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administration on some biochemical parameters of the liver in albino rats. Codeine at 80
mg/kg/day, 160 mg/kg/day, 240 mg/kg/day, 320 mg/kg/day cough syrup were administered
orally to albino rats for 21 days, biochemical parameters were analyzed for the activities of
Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline phosphatase

Codeine (ALP), Bilirubin, Total protein and Albumin. Results obtained revealed that a high dosage of

Hepatotoxicity

Bilirubin

Aspartate aminotransferase
Alkaline phosphatase

codeine administration significantly increased plasma levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP), bilirubin and albumin while it
reduced total protein level when compared with the control rats. The study confirmed the risk of

increased hepatotoxicity due to a high dosage of codeine administration. Although codeine is
reported to be effective in pain management, its toxicity should be kept in mind.

INTRODUCTION

Codeine is an opioid that functions as an ingredient in multiple
medications. It helps alleviate mild to moderate pain and
suppress coughing. The drug is often used to suppress a cough
either alone or by combining it with other drugs [1]. The major
pharmacological effects of codeine such as analgesia,
drowsiness, mood changes, respiratory depression, nausea, and
decreased gastrointestinal motility are produced on the central
nervous system (CNS) and gastrointestinal tract [2]. The
metabolism of codeine occurs mostly in the liver, and to a lesser
extent in the intestine and central nervous system [3].

Although codeine metabolism resulted in several metabolites, it
is morphine, a product of codeine O-demethylation by enzyme
cytochrome P 450 2D6 (CYP 2D6), that is responsible for its
analgesic effect [4, 5]. Codeine dosage is highly regulated; its
overdose could cause depressive effects on the central nervous
system or death from respiration arrest. The adult minimum
lethal oral dose for codeine is estimated to be 0.5-1.0 g, i.e 17—
34 pills containing 30 mg codeine [6]. The serum codeine
concentrations exceeding 0.3 mg/l have been reported to cause

toxicity, while concentrations above 1.6 mg/l are considered to
be lethal [2].

Codeine is structurally similar to morphine. In fact, when
someone uses codeine, their liver metabolizes the drug as
morphine. People respond differently to codeine partially
because each person’s liver metabolizes morphine differently.
The involvement of the liver in breaking down Codeine once it
enters the body’s systems is the reason why Codeine abuse
sometimes inflicts liver damage. When someone’s liver
metabolizes codeine quickly, they are at greater risk of an
overdose. In recent years, codeine has contributed to the high
rates of addiction and overdose which have characterized the
Opioid epidemic [7].

The abuse and misuse of prescription opioids such as
codeine have reached an alarming rate in the last ten years. In the
United States, it was reported that about 1.2 million visit the
emergency department (ED) as a result of non-medical use of
prescription medications in 2011 alone [7]. The production and
importation of cough syrup that include codeine as an ingredient
was banned by the Nigerian Government in 2018 due to concerns
regarding its use by youths to get intoxicated [8].
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Many addicts of codeine in many countries are into the habit of
using the drug every day without doctor prescriptions which is of
great concern. Therefore, this study determined the effect of a
high dosage of codeine-containing cough syrup on biochemical
parameters of the liver in albino rats given orally for 21 days.

MATERIALS AND METHODS

Reagents and chemicals

Codeine was obtained from Sigma—Aldrich Chemical Co.
Ltd.(England), The analytical grade reagent obtained from
Randox Laboratories Ltd, Antrim United Kingdom and
Biosystems Reagents and Laboratories, Costa Bravo Barcelona,
Spain were used for the analysis. The kits used include ALT,
AST, ALP and bilirubin kits. Sodium potassium tartrate,
Potassium iodide, Succinic acid, and Bromocresol green.

Animals

Twenty-five (25) albino rats of both sexes body weight ranges
from (84 to 232g) were obtained from National Veterinary
Research Institute Vom, Jos, the animals were kept in cages in
the animal house of Biological sciences Department, Gombe
State University, they were allowed fourteen (14) days to
acclimatize before the commencement of drug administration.
The animals were maintained with a normal diet such as
(grower’s marsh, vital feeds and distilled water) throughout the
acclimatization and administration period. The animal
experimental procedures were conducted in accordance with the
National Institutes of Health guide for the care and use of
laboratory animals (NIH Publications No. 8023) revised in 2002
and approved by the institutional research committee.

Experimental design

The animals were divided into five (5) groups according to their
weight with four (4) rats in each group, a group L, I, III, and IV,
were the study groups and group V served as a control group.
Rats in-group I and II were administered orally with 80 mg/kg
and 160 mg/kg of codeine cough syrup (Tutolin with codeine-
containing cough syrup) respectively. The animals in groups IV
and V were administered orally with 240 mg/kg and 320 mg/kg
of codeine-containing cough syrup ((Tutolin with codeine-
containing cough syrup) respectively. The animal’s in-group V
(Control) was administered with distilled water. The
administration of the cough syrup was done once every (24) hour
for the period of three weeks as shown in table 1.

Table 1. Experimental design.

Group Number of Average Weight  Dose The volume of

Animals of Rats (g) (mg/kg) Cough Syrup (ml)
1 4 150.40 80 0.6
2 4 164.00 160 1.6
3 4 190.40 240 29
4 4 233.80 320 4.6

Collection and preparation of blood samples

At the end of the third week of oral administration of codeine-
containing cough syrup, the rats were sacrificed by decapitation.
Blood samples were collected into centrifuge tubes. The blood
was allowed to clot at room temperature for 5 minutes, after
which an applicator stick was used to carefully loosen the blood.
The blood was then centrifuged at 3000rpm for 5 minutes. A
clean Pasteur pipette was used carefully to collect the serum and
dispensed into a clean-labelled specimen bottle. Sera samples
collected were analyzed for activities of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), bilirubin, total protein and albumin.

Determination of blood biochemical parameters

Plasma concentrations of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP),
bilirubin were determined using enzymatic Kits total protein by
using biuret method and albumin using Bromo - cresol green
method

Statistical analysis

Results are expressed as meant S.EM. The Ilevels of
homogeneity among the groups were assessed using a one-way
Analysis of Variance (ANOVA) followed by a pos hoc test. All
analyses were done using Statistical package for social sciences
(SPSS) software (version 25.0) and p values < 0.05 were
considered statistically significant.

RESULTS

Effect of high dosage of codeine-containing cough syrup
administration on AST, ALT and ALP activities
Administration of codeine-containing cough syrup at 80 mg/kg,
160 mg/kg, 240 mg/kg and 320 mg/kg doses significantly
increased the activity of AST by 18.1%, 19.0%, 22.1%, 23.5%
respectively, ALT activity by 17.0%, 18.7%, 21.9%, 26.0%
respectively and ALP activity by 16.7%, 17.5%, 21.9%, 27.9%
respectively when compared with the normal rats (Table 1).

Table 1. Effect of high dosage of codeine-containing cough syrup
administration on AST, ALT and ALP activities.

Parameters  Control Group 1 Group 2 Group 3 Group 4

ALT (I/0)
AST (I/U)

ALP (I/U)
259.17+1.62

52394036  54.19+048 59.40+0.31™ 69.57+2.15™ 82.73£2.01""
52.07+0.72  54.92+0.53  57.57+0.41" 67.10£0.54™ 71.31+1.29™
149.39+0.85 155.01+0.67 162.10+£1.22"  202.91+2.61"

Note: Each value represents the mean of 4 rats.”"= significantly different from the control (p <
0.05).

Effect of high dosage of codeine-containing Cough Syrup
Administration on Billirubin

Administration of codeine codeine-containing cough syrup at 80
mg/kg, 160 mg/kg, 240 mg/kg and 320 mg/kg doses significantly
increased billirubin level by 9.3%, 19.5%, 22.7% and 37.9%
respectively when compared with the control group (Table 2).

Table 2. Effect of high dosage of codeine-containing cough syrup
administration on billirubin.

Parameters Control Group 1 Group 2 Group 3 Group 4
Total 22.55+1.10 25.1141.59 41.2843.61** 48.09+1.99** 80.51+5.12%*
Billirubin

(umol/l)

Direct 4.40+0.21
Billirubin

(pmol/l)

Note: Each value represents the mean of 4 rats.”"= significantly different from control (p < 0.05).

5.35£0.34 6.48+0.34%* 7.53+0.23%* 9.25+021%*

Effect of high dosage of codeine-containing cough syrup
administration on total protein and albumin

Administration of codeine-containing cough syrup at 80 mg/kg,
160 mg/kg, 240 mg/kg and 320 mg/kg doses significantly
decreased total protein level by 22.9%, 20.5%, 17.5% and 14.3%
respectively when compared with the control group. Albumin
level was significantly increased by 18.2%, 19.7%, 21.2% and
23.9% respectively when compared with the control group
(Table 3).
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Table 3. Effect of high dosage of codeine-containing cough syrup
administration on total protein and albumin.

Parameters  Control  Group 1  Group 2 Group 3 Group 4
Albumin(g/l) 3.88+0.15 3.85+0.10 4.05£0.06 4.35£0.06" 5.13+0.15™
Total protein 7.23+0.27 6.68+0.28 5.98+0.17™ 5.1£0.29™ 4.18+0.13""
(g

Note: Each value represents the mean of 4 rats. "= significantly different from control (p < 0.05)

DISCUSSION

Codeine (Opioid) is an analgesic mainly used as an antitussive
drug and to manage mild to moderate pain [9, 10]. It is however,
a drug of abuse because of its stimulatory effect on the central
nervous system among some adults [11]. Toxic effects of codeine
use have been reported, although little is known about codeine
toxicity mechanisms [12, 13]. In this study, the toxic effects of
codeine were examined in animal models. Codeine was studied
as a drug and not as an analgesic because the alarming misuse of
codeine recently made Nigeria Government ban the production
and importation of cough syrup that has codeine as an ingredient
[8]. Therefore, this study determined the toxicity of a high dosage
of codeine on the liver because people use codeine without doctor
prescriptions.

In this study, many biochemical parameters on liver
function were determined in plasma samples to assess damage to
the metabolizing organ. The increase in the activities of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and
alkaline phosphatase (ALP) has been reported in previous studies
following exposure to opioids, including morphine and tramadol
[14, 15, 16 ]. Administration of codeine in this study significantly
increased ALT, AST and ALP activities which conform with
previous research that revealed that AST, ALP and ALT
activities in plasma increased significantly in an addicted patient
of opioids [17]. The liver is an organ that detoxified toxic
elements and chemical drugs in the body, the increase in the
activities of ALT, AST and ALP in plasma in this study are
indicative of liver damage [18]. The increased secretion of these
liver enzymes may be accompanied by acute cell necrosis,
therefore, the increased plasma level of these enzymes in rats
treated with codeine could be due to necrosis or damage to the
liver cell membrane which leak the enzymes into the blood
circulation.

Administration of codeine in this study significantly
increased bilirubin which is similar to previous studies following
exposure to acetaminophen, morphine, antimalaria drugs, and
oral contraceptives [19]. There was a decrease in plasma total
protein in rats treated with codeine in this study this is in support
of previous research findings which showed a decrease in plasma
total protein levels in opium dependent participants when
compared to the control group [20]. The clinical diagnosis has
shown that a decrease in plasma concentrations of protein
characterized by significant increases in the urinary excretion of
protein and albumin are indicators of renal dysfunction [21].
Therefore, the decrease in plasma total protein observed in this
study can be taken as an indication of kidney damage.

CONCLUSION

The results indicate that a high dosage of codeine-containing
cough syrup administration may cause hepatotoxicity and as
such, its use should be limited to prescription only. The findings
underlined the need to avoid indiscriminately and prolong the use
of codeine, since prolonged daily use of the drug either at a
therapeutic dose or the extreme dose may lead to damage
accumulation.
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