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Abstract

Codeine, an opiate derivate, which induces pleasure and euphoria in users, is contained in many OTC cough syrups as dextromethorphan. In 2011, its abuse has been
reported in Nigeria from consumption of codeine-based cough syrup such as Benylin containing codeine syrup (BCS). Thereafter, the neurobehavioural alteration was
reported with BCS in mice. 45 Swiss male mice (20 g -25 g) were grouped into control, low dose-(10.95 ml/kg BCS) and High dose-(21.90 mi/kg of BCS). BCS was given
orally above the therapeutic dose for 4weeks. Blood samples were collected after 7 and 28days under mild ether anesthesia into plain and heparinized bottles to assess
hematological indices, serum creatinine level, and activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Thereafter, the brain, lung, and
liver were excised and processed for brain protein level and histopathological observation. Data were analyzed using Two-way ANOVA at P < 0.05. At both doses, BCS
reduced hemoglobin concentration (10.56; 21.69%), lymphocyte count (10.54; 29.22%) and brain protein level (4.86+0.81; 4.86 + 0.80 vs 9.20 + 0.61 g/I) while white blood
cell count (20.47; 46.08%), serum creatinine level (5.36; 18.75%), AST (26.31; 32.77%) and ALT (22.90; 36.70%) activities were increased compared to control. Histology
shows marked necrosis and chronic infiltration by inflammatory cells in the brain, liver, and lung. Acute and chronic treatment of mice with Benylin with codeine resulted
in significant alterations in blood and vital body organs such as kidney, liver, lung, and brain in a dose-dependent manner.

Codeine ((5a, 6a)-7, 8-didehydro-4, 5-epoxy-3-
methoxy-17-methylmorphinan-6-ol) is found in most over-
the-counter (OTC) cough syrups as codeine or its analog -

Introduction

Drug use and its abuse is an age-long practice that has

been common to mankind for centuries. Opiods constitute one
of such groups of drugs that have been used for years by men
in the management of acute and chronic pains [1,2]. Opioids
interact with their receptors in the brain and spinal cord to
decrease pain perception and stimulate the intense sensation
of euphoria or well-being. These feelings of euphoria and
sedation in users became increasingly sought after and lead
to the abuse of opioids [3,4]. Codeine is an opiate derivate,
a prodrug of morphine, and a narcotic with higher numbers
of reported drug misuse-related deaths in the USA as of 1991
[5]. Wanner, et al. [1] reported that codeine abuse can result
in addiction and as well increase the risk of relapse in treated
users addicted to other drugs.

Dextromethorphan (3-methoxy 17 —methylmorphian) [6] Its
abuse is facilitated by the internet and access to this syrup
in pharmaceutical outlets without prescription. In Nigeria, it
is abused from consumption of Benylin with codeine cough
syrup which contains codeine phosphate, levomenthol (nasal
decongestant), and diphenhydramine (an antihistamine)
indicated for the relief of persistent, dry, and irritating
cough [7,8]. In contrast to its indicated use and prescription
guidelines, Benylin with codeine is consumed by South-
Western and Northern Nigerian youths (especially between
17-45 years) for recreational purposes due to the addictive
nature of the constituent opiate [7]. Consumption of this syrup
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above the maximum daily dose of 40 ml for adults is abuse.
According to UNDOC, World Drug report in 2018 [9], cough
syrups (containing codeine or its analog) were found to be the
third most abused drug leading to the subsequent ban of syrup
in Nigeria.

The indiscriminate consumption of Benylin-codeine cough
syrup either repeatedly or once was reported in experimental
settings to impair motor and mental activities in mice [8] while
the psychotoxic and reproductive effects of dextromethorphan
(codeine analog in other OTC cough syrups) have also been
reported [10,11]. The motor and cognitive function of the brain
is dependent on the interplay between different brain protein
components. These proteins are brain resident enzymes, nerve
cells, immune cells, membrane receptors, neurotransmitters,
etc. that function together as the components of the underlying
mechanisms. The reported impairments in brain functions
[8,10] could be associated with brain protein derangement.
More so, the liver remains the primary target organ constantly
challenged with the metabolism of food nutrients, drugs, and
xenobiotics, until the kidney was included recently [12]. This
metabolic function is altered in the event of overwhelming
plasma concentrations of the drugs/xenobiotics and/or turn-
over of toxic metabolites [13]. Codeine is hepatically converted
to morphine (codeine active metabolites) and morphine-6-
glucuronide [14]. The later metabolite mediates respiratory
depression and nausea and is also linked with narcosis in
patients when renal clearance fails [15]. Since plasma clearance
of codeine and its metabolites are important to prevent
toxicities, it is therefore unlikely that excessive consumption
of codeine from cough syrups will not overwhelm hepatic and
renal functions. This study, therefore, examined the acute and
chronic effects of repeated consumption of Benylin-containing
codeine syrup on blood parameters, liver, and renal functions,
brain total protein, and lung and brain microscopy in male
mice.

Materials and methods
Animals and experimental design

Forty-five Swiss male mice (20 g- 25 g) were obtained,
acclimatized to laboratory conditions, and grouped into three
(3) of 15 animals each: 1(control) received 10ml/kg distilled
water while 2 (low dose) and 3 (High dose) received an oral dose
of 10.95 ml/kg/day and 21.90 ml/kg/day of Benylin with codeine
[8] respectively for four weeks. All animals were maintained on
standard chow and water ad libitum. All experiments followed
the guidelines of the Animal Care and Use Research Ethics
Committee (ACUREC), University of Ibadan, Nigeria, and
that of the Guide for the Care and Use of Laboratory Animals
(NRC,1996), published by National Academy Press, 2101
Constitution Ave. NW, Washington, DC 20055, USA. Doses used
were extrapolated based on the maximum therapeutic dose of
40 ml/day for adults, LD50 for codeine in rats (427 mg/kg), and
also followed that of Tijani, et al. [8].

Biochemical assay

A blood sample (3mls) was collected through retro-orbital
puncture under mild ether anesthesia into plain and heparinized

bottles after 7 and 28 days of treatment. Plain blood samples
were centrifuged after 1hour at 3500rpm for 10 minutes to obtain
serum while heparinized blood was immediately subjected
to hematological study using a hematology auto-analyzer
(Haematology auto analyzer Sysmex KX-21N). Hematological
parameters analyzed were packed cell volume (PCV), red blood
cell (RBC) count, hemoglobin concentration, platelet, white
blood cell (WBC), neutrophils, and lymphocyte count. Neutron-
lymphocyte ratio (NLR) and Platelet-Lymphocyte ratio were
calculated from neutrophils, lymphocyte, and platelet values.
Serum creatinine, alanine aminotransferase (ALT) activity,
and aspartate transaminase (AST) activity were assessed using
assay kits (Randox assay Kits).

Organ collection and processing

After blood collection, animals were sacrificed and the
skulls were carefully opened up to excise the brain, rinsed in
ice-cold potassium chloride (pH 7.4), blotted out, weighed, and
homogenized in 5X ice-cold phosphate buffer saline (0.1M, pH
7.4). The tissue homogenate was centrifuged at 13000 rpm (4
°C) for 10 minutes to obtain supernatant that was used for total
protein determination.

Liver, lung and brain microscopy

Liver, lung, and brain tissues were fixed in 10% formalin for
24 hours, dehydrated using 70 -100 % ethanol, and embedded
using paraffin. Thereafter, the tissues were sectioned,
mounted on slides, cleared of paraffin wax, rehydrated using a
decreasing concentration of ethanol (100 — 70 %), and stained
using Hematoxylin & Eosin.

Statistical analysis

Data were expressed as Mean + SEM, analyzed using one-
Way ANOVA and Newman Keuls’ Posthoc test for statistical
significance at p<o.05. Data were analyzed using GraphPad
Prism, version 5.0 (GraphPad Software Inc., USA).

Results

Repeated administration of a high dose of Benylin with
codeine significantly (P < 0.05) increased WBC count (6150 =
204.90 Vs 4210 + 151.20 x 10mm-3), but significantly reduced
hemoglobin concentration (13.72 + 1.03 vs 17.52 + 0.61 g/dL)
and lymphocyte count (47.00 £ 4.44 Vs 66.40 + 1.03%) after
28 days compared to normal untreated. Red blood cells (RBC),
neutrophils, and platelet were also increased at both doses.
However, these increases were not significant (Table 1). There
was a significant increase in NLR value on days 7 and 28 at both
doses while low-dose treatment did not show a significant
increase in PLR value on day 28 only (Table 1).

After 28 days of treatment, serum activities of AST (105.60
+ 6.83; 111.00 + 8.86 vs 83.60 + 2.69 U/1) and ALT (73.00 * 2.24;
81.20 *+ 1.46 Vs 59.40 * 4.53 U/1) were significantly (P < 0.05)
increased at both doses compared to normal untreated (Figures
1,2). However, no significant change was observed in the value
of serum creatinine level in all treated groups compared to the
normal group (Figure 2). After 7 days, a significant increase in
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Table 1: Hematological profile in normal and codeine-treated animals.

DAY 7 DAY 7 DAY 28 DAY 28
Low dose High dose Low dose High dose

PCV (%) 48.00 + 0.41 49.80 +3.17
Haemoglobin (g/dL) 17.52 £ 0.61 16.40+1.29
RBC (x10°mm) 7.56+0.13 7.91+0.29

WBC (x10°mm?3) 4210 £151.20 4320 + 479.57

Platelet 73200 + 6583.18 96000 + 10358.80
Lymphocyte 66.40 + 1.03 58.60 + 2.73
Neutrophils 32.20+£2.13 37.00 £2.95

Monocyte 2.00 £ 0.45 2.00+0.45
NLR 0.47 £0.08 0.62 £ 0.01*
PLR 1105.17 +200.18 1638.01 + 3.92"

Data expressed as Mean + SEM; n = 5; P < 0.05
“P < 0.07 and *P < 0.05 indicate significant difference from normal
P < 0.05 indicates significance difference from low dose (day 28)

the hepatic enzymes, AST (112.80 + 7.74 vs 83.60 + 2.69 U/l and
ALT (78.60 + 4.01 vs 59.40 + 4.53 U/l) were observed in high
dose only. Compared to the low dose on day 7, AST and ALT
activities increased significantly (Figures 1 and 2).

Creatinine level was not affected significantly, however,
on day 28, both doses caused a 5.36 and 18.75 % increase
respectively in creatinine level compared to control (Figure 3).
These increases were not statistically significant.

There was a significant (P < 0.05) decrease in brain total
protein in both groups treated with Benylin with codeine
compared to normal untreated groups (Figure 4). Compared to
Group 1, the decrease recorded in the brain total protein for
both doses of Benylin was 30.87 and 57.83% respectively after
7 days. But after 28 days, both doses caused a 47.17% decrease.

Brain histology shows necrosis of the cerebral cortex,
fibrotic stroma with mild infiltrations by inflammatory cells,
and shrunk and hyalinized Purkinje cells (Plates 1-5). Lung
and liver microscopy showed marked necrosis and chronic
infiltration by inflammatory cells (Plates 6-9).

Discussion

Drug/xenobiotic metabolism is reported to be hepatic
and renal [12], and as such highly susceptible to the insults
of these chemical insults [13]. Both organs use resident
Nacetyltransferases, sulfotransferases, glutathione
transferases, and CYP450 enzymes to metabolize drugs [12]. The
liver converts a quarter of all prescribed drugs while the kidney
also contributes to glucuronidation of chemical substances
such as morphine, paracetamol, etc [12]. Codeine was primarily
designed for the relief of pain and to enhance socio-economic
life. It is a potent central analgesic, antinociceptive, antitussive,
and antiperistaltic agent in the treatment of pain and cough
(Bhandari, et al., 2011). Codeine is converted to its metabolites
by hepatic CYP2D6 enzyme to provide its analgesic effects. An
increased presence of codeine metabolites either from rapid
and complete metabolism parent compounds can result in
morphine overdose (Crews, et al. 2021). Hence, challenging the

48.60 +2.84 46.00 +2.09 47.00+1.76
16.62 £1.11 15.66 + 0.80 13.72+£1.03
7.67 £0.32 7.87 £0.41 7.99+£0.26
4950 +774.94 5750 + 326.58" 6150+ 204.90™
75200 +15399.80 59600 +9217.00 89600 + 7633.00
66.00 +2.88 59.40 £5.76 47.00 + 4.44™
31.60 +3.08 37.40£5.96 41.00+6.34
1.80+1.19 2.00+0.32 2.20+0.37
0.46 +0.01 0.60+0.01 0.83+0.02%

1139.16 +3.33" 1003.76 + 2.06 1908.85 + 25.84"
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Figure 1: Serum AST activity in normal and codeine-treated mice after 7 and 28
days.

Data expressed as Mean + SEM; n = 5; P < 0.05

“P < 0.07 and "P< 0.05 indicate significant difference from normal

*P < 0.05 indicates significance difference from low dose (day 7).
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Figure 2: Serum AST activity in normal and codeine-treated mice after 7 and 28
days.

Data expressed as Mean + SEM; n = 5; P < 0.05
P < 0.01 indicates significant difference from normal
P < 0.05 indicates significance difference from low dose (day 7).
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liver constantly with Benylin-codeine syrup from overdose or
abuse can also result in morphine overdose/toxicity and may
overburden renal clearance.

The liver and kidneys are involved in blood formation,
immunity, and constant supply of other body organs with
glucose for proper function [16,17]. Toxicity in these organs
could reflect organ failure, derangement in blood, immune
failure, renal insufficiency, and other complications. This study
showed increased RBC count (polycythemia) accompanied
by reduced hemoglobin concentration, increased WBC,
and platelet count. This may be due to observed codeine-
induced liver damage (Plate 6) and injury to alveolar sacs and
bronchioles in the lung (Plate 7) which might have resulted in
alterations in iron storage, respiratory depression, and hypoxia.
Hypoxic condition stimulates erythropoietin production from
the kidneys to increase RBC production while decreased iron
availability alters hemoglobin synthesis and consequently
reduced hemoglobin level [4,18].

Anincrease in WBC and a decrease in lymphocyte count with
Benylin-containing codeine treatment suggest susceptibility to
infection and suppression of cellular immunity [19]. Peterson,

EA Normal
Low dose
E= High dose

0.8

Serum Creatinine level (mg/dL)

Figure 3: Serum creatinine level in normal and codeine-treated mice after 7 and 28
days.
Data expressed as Mean + SEM; n = 5; P < 0.05
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Figure 4: Brain total protein level in normal and codeine-treated mice after 7 and
28 days.

Data expressed as Mean + SEM; n = 5; P < 0.05
P < 0.001, *P < 0.07 and *P < 0.05 indicate significant difference from normal.
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Plate 1: Showing H & E stained brain tissue of control animals with no significant
leison, normal hippocampus (white arrow) and choroid plexus (black arrow) (1a -

Mg x 100; 1b - Mg X 400).

Plate 2: H & E stained sections of brain tissue of animals treated with low dose for 7
days showing moderately fibrotic stroma with mild infiltration of inflammatory cells
(big arrow) and normal neural cells on mild fibrotic stroma (slender arrow) (2a - Mg
x 100; 2b — Mg X 400).

Plate 3: H & E stained sections of brain tissue of animals treated with high dose for
7 days showing frontal lobe with no clear cut cortical layer (spanned arrow), mildly

fibrotic stroma (red arrow), some hyalinized and shrunk purkinje cells (black arrow)
at the edges of hyperplastic granular layer (3a - Mg x 40; 3b - Mg x 100; 3c — Mg
x 400).

et al. [20] and Weber, et al. [21] reported that acute and chronic
opioid administration suppressed antibody and cellular immune
responses, natural killer cell activity, cytokine expression,
and phagocytotic activity. Opioids were also implicated in the
increased incidence of infections in heroin addicts and as a co-
factor in the pathogenesis of the human Immuno-deficiency
virus [22,23]. The result from this study agrees with the earlier
report of Weber, et al. [21] who reported suppressed cellular
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immunity and somatic alterations in the human heroin animal
model. Depressed regulatory functions of lymphocytes as a
result of the reduced count will adversely affect the immune
defense thereby increasing the risk of coming down with an
infection [19].

WBC count and other indicators of inflammation generally
increased in inflammatory disorders with platelet taking a
central position in the progression. Platelets are also a non-
specific first-line marker of inflammation; modulating the
recruitment of neutrophils and macrophages by releasing
chemokines and cytokines to sustain inflammatory response
[24]. As recorded in this study, the elevated platelet count is
indicative of a systemic inflammatory response [25]. Platelet-

Plate 4: H & E stained sections of brain tissue of animals treated with low dose for
28 days showing normal neurons and oligondendroglia cells (red arrow), granular
layer of cerebellum with hyperplasia and mixture of hyalinized bizzare shaped
purkinje cells (spanned arrow) and few normal cells (big black arrow) (4a - Mg x
100. 4b - Mg X 400).

Plate 5: H & E stained sections of brain tissue of animals treated with high dose
for 28 days showing focal area of mild haemorrhage at the cortex (big black arrow)
and the cerebellum shows granular layer of hyperplasia (spanned arrow) and
hyalinization of purkinje cells (slender arrow) (5a - Mg x 100. 5b — Mg X 400).

Plate 6: Showing H & E stained hepatic tissue control showing normal architecture

(Mg: x 400).

Plate 7: Showing H & E stained hepatic tissue after 28 days of high dose treatment
showing marked necrosis of hepatocytes (white arrow), chronic inflammation of
periportal hepatic tissue (black arrow), moderate steatosis (slender arrow) and
architectural anarchy (8a and 8b - Mg: x 400).

Plate 9: Showing H & E stained lung tissue after 28 days of high dose treatment
showing severe infiltration of the alveolar sacs and bronchioles with inflammatory

cells (black arrow). (9a -Mg: x 100; 9b — Mg X 400).

mediated inflammation has been reported to contribute to
cancer progression with platelet-derived growth factors
contributing to oncogenic transformation and tumorigenesis
[26]. The risk models for predicting survival and/or
progression of disorders include NLR and PLR values based on
the role of WBCs and platelets in the initiation, progression,
and complications of cardiovascular-related diseases [27]
were reported to increase in this study. Higher NLR and PLR
detect inflammatory activation underlying some disorders
such as cardiovascular disorders, cancers, etc. [19,28], thereby
indicating a possible predisposition to cardiovascular disorder
(CVD) and other related complications. NLR and PLR values
can also reflect balance in immune functions and predict
immune and inflammatory diseases (Gao et al. 2019), and
inflammation-related tumor growth (An et al. 2019). It is
therefore very much unlikely that Benylin-codeine abuse will
not result in cardiovascular disorders and others in later life.
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According to Lee [13], continuous exposure of hepatocytes
to toxic chemical substances for metabolism increases the risk
of organ failure. Single and repeated consumption of codeine
has been reported to induce motor and cognitive impairment
[8], impair reproductive functions [11], and the possibility
of altering hepatic and renal functions. Drugs account for
a higher percentage of liver injury [29]. In conjunction
with other diagnostic tools like complete blood count, and
electrolyte level, an increase in the serum activities of enzymes
AST and ALT is used as an indirect biochemical indicator of
symptomatic or asymptomatic hepatic tissue damage in toxic
exposure and drug-induced toxicity [13,30]. In this study, there
was a significant increase in the activities of AST and ALT in
both groups treated with Benylin with codeine syrup (Figures
1 and 2). Necrosis of hepatocytes and moderate steatosis were
also observed in the liver histology of these groups (Plate 6)
indicating distortion of cytoarchitecture by the treatment.
According to Lee [13], Real, et al. [29], and Ahmad, et al.
[30], hepatoxicity induced by some drugs can occur from the
conversion of drugs into reactive toxic metabolites and/or
induction of immuno-allergic reactions. Codeine is a prodrug
that is hepatically converted to morphine by CYPD26, a toxic
metabolite [4]. It was noted that hepatic toxicity can result
from an increased concentration of codeine metabolites
due to the overdose-induced metabolism of more codeine
(Crews, et al. 2021). Metabolites from hepatic metabolism are
transported to the kidney for clearance. A suspected increase
in plasma creatinine level, a marker of renal function [15]
following treatment with Benylin-codeine syrup suggests the
presence of renal impairment which may have resulted from
overwhelming concentrations of toxic codeine metabolites. An
increase in activities of AST, ALT, and liver injury may have
occurred due to the conversion of more codeine reaching the
liver to its reactive toxic metabolites and/or higher plasma
concentration of codeine, morphine, and morphine-6-
glucuronide due to impaired clearance. Abuse of codeine from
repeated consumption of Benylin-codeine syrup has been
shown in this study to induce hepatic injury and dysfunction,
and impaired renal clearance that may have contributed to the
alterations recorded in the blood.

The brain is made up of different areas that are connected by
different nerve projections. Cortical areas (midbrain and frontal
cortex), basal ganglia, and lateral portions of the cerebellum
are the critical regions of the brain with dopaminergic
connections working in circuitry to control behavior such
as pleasure and addiction, and as well plan and coordinate
movement [31]. Most drugs of abuse have been reported to
target these brain areas controlling movement, emotions,
motivations, and feelings of pleasure [10,13,21]. Studies have
shown that opioids such as morphine can cause the nerve cells
to release abnormally large amounts of neurotransmitters
or prevent the normal recycling of these neurotransmitters
thereby affecting both the structure and function of reward and
affecting processing areas of the brain [32]. Brain enzymes,
neurotransmitters, nerve cell make-ups, transmembrane
receptors, and other macro-molecules are majorly composed of
proteins and this study showed a significant decrease in brain
total protein level in codeine-treated rats when compared to

normal control. Reports from the studies of Tijani, et al [13]
and Yunsung, et al. [10] revealed that disruption in underlying
mechanisms involved in motor control and memory. And
since these pathways are made of proteins (enzymes, nerve
cells, and neurotransmitters), impairments reported in earlier
studies could be linked to the decrease observed in brain total
protein in this study (Figure 4). The significant decrease in the
brain’s total protein level (Figure 4) could be due to nerve cell
degeneration, membrane receptor derangement, and alteration
in the recycling of neurotransmitters which are majorly made
up of proteins. Hence, abuse of Benylin-codeine syrup would
not only elicit behavioral and pscychotoxic effects but would
also cause significant derangement of a brain protein that
contributes largely to the functions of enzymes, nerve cells,
and neurotransmitters.

In addition, histological observation of the brain showed
fibrotic stroma with mild infiltrations by inflammatory cells
(Plate 2-5), spanned cortical layer (Plates 3,4), necrosis of
the cortical focal area (Plate 4), hyperplasia of the granular
layer of the cerebellum, shrunk and hyalinized Purkinje cells
(Plates 3-5). According to Stein and Thompson [33] and Snell
[34], damage to the cortical areas can alter coordination and
cognition function while injury to the cerebellum can delay
initiation and decomposition of movements and as well
cause gait and posture disturbance. Prolonged use of opioids
such as morphine and heroin has been reported to cause
hypersensitivity of dopaminergic receptors in basal ganglia and
an imbalance in motor control [35]. Hyperplasia of the granular
layer which was observed in the brain cells of mice treated
with codeine has also been reported to lead to disruption of the
smooth flow of neural information and further propagation of
mossy fibers. Alterations in micro-anatomy of the brain areas
of mice treated with benylin-containing codeine suggest the
possibility of brain injury and neurodegeneration in humans
consuming this syrup indiscriminately.

There are evidences that opioids such as codeine can be
effective in the management of a variety of chronic pain and
other medical conditions but this study showed that chronic
or indiscriminate use (abuse) of Benylin-containing codeine
syrup could induce hematological alteration, renal impairment,
hepatocellular, lung and brain injuries with increased risk
of cardiovascular disorders and other related complications.
These effects are dose-dependent.
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