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ABSTRACT: This study was on orogastric sub-acute codeine 

administration induced hepatotoxicity in adult albino Wistar rats. 

The objectives of the study were; to determine the effects of 

codeine on liver function in adult albino Wistar rats and to 

investigate the effects of codeine on the histology of the liver in 

adult albino Wistar rats at the light microscopic level. The animals 

were divided into 4 groups of 5 rats each, Groups A, B, C, and D. 

Group A was the control group and given normal feed and water 

ad libitum for 28 days. Group B rats were the low dose group and 

were administered codeine 30mg/kg by orogastric gavage daily 

for 28 days in addition to normal feed and water ad libitum. Group 
C rats were the medium-dose group and were administered 

60mg/kg codeine. Group D rats were the high dose group and 

were administered 90mg/kg codeine for 28 days. Ethical 

clearance was obtained from the animal ethical committee, Bayero 

University Kano for the study. Data obtained from this study were 

calculated for one-way analysis of variance (ANOVA), followed by 

student t-test. Results were expressed as mean ± standard error of 

the mean. Computer statistical software package SPSS version 20 

was used for data analysis. All statement of differences was based 

on significance at p<0.05. Twenty male and female albino rats 

weighing between 150-200g were used for the experiment. 

Results from this study showed that alanine aminotransferase 

(ALT) and aspartate aminotransferase (AST) slightly increased 

but this increase was not statistically significant while the increase 

observed in alkaline phosphatase (ALP) was statistically 

significant at p<0.05. The histopathology of the liver showed 

normal hepatocytes radiating from the central vein and clear 

sinusoids in group A the control. The micrograph of the treated 

groups (B, C, and D) showed focal pale staining, hepatic necrosis, 

and inflammatory cells infiltration, focal aggregation of 
mononuclear cell infiltration, multi-focal fatty tissue, binuclear cell 

infiltration, mild vacuolation, focal enlarged and congested blood 

channel and presence of giant cells. This study concludes that 

codeine causes a significant increase in ALP activity and 

hepatotoxicity in albino Wistar rats. 
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INTRODUCTION 
 
Abuse and misuse of codeine and codeine-containing 
products are major health challenges facing various 
countries of the world. This might be because such 
products are available as over-the-counter (OTC) 
medications which are mostly obtained without doctor’s 
prescription (Robinson et al., 2010). In Nigeria, youths 
are addicted to codeine and codeine-containing products,  

 
 
 
most especially the cough syrups (BBC, 
2018;Washingtonpost, 2018).The British Broadcasting 
Corporation (BBC) in May, 2018 in its documentary titled 
“Sweet Sweet Codeine” showed how millions of bottle of 
codeine syrups were abuse in Nigeria (BBC, 2018). The 
report of the BBC documentary, led the Nigerian 
government to ban the importation,  production  and  sale  
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of codeine as an active pharmaceutical ingredient (API) 
through the National Agency for Food and Drug 
Administration and Control (NAFDAC) in Nigeria 
(Washingtonpost, 2018). This ban on the importation and 
sale of codeine as an API led to the scarcity of codeine 
containing products within the country. In Nigeria there is 
currently no legal backing prohibiting obtaining of codeine 
and codeine-containing products as a prescription only 
drug (Washingtonpost, 2018). Misuse of medicines is 
defined as the use of drugs with or without prescription, 
usually outside the acceptable medical practice or 
medical guidelines. It includes self-medicating with drugs 
for a longer period, usually at larger doses and for 
recreational reasons. Medicine misuse is also considered 
as a problematic consumption where risks and adverse 
consequences outweigh the benefits (Casati et al., 2012; 
Cooper, 2011; Van Hout, 2014). Codeine and codeine-
containing products abuse epidemic, has led to an 
increase in concern by the world public health authorities 
and various bodies that are concern with the regulation of 
medicines due to its consequences on the youths and the 
society at large(Van Hout, 2016; Van Hout et al., 
2018).Codeine is among the top three drugs mostly 
abused in Nigeria, particularly among teenagers and 
young adults, ages of 15-29 years(NOI Polls, 
2018).Codeine abuse is a challenges facing Nigeria as a 
nation. Kano and Jigawa state alone in northern Nigeria 
are said to consume about 3 million bottles of codeine 
syrup a day as reported by the Nigerian senate in 2018 
(www.vanguardngr.com, 2017; www.bbc.com, 2018).  
Codeine (3 methylmorphine) is a weak opiate and the 
most widely accessible and commonly used opiates 
globally. This is because of its analgesic, antitussive and 
antidiarrheal properties (Derry et al., 2015). Codeine has 
been considered to be a weak opiate, but has effects 
which include dependence, sedation, euphoria and 
constipation among others which are inherent (Van Hout, 
2014; Nielsen and Van Hout, 2016). Literature is deficient 
onorogastric sub-acute codeine administration on the 
histology of the liver and liver function test in adult albino 
wistar rats. The aim of this study is to investigate the 
orogastric sub-acute codeine administration induced 
hepatotoxicity in adult albino wistar rats.  
 
 
MATERIALS AND METHODS 
 
This study was carried out in the department of Anatomy, 
Bayero University Kano, Kano state. Dihydrocodeine 
tablets (Actavis UK) 30mg, distilled water, Animal cages 
and Drinkers, Animal feed (vital feed, Grand cereal Jos), 
Syringe and intubation tubes, Electronic weighing 
balance (BOSCH India), Manual weighing balance 
(MATLER Germany), Specimen bottles, and EDTA sterile 
test tubes, Beakers, Pipette, Glass slides, Cover-slips, 
Microscope (Olympus, Germany), Rotary Microtome 
(Matler, Germany), Reagents of different kinds (DPX  
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mountant, glycerol, xylene, paraffin wax, haematoxylin, 
eosin stains, Formalin, absolute alcohol and Hand 
gloves,  
 
Animals  
 
Matured adult albino wistar rats weighing between 150 to 
200 grams were obtained from the laboratory animal 
holdings, Department of Anatomy, Bayero University 
Kano, Nigeria. The study was conducted on 20 albino 
wistar rats. The animals were kept in plastic cages 
covered with wire mesh in the animal house of the 
department of Anatomy and maintained on standard 
pellet diet and water ad libitum. The rats were housed 5 
per cage and allowed to acclimatize to existing climatic 
condition in the animal house for the period of 14 days 
before the commencement of administration of codeine 
solution. Animals were kept in well ventilated cages and 
housing with the average humidity, with a temperature 
range of between 27 - 30 ± 20C. The lighting consists of 
natural day light: darkness rhythm. 
 
 
Experimental design (Protocol) 
 
After acclimatization the 20 rats were divided into 4 
groups (A, B, C and D). Each group comprising of 5 rats 
each. The animals were weighed and grouped according 
to their body weight. 
 
Group A, serve as the control group. The rats were given 
normal feed and water ad libitum for 28 days. 
 
Group B, rats were administered codeine 30mg/kg by 
orogastric intubation daily for 28 days in addition to 
normal feed and water ad libitum. 
 
Group C, rats were administered codeine 60mg/kg by 
orogastric intubation daily for 28 days in addition to 
normal feed and water ad libitum. 
 
Group D, rats were administered codeine 90mg/kg orally 
daily for 28 days in addition to normal feed and water ad 
libitum. Ethical clearance was obtained from the animal 
ethical committee, Bayero University Kano. 
 
Preparation of codeine solution 
 
A stock solution of codeine was prepared by dissolving 
one tablet of 30mg of dihydrocodeine in 5ml of distilled 
water. From the stock solution doses were calculated and 
administered to each animal per body weight.  
 
Body weight of animals 
 
Body weight of rats was measured using the digital 
balance. The body weights of all   the   rats   were   taken 
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Table 1: Effects of codeine on liver function test. 
 
Group  ALT Activity (U/L) AST Activity(U/L) ALP Activity(U/L) 
A 64.80 ± 0.74   7.61 ± 0.06 305.73 ± 3.27 
B 73.53 ± 3.49 7.71 ± 0.31 453.57 ± 42.81* 
C 81.41 ± 3.07 8.07 ± 025 525.32 ± 63.62*** 
D 87.07 ± 2.54 8.12 ± 0.30                      825.30 ± 51.46*** 

 
Values are Mean ± SEM.  *= p<0.05. (Comparison relative to control). N= 5 where N is the number of rats per group. 

 
 

 
 
Figure 1. Photomicrograph of rat liver of Control showing hepatocytes 
radiating away from the central vein (CV) H&E x100. 

 
 
 
 
 
before administration codeine solution and at weekly 
intervals during the treatment period.   
 
Liver function test analyses 
 
The rats were sacrificed on the 29

th
 day, a day after the 

last dose was administered. Each rat was sacrificed by 
deeply anaesthetizing the animal with 120mg/kg 
ketamine injection per body weight. Blood samples were 
collected by cardiac puncture method in a plain sterilized 
EDTA bottle. The samples were centrifuged at 1000 rpm 
x g for 5mins and the plasma was used to determine ALT 
and AST activities in the plasma were determined at 37

0
C 

by colorimetric method of Reitman and Frankel (1957) 

while ALP activity were determined by the colorimetric 
method of Plummer (1978) using phenolphthalein 
monophosphate as substrate. Enzymatic kits 
(CYPRESS) diagnostic Lang drop Belgium was used 
according to the manufacturer instruction in the 
Department of Biochemistry, Bayero University Kano. 
 
Histopathological analyses of the liver 
 
All animals (both control and treated) were sacrificed on 
the 29

th
 day. Liver from all the animals were obtained and 

fixed (in 10% formalin) for histopathological analyses for 
paraffin section as was previously used by Drury et al. 
(1976). 
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Figure 2: Photomicrograph of rat liver of control rats showing hepatocytes 
(black arrows) radiating away from the central vein (CV) with clear sinusoids 
(yellow arrows) H&E x400. 

 
 

 
 
Figure 3: Photomicrograph of rat liver treated with 30mgkg of 
codeine showing focal pale staining and hepatic necrosis 
(arrows) H&Ex400. 
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Figure 4: Photomicrograph of rat liver treated with 30mg/kg of codeine 
showing hepatic necrosis (NCR) and inflammatory cells infiltration 
(arrow) H&E x400. 

 
Statistical analysis 
 
Data obtained from this research, weights of rats, ovarian 
weight, hormonal levels and testicular sperm 
concentration were subjected and calculated for one-way 
analysis of variance (ANOVA)(16) followed by student t-
test. The results were expressed as mean ± standard 
error of mean. Analyses of data were carried out using 
computer statistical software package SPSS version 20. 
All statement of differences was based on significance at 
p<0.05. 
 
RESULTS 
 
Effects of codeine on liver function 
 
Liver function test showed that the level of alanine amino 
transferase (ALT) and aspartate amino transferase (AST) 
slightly increased but these increase was not statistically 
significant while the increased observed in alkaline 
phosphatase (ALP)was statistically significant at p<0.05 
as shown in (Table 1). 
 
Effect of codeine on the histology of the liver 
 
Histopathological results showed that photomicrograph of 
rat liver of group A (Control) showed normal hepatocytes 
Radiating from the central vein and clear sinusoid 

(Figures 1 and 2). Photomicrograph of rat liver of group B 
treated with 30mg/kg codeine showed focal pale staining, 
hepatic necrosis, and inflammatory cells infiltration 
(Figures 3 and 4). Photomicrograph of rat liver of group C 
treated with 60mg/kg codeine showed focal aggregation 
of mononuclear cells infiltration and multi-focal fatty 
tissue (Figures 5, 6, and 7). Photomicrograph of rat liver 
of group D treated with 90mg/kg codeine showed 
mononuclear and binuclear cells infiltration, mild 
vacoulation, focal enlarged and congested vascular 
channel and giant cells.  
 
 
 
DISCUSSION 
 
Results from this study showed that alanine amino 
transferase (ALT) and aspartate amino transferase (AST) 
activities increased slightly, which was not significant 
while the increased observed in alkaline phosphatase 
(ALP) activity observed was statistically significant at 
p<0.05 this was in line with the study carried out by 
Shuangh et al. (2017) who reported an increased in liver 
enzyme AST, ALT and ALP when codeine was and 
ministered orally. Sebnem et al. (2005) also reported that 
liver enzymes were impaired when codeine-paracetamol 
was orally administered in Sprague Dawley rats. Youssef 
and Azza (2016), administered  tramadol  an  opioid  drug  
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Figure 5: Photomicrograph of rat liver treated with 60mg/kg of 
codeine showing central vein (CV), radiating hepatocytes (HP) focal 
aggregation of mononuclear cells infiltration (arrow) H&E x400. 

 
 

 
 
Figure 6: Photomicrograph of rat liver treated with 
60mg/kg of codeine showing focal aggregation of 
mononuclear cells infiltration H&E x400. 
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Figure 7: Photomicrograph of rat liver treated with 60mg/kg of 
codeine showing multi-focal fatty tissues H&E x400. 
 

 

 
Figure 8: Photomicrograph of rat liver treated with 90mg/kg of 
codeine showing mononuclear cell infiltration (MX), binuclear 
cells (arrows) and mild vacuolation (blue arrows) H&E x400. 
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Figure 9: Photomicrograph of rat liver treated with 90mg/kg of 
codeine showing focal enlarged and congested vascular channel 
H&E x400. 

 
 

 
 
Figure 10. Photomicrograph of rat liver treated with 
90mg/kg of codeine showing giant cells (black arrows) and 
binuclear cells (arrows) H&E x400. 
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orally and reported an increase in liver enzyme 
concentration. Aseel et al. (2015) reported an increase in 
AST, ALT and ALP in blood serum. The histopathology of 
the liver showed normal hepatocytes radiating from the 
central vein and clear sinusoids in group A the control. 
The micrograph of the treated groups (B, C and D) 
showed focal pale staining, hepatic necrosis, and 
inflammatory cells infiltration, focal aggregation of 
mononuclear cell infiltration, multi-focal fatty tissue, 
binuclear cell infiltration, mild vacuolation, focal enlarged 
and congested blood channel and presence of giant cells. 
This study was supported by the report of Aseel et 
al.(2015), who observed centrolobular necrosis, dilation 
of sinusoids, vaculation of hepatocytes and septal 
fibrosis. Youssef and Azza, (2016) in their study, 
administered tramadol a sister opioid to codeine 
observed, acute toxicity, haemorrhage, cytolysis, cell 
membrane degeneration of hepatocytes. 
 
 
Conclusion  
 
This study concludes that codeine causes hepatotoxicity 
such as, hepatic necrosis, inflammation, focal 
aggregation of mononuclear cell infiltration, multi-focal 
fatty tissue, binuclear cell infiltration, mild vacuolation, 
enlargement and congested blood channel and presence 
of giant cells. Codeine also affects the enzyme alkaline 
phosphatase (ALP) activity so it usage at this doses is 
not safe.  
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