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ABSTRACT
Cough syrups are available in Nigeria as over-thecounter medications which usually contain codeine,
with a high potential for abuse. This abuse usually
leads to addiction which is now becoming common
amongst females. This study investigated the eﬀect of
codeine containing cough syrup (Benylin with
codeine) on long-term memory and motor endurance
in female Wistar rats. The rats were grouped into four
groups of ﬁve rats each. Group A(control) were given
10ml/kg normal saline while groups B, C and D were
administered 10.95 mg/kg, 21.90 mg/kg and 43.80
mg/kg dose of Benylin® with codeine respectively
once daily for 2 weeks. Long-term memory and motor
endurance were evaluated using the fore paw-grip
time test and elevated plus maze respectively. The
results showed no signiﬁcant diﬀerence (p > 0.05)
between the test groups and control for fore paw grip
test and elevated plus maze. Based on the ﬁndings of
this study, it may be suggested that administration of
cough syrup with codeine for two weeks did not
signiﬁcantly impair long term memory and motor
endurance. Increasing the dose and administration
for a longer duration may reveal signiﬁcant results.

lead to physical and psychological dependence.
Benylin® with codeine is an example of codeine
containing cough syrups (Qiu et al., 2015), it
contains a number of constituents including
diphenhydramine and codeine phosphate.
Diphenhydramine and codeine phosphate act
together to produce the desired therapeutic eﬀect
(Ersek et al., 2003). They are commonly used in
preparing cough suppressants, also called
antitussives. Antitussives stops the coughing
action (Elwood, 1999) by directly inhibiting the
medullary cough center of the brain (Burns and
Boyer, 2013). Codeine is a derivative of
morphine, which is a naturally occurring alkaloid
that is gotten from opium and other saps such as
Papaver somniferum. Diphenhydramine on the
other hand is an antihistamine and sedative agent
that is used in the treatment of allergies, cough
and nausea, it is an isomer of phenyltoloxamine
(Vaikosen et al., 2011). People, who take opioids
usually experience a sense of mental dullness
(Ersek et al., 2004). They may also assert that
they are forgetful, involved in more accidents,
have diﬃculties attending to an activity or task,
make mistakes, react slowly, and have
diﬃculties with problem solving, concentration,
and thinking (Ersek et al., 2004).
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INTRODUCTION
Drugs have been abused by mankind for a very
long time and have increased in the past two
decades (Qiu et al., 2015). Codeine-containing
cough syrup is one example of drugs that have
been abused for their sedative eﬀects which can
subsequently lead to addiction. It has also been
reported to be among the top four most abused
drugs in Washington (Tijani et al., 2012).
Continuous use of codeine has been reported to
© JOSEH June, 2019

Cognitive function in people taking opioids have
been studied and found to cause impairment and
poor performances on neural tests. Changes such
as hysteria have also been found to occur in
patients receiving opioids for pain. Codeine also
appears to have a mild and decreased eﬀect on
eye-hand coordination and visual acuity (Walker
and Zacny, 1998). Codeine also sustains
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addiction and increases the risk of relapse in
people aﬄicted with addiction. The side eﬀect
and the symptoms appear only after prolonged,
chronic use and abuse of the substance and many
of these eﬀects are irreversible.

Experimental design
The rats were weighed and then randomly
assigned into 4 groups of 5 rats each. Rats in
group A served as control and were given 10
ml/kg of normal saline, groups B, C and D and
were administered Benylin® with codeine orally
at a dose of 10.95 mg/kg, 21.90 mg/kg and 43.80
mg/kg respectively for a duration of two weeks.
After two weeks, the eﬀect of the drug
administration was evaluated using the forepaw
grip test to assess for motor endurance and
elevated plus maze to assess for spatial long-term
memory.
Forepaw grip time test
This forepaw grip test is used as a measure of
motor endurance according to the method of
Hutter-Saunders et al. (2012). The forepaw grip
apparatus consists of two vertical stands with a
horizontal pole connecting them. One hour after
the last administration, each rat was allowed to
grasp the middle pole with its forelimbs and was
then gently lowered. The timer was started as
soon as the animal was released and the time
taken for the animal to release its grasp and fall
down to the base was recorded (Van Putten,
2011). The latency to fall was recorded as the
index of motor endurance. This test was carried
out three times for each animal with a 30 seconds
inter-trial period between each test.

Codeine containing cough syrups are used
widely for the treatment of cough, but the abuse
of these drugs is becoming extensive. They are
mostly abused for their sedative and euphoric
properties and more recently; this abuse has been
observed in females. Diﬀerences in the rate of
substance abuse between men and women have
been consistently observed in the general
population, with males exhibiting signiﬁcantly
higher rates of substance abuse and dependence,
but a recent epidemiologic survey suggests that
this gap between men and women has narrowed
signiﬁcantly. A survey also found that women
engage in the non-medical use of prescription of
opioids more often than men (Greenﬁeld et al.,
2010). The aim of this work was to study the
neurobehavioural eﬀect of codeine containing
cough syrup (Benylin® with codeine) on motor
endurance and long-term memory using forepaw
grip endurance test and the elevated-plus maze
test respective in female Wistar rats.
Materials and Methods
Drug
Codeine containing cough syrup (Benylin® with
codeine) was purchased from a reputable
Pharmacy, Zaria, Nigeria. The constituents of the
Benylin® with codeine were diphenhydramine
HCl (13.5 mg), codeine phosphate (10.95 mg),
ammonium chloride (132.0 mg), sodium citrate
(54.4 mg) and menthol (1.1 mg).

Elevated plus maze test (EPM)
Long-term memory was determined using the
EPM according to the method of Itoh et al., 1990,
which measures spatial memory (Itoh et al.,
1990). The maze was composed of wood; it
comprised of two open arms (29 x 5cm) and two
enclosed (29 x 5 15cm). The maze was supported
15 cm high above the ﬂoor.

Experimental animals
Twenty female Wistar rats weighing an average
of 132 g were used for the study. The animals
were obtained from the National Veterinary
Research Institute (NVRI) Vom, Plateau State,
Nigeria. The animals were housed in cages (5 rats
per cage) and kept at room temperature and
relative humidity. The rats had access to feed and
water ad libitum. The rats were also allowed to
acclimatize to the laboratory environment before
the commencement of the experiment.
Experiments were carried out between 8:00 am
to 12:00 pm.

This procedure exploits preference of a
comparatively safe and comfortable
environment (the closed arms) to a risky
environment (elevated open spaces). The general
principle is that the more “impaired” the subjects
are due to eﬀect, the less likely they will have
retention of memory. The test involves two
phases: an acquisition and a test (retention)
phase. In the acquisition phase, each rat was
placed at the distal end of open arm facing away
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from central platform. The transfer latency of the
rat to move from the open to the enclosed arms
was recorded within 90s. Following entry into
the arm, the rats were allowed to explore the
apparatus for 30s. Twenty-four hours later, the
second phase (retention test) was performed and
the rats were observed the time taken for the rat to
enter was recorded with maximum time of 90s.
After each trial, the maze was wiped with a cotton
wool dipped in 70% ethyl alcohol and allowed to

dry to remove any olfactory cue or odour. The
experiments were conducted in a dimly lit, semisound proof room.
Data analysis
Data was expressed as the mean ± standard error
of mean (SEM). The analysis was performed
using Graph Pad Prism (Version 6.0). Statistical
analysis was carried out using Analysis of
Variance (ANOVA). Values of p

Figure 1: Eﬀect of codeine containing cough syrup on motor endurance in female rats.

Figure 2: Acquisition latency of female rats administered with codeine containing cough syrup.

Figure 3: Retention latency of female rats administered with codeine containing cough syrup.
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result generally indicates that memory was improved
at the highest dose and decreased at the middle dose.
Although the reason for this is not fully clear, but a
can have diﬀerent eﬀects depending on the
concentration at which it was administered.
Essentially, codeine containing cough syrup at the
doses and duration administered in this study did not
signiﬁcantly impair motor endurance, and memory.
This corroborate previous report that oral codeine and
morphine have only modest eﬀects on mood, produce
few side eﬀects, and does not impair psychomotor
function and performance (Walker and Zacny, 1998).
Amato et al. (2013) also who reported that
codeine/paracetamol did not signiﬁcantly impair
subjective alertness and psychomotor performance. A
study conducted to compare brain images of codeine
cough syrup addicts and healthy individuals showed
changes in the bilateral corpus striatum and decreased
weight and volume of the whole brain of the codeine
cough syrup addicts. Other long-term eﬀects of
codeine use include perforated gastric ulcers,
g a s t r o i n t e s t i n a l b l e e d i n g , h e p a t o t o x i c i t y,
hypokalemia, renal failure and anemia (Frei et al.,
2010; Van Hout et al., 2014).

DISCUSSION
The abuse of over-the-counter cough drugs is a
continuing problem throughout the world despite
media attention and documented dangers.
Antitussives exert their clinical eﬀect via relative
central inhibition of the medullary cough center of the
brain (Qiu et al., 2015). Codeine is an opioid agent
with cough suppressant activity which occurs via
agonism of the opioid receptors (Burns and Boyer,
2013). Codeine is readily absorbed in the
gastrointestinal tract and distributed to the liver,
spleen and kidney. It crosses the blood brain barrier
and is secreted in breast milk (Mulugeta, 2014)
Reduced physical activity observed in animals in this
study may be attributed to the administration of
codeine containing cough syrup. Tijani et al. (2012)
demonstrated that repeated administration of codeine
containing cough syrup in mice causes a signiﬁcant
decrease in locomotive activity as observed in this
study. The reduced physical activity observed in this
study could have been from diphenhydramine, a ﬁrst
generation anti histamine, a potent H1 receptor
antagonist and one of the main constituents of cough
syrup that causes sedation by readily crossing the
blood brain barriers owing to its high lipophilic
nature (Kay, 2000). Codeine phosphate, which is also
a constituent of the cough syrup acts mostly on mopioid receptors in the brain and inhibit cholinergic
function, which can lead to a decrease in physical
activity (Brunton et al., 2010). Thus, the
administration of diphenylhydramine and codeine
singly have been documented to cause reduction in
cognitive and psychomotor performance in addition
to sedation (Preston et al., 1992; Kay, 2000).

Tijani et al. (2012) in a study demonstrated that
administration of cough syrup impaired locomotion
and short-term memory. They found that single oral
administration resulted in dose-dependent increases
in total locomotive activity and rearing in open ﬁeld.
It is pertinent to state here that there are certain
important points worthy of note, which include; the
concentration of codeine in the codeine containing
cough syrup which may require a longer time to act,
the other constituents of cough syrup whether it is
diphenhydramine, dextromethorphan or
phenylephrine may inﬂuence the action of codeine,
either by potentiating or inhibition its action.

The result also indicated that repeated administration
of codeine containing cough syrup reduced motor
endurance using the fore paw grip test. Although, this
eﬀect was not statistically signiﬁcant, the results
clearly indicated a reduced motor endurance
especially in the group that received 21.90 mg/kg
when compared to the control group. The duration of
administration of the drug in this study (two weeks)
may account for the lack of signiﬁcance recorded in
this study. Furthermore, Van Hout et al. (2014) also
reported that symptoms appeared only after
prolonged chronic use and abuse of the substance,
which can sometimes be irreversible.
Cognitive assessment using elevated plus maze did
not reveal a statistical signiﬁcant eﬀect but it showed
that the dose of 21.90mg/kg reduced the latency of the
rats to ﬁnd the closed arm. It was also observed that at
the dose of 43.80 mg/kg, the latency decreased. The

Considering that the constituent of the codeine
containing syrup used in this study was
diphenhydramine, Agostini et al. (2001) reported that
administration of diphenhydramine was associated
with a decline in cognitive functions. Although, this
was reported in hospitalized elderly patients and
diphenhydramine was administered alone.
Diphenhydramine has also been reported to show
signiﬁcant reduction in cognitive functions (Gupta et
al., 2004), and psychomotor performances, but it
increases sedation (Preston et al., 1992).
Altogether, codeine may not aﬀect memory because it
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acts on opioid receptors unlike other dissociative
drugs (ketamine, dextromethorphan) which act
via disrupting the actions of the glutamate at Nmethyl-D-aspartate (NMDA) receptors on nerve
cells throughout the brain whose eﬀects typically
depends on the amount of drug taken. The results
in this study suggest that the eﬀects of the
codeine containing syrup may be progressive as
such these eﬀects may not be immediately
observed in rats administered the drug for a
duration of two weeks. This may be as result of
the doses that were administered, the type and
species of rats (could be poor metabolizers of
codeine) and duration of the study.
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CONCLUSION
The results obtained in this study showed that
codeine containing cough syrup did not
signiﬁcantly impair motor endurance and
memory. It is clear that codeine containing cough
syrup has eﬀects on motor endurance, but its
eﬀect on memory was not clear. Thus, further
studies using various types of learning and
memory test model, to determine the eﬀect of
codeine containing cough syrup, on learning and
memory is imperative. Increasing the dose, and
frequency of administration and administration
for a longer duration may reveal relevant results
in addition to its withdrawal eﬀects.
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