable pain relief requires efficient brain uptake,
which is accomplished by passive diffusion enabling it to
also cross the blood-brain barrier [42, 43].

Studies on humans and animals have indicated that
morphine and other opioids can positively or negatively
control learning and memory processes [44, 45]. The
direction of control may be due to several factors which may
include; experimental conditions used, protocols, species
used, dosage applied, route of administration, and in
particular the duration of the drug administration [46]. There
are some studies on the effect of acute tramadol and other
opioids on memory [34, 36], however, researches are scarce
on the effect of combined chronic administration of tramadol
and Codeine on memory (Exploratory learning behaviour).

Exploratory learning is memory acquired through
exploring environments. This notion of learning is based
upon the idea that learning patterns can be helpfully
transferred to dissimilar situations through meta-reflection.
The approach of exploratory learning process acknowledges
the cognitive process that helps individuals to use their
imagination and creativity to draw out lessons from
interactions, as well as extracting meaning from experience
which can be a complicated process. In this study, we
examined the effect of chronic administration of tramadol
and codeine on the exploratory learning behaviour of male
Albino rats using a T-Maze. It is well known that animals
learn to run for food in a maze at a faster rate if they have
had previous experience in the environment. This
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phenomenon, generally described as latent learning [47], may
offer the possibility to dissociate the effects of drug treatment
on learning ability from its effects on performance. By
treating an animal with a drug during pre-exposure to the
maze, it is possible to study the consequence of the treatment
on the ability of the animals to learn a maze at a later time.

The findings of this study showed that 20 mg/kg single
dose of tramadol administered to the tramadol group
increased the time the male rats used to explore the maze
compared to the control group. The male rats in the control
were faster in exploring the maze and getting to the arm
where the food was located compared to the male rats in the
tramadol group. This is in line with the findings of similar
studies. In a study, [48], discovered that treatment of rats
with tramadol resulted in an inability of the rats to remember
the location of the hidden platform in probe test of Morris
Water Maze (MWM).

The effects of neurotoxicity of tramadol have been proven
and continuous administration of tramadol has been shown to
result in a weight loss of rats’ brain [49]. Findings from some
recent studies using rodent models have shown that tramadol
administration can impair memory functions by activation of
p-opioid receptors [35, 48]. Several studies have also indicated
that chronic administration of tramadol can cause histological
abnormalities such as increasing apoptosis in rat cerebral
cortex which is associated with oxidative stress [50], induce
seizures [51], lead to increased oxidative stress in various
tissues such as the brain [52] and lead to decrease in the
expression of some genes in the hippocampus [53]. The limbic
system which is one of the most important areas of the brain
because of its role in learning and spatial memory is part of the
hippocampus [54, 55, 56] and the hippocampus is very
vulnerable to oxidative stress due to its high metabolic activity
[54, 55]. There is strong evidence from research findings
linking tramadol to the increase in the release and turnover of
dopamine and serotonin after occasional administration but
these neurotransmitters can be depleted through chronic
administration of tramadol [57, 6]). This can explain why
tramadol administration decreased memory of the exposed rats
following chronic administration of tramadol.

The result from this study shows that male rats exposed to
8 mg/kg single dose of codeine were slower in exploring the
maze compared to the control group. The male rats in the
codeine group took more time to explore the maze compared
to the control group. In a related study using a Y-Maze task,
it was reported that acquisition of spatial recognition memory
was impaired after chronic administration of morphine [58].
In another study, it was reported that dependent mice showed
cognitive dysfunctions 14 hours after discontinuation of
morphine treatment by spending more time to explore the
objects in an object recognition task [59].

Studies have shown that abuse of opiate drugs such as
codeine correlates with long-lasting cognitive deficits in
humans [60, 61, 62, 63]. Abusers of opiates like codeine
(morphine), heroin, and methadone show impairments in
episodic memory [62], visual memory, verbal memory,
information processing, problem-solving (60), word fluency

and attention [61], and spatial tactile and verbal memory [63].
According to [63], opiate abuse-related cognitive decline
may be linked to comprised frontal lobe functions while
other studies examining exposure of the drugs on
hippocampus morphology and hippocampus-dependent
learning and memory suggest that the observed cognitive
deficits may be due to altered hippocampal functions. Several
studies have indicated that opiate drugs inhibit adult
neurogenesis in the hippocampus [64] disrupt spatial memory
retention in Morris water maze [65] and Y-maze [66], radial
arm maze and Y-maze [67], which are hippocampus-
dependent tasks [68]. These findings show that both acute
and chronic opiate drugs administration results in deficits in
hippocampus-dependent learning and memory.

The interaction effect of combined administration of
tramadol and codeine as shown in the results presented in
Table 2 shows that male rats exposed to codeine alone were
slower in exploring the maze (X=176.64) compared to
combined codeine and tramadol (X=168.13), compared to
tramadol alone (X=131.10) and control (92.48). Male
Albino rats in the codeine group took more time in
exploring the maze than the combined codeine and
tramadol group. This finding did not agree with the
hypothesis. It was hypothesized that combined
administration of codeine and tramadol will affect
exploratory learning in the male Albino rats more than a
single administration of either codeine or tramadol. The
observed  effects may be  attributed to the
pharmacodynamics of codeine. Codeine is a naturally
occurring phenanthrene alkaloid and opioid agonist with
analgesic, antidiarrheal and antitussive activities. Codeine
mimics the actions of endogenous opioids by binding to the
opioid receptors at many sites within the central nervous
system (CNS). Stimulation of mu-subtype opioid receptors
results in a decrease in the release of nociceptive
neurotransmitters such as substance P, GABA, dopamine,
acetylcholine and noradrenaline; also, the codeine
metabolite morphine induces opening of G-protein-coupled
inwardly rectifying potassium (GIRK) channels and blocks
the opening of N-type voltage-gated calcium channels,
resulting in hyperpolarization and reduced neuronal
excitability [69].

5. Conclusion

In this study, we showed that the chronic administration of
tramadol and codeine in single and combined doses as drugs
used for different purposes and particularly abused can
impair exploratory learning and memory in rats. These
effects can be observed in the single administration of
tramadol and codeine as well as in combined administration
of tramadol and codeine. The observed effects can be
justified according to the properties of tramadol and codeine
as opioids. They show inhibitory effects on a wide range of
different neurotransmitters and receptors like the NMDA and
AMPA in addition to the stimulatory effect on the opioid,
GABA, dopamine or serotonin in the brain.
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