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Abstract: This study investigated the effect of vitamin E on serum liver enzymes and bilirubin concentrations of 

male Wistar rats treated with tramadol on the background that tramadol is widely abused and has been 

reported to cause oxidative damage to the liver. Twenty male Wistar rats (180-200g) were randomly assigned 

into four groups of five rats each: Control (0.2mL olive oil as vehicle), tramadol-treated group (Tra) (20mg/kg 

of tramadol), vitamin E-treated group (Vit E) (100mg/kg of vitamin E) and tramadol+vitamin E-treated group 

(Tra+Vit E) (received tramadol and vitamin E). Drugs were administered orally, once daily for twenty-eight 

days after which the rats were sacrificed and blood samples collected and used for measurement of serum 

concentrations of liver enzymes (AST, ALT and ALP) and bilirubin. Serum concentrations of AST, ALT, ALP, 

total bilirubin (TB) and unconjugated bilirubin (UCB) were significantly increased (p<0.05) in Tra compared 

with control and decreased (p<0.05) in Tra+Vit E compared with Tra. Serum concentration of conjugated 

bilirubin (CB) and percentage conjugation of bilirubin decreased significantly (p<0.01) in Tra compared with 

control but was not significantly different between Tra and Tra+Vit E. Tramadol therefore altered liver function 

and vitamin E supplementation was able to counter these alterations but could not counter the negative effect of 

tramadol on conjugation of bilirubin. 
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I. Introduction 
The liver is actively involved in the detoxification and metabolism of substances including drugs and 

this increases the risk of the liver to toxic injuries.  

Tramadol is an opioid analgesic acting on the central nervous system to treat moderate to severe pain 

[1,2]. Its ability to postpone ejaculation and to cause the feeling of a “high” has led to its abuse in Nigeria 

among the younger population [3-5]. The male folks even in the absence of ejaculatory problems take tramadol 

at excessively high doses [6] and this poses threat to health. As such, there’ll be constant bombardment of the 

liver with high concentration of tramadol. Experimental studies have shown that tramadol treatment causes 

hepatotoxicity and alteration in liver function [4,7-9]. These negative effects of tramadol on the liver has been 

associated with oxidative stress [9]. 

Vitamin E is a lipid soluble antioxidant which prevents the production of lipid peroxides by scavenging 

free radicals in biological membranes [10]. Vitamin E has been reported to be effective in the treatment of non-

alcoholic fatty liver disease [11,12] and the prevention of oxidative damage to the liver caused by substances 

such as carbamazepine [13]. Due to the high level of abuse of tramadol and the oxidative damage it causes to the 

liver, it becomes expedient to investigate whether a power antioxidant like vitamin E will be able to counter the 

negative effects of tramadol on the liver as no study till date has shown this. This study was therefore conducted 

to investigate the effect of vitamin E on serum liver enzymes and bilirubin concentrations (as markers for liver 

damage and functionality) in male Wistar rats treated with tramadol.  

 

II. Materials and Methods 
2.1 Experimental Animals 

 Twenty male Wistar rats weighing 180-200g were bought from the Department of Agriculture, 

University of Calabar and used for the study. The rats were housed in wooden cages that were properly 

ventilated and kept in the animal house of the Department of Physiology, University of Calabar. Before the 

commencement of treatment with the various substances, the rats were allowed for two weeks to acclimatize. 

Ethical approval was obtained from the Animal Research Ethics Committee of Faculty of Basic Medical 

Sciences, University of Calabar. The principles for animal care as contained in the declaration of Helsinki [14] 
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were adopted in the handling of the animals. All the animals had free access to rat feed and water ad libitum and 

were exposed to 12/12 hours light/dark cycle at room temperature. 

 

2.2 Experimental Design and Drug Administration 

 The twenty rats were randomly divided into four experimental groups with each group having five rats. 

The groups were control, tramadol treated-group (Tra), vitamin E-treated group (Vit E) and tramadol+vitamin 

E-treated group (Tra+Vit E). The control group received 0.2mL of the vehicle (olive oil). The Tra received 

20mg/kg of tramadol (Glow Pharma pvt Ltd, India). The Vit E was given 100mg/kg of vitamin E (Sigma 

Aldrich, USA). The Tra+Vit E received 20mg/kg of tramadol and 100mg/kg of vitamin E. The drugs were 

obtained from Anijah Pharmacy, Eta Agbor, Calabar, Nigeria. Drug and vehicle administration was done orally 

and once a day for twenty-eight days. 

 

2.3 Collection of Blood Samples 

 At the end of the period of administration, all the rats were anaesthetized using chloroform and 

sacrificed. Blood samples were collected from the animals through cardiac puncture using 5ml syringe attached 

to 21G needle into pre-labelled plain sample bottles and thereafter allowed for two hours to clot. The clotted 

blood samples were then centrifuged at 2500rpm for 10 minutes to obtain serum. The sera obtained were then 

used to measure serum concentrations of liver enzymes and bilirubin. 

 

2.4 Measurement of Serum Concentration of Liver Enzymes 

2.4.1 Aspartate Aminotransferase and Alanine Aminotransferase 

 Reitman and Frankel [15] method was used to measure the concentrations of AST and ALT. The 

principle behind this is that pyruvate is produced from transamination by ALT and it produces a brown-coloured 

hydrazine which is measured calorimetrically at 510nM by its reaction with 2,4-dinitrophenylhydrazine. The 

reaction with AST forms an oxaloacetate which decarboxylates spontaneously to pyruvate which is also 

measured by hydrazine formation. The calculation is shown below:  

 X 67/Umol/min/L for AST 

 

 X 133/mol/Umin/L for ALT 

 

Where T = Test  

TB =Test Blank  

S = STD  

SB = STD Blank 

 

2.4.2 Alkaline Phosphatase 

 The modified method of King and Armstrong [16] was used to determine ALP concentration. This is 

based on the principle that phenol released by enzymatic hydrolysis from phenylphosphate under defined 

conditions of time, temperature and PH is estimated calorimetrically. A test tube containing a mixture of 1mL of 

buffer and 1mL of phenylphosphate substrate was placed in a water bath at 37°C for 3 minutes. 0.1ml of serum 

was added, mixed gently and incubated for 15 minutes and the reaction was halted by adding 0.8mL of 0.5N 

sodium hydroxide   

Control: In a test tube, 1mL substrate was mixed with 0.8mL of 0.5N sodium hydroxide followed by 0.1mL of 

serum  

Standard: 1.1mL of buffer was mixed with 0.1mL of phenol standard (1mg/100mL) and 0.8mL of 0.5N sodium 

hydroxide.  

Blank: 1.1mL of buffer, 1.0mL of water and 0.8mL of 0.5N sodium hydroxide was mixed. To all tubes, 1.2mL 

of 0.5N NaHCO3 was added with 1mL of K3(Fe(CN)6). After each addition, each tubular content was properly 

mixed and the successive additions adjusted the PH to develop the colour. The 0.0 of reddish-brown colours of 

510 nM (nanometer) was read avoiding exposure to strong sunlight. 

The calculation is shown below: 
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2.5 Measurement of Serum Bilirubin Concentration 

Serum bilirubin concentration was estimated using Powell [17] method. Serum bilirubin is present in two forms 

namely conjugated (mostly with glucoronic acid) and unconjugated (free bilirubin). Both forms give purple 

azobilirubin with diazotized sulphanilic acid. Conjugated bilirubin reacts in aqueous solution (direct reaction) 

whereas unconjugated bilirubin requires an accelerator or solubilizer, such as benzoate urea. 

 

2.5.1 Calculation of Percentage Conjugation of Bilirubin 

 Percentage conjugation of bilirubin was calculated by multiplying the ratio of serum conjugated 

bilirubin concentration and serum total bilirubin concentration by 100%. 

 

 
 

 

2.6 Statistical Analysis 

 Results are presented as mean ± standard error of mean (SEM). Data analysis was performed using 

statistical package for social sciences (SPSS) (version 20). One-way analysis of variance along with post hoc 

multiple comparisons test (Least Square Difference) was used to compare mean difference between groups. 

P<0.05 was considered statistically significant. 

 

III. III Results 
3.1 Comparison of serum liver enzyme concentration in the different experimental groups 

3.1.1 Serum aspartate aminotransferase (AST) 

Figure 1 shows serum AST concentration for control, Tra, Vit E and Tra+Vit E which was 34±2.47, 43.4±3.96, 

33.6±1.17 and 36.2±2.15 IU/L respectively. Serum AST concentration was significantly (p<0.05) increased in 

Tra compared with control. It was significantly decreased in Vit E compared with Tra.  

 

3.1.2 Serum alanine aminotransferase 

 Figure 2 shows serum ALT concentration for control, Tra, Vit E and Tra+Vit E which was 47.8±2.56, 

66.6±2.54, 47±4.15 and 48.4±0.93 IU/L respectively. Serum ALT concentration was significantly (p<0.001) 

increased in Tra compared with control. It was however significantly (p<0.001) decreased in Vit E and Tra+Vit 

E compared with Tra.  

 

3.1.3 Serum alkaline phosphatase 

Figure 3 shows serum ALP concentration for control, Tra, Vit E and Tra+Vit E which was 24.2±0.92, 

34.8±1.98, 24.4±0.68 and 28.8±2.31 IU/L respectively. Serum ALP concentration was significantly (p<0.001) 

increased in Tra compared with control. It was however significantly decreased in Vit E (p<0.001) and Tra+Vit 

E (p<0.05) compared with Tra. 

 

3.1.4 AST/ALT ratio 

 Figure 4 shows AST/ALT ratio for control, Tra, Vit E and Tra+Vit E which was 0.71±0.02, 0.66±0.06, 

0.74±0.07 and 0.75±0.05 respectively. AST/ALT ratio was not significantly different among the experimental 

groups.  
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3.2 Comparison of total bilirubin (TB) concentration in the different experimental groups 

 Figure 5 shows serum TB concentration for control, Tra, Vit E and Tra+Vit E which was 13.7±1.52, 

20.96±0.81, 10.64±0.68 and 15±2.36 µmol/L respectively. Serum TB concentration was significantly (p<0.01) 

increased in Tra compared with control. It was significantly decreased in Vit E (p<0.001) and Tra+Vit E 

(p<0.01) compared with Tra. 

 

3.3 Comparison of conjugated bilirubin (CB) concentration in the different experimental groups 

 Serum CB concentration for control, Tra, Vit E and Tra+Vit E was 6.58±1.32, 2.82±0.18, 5.34±0.63 

and 3.18±0.34 µmol/L respectively. Serum CB was significantly (p<0.001) decreased in Tra compared with 

control. It was significantly (p<0.01) increased in Vit E compared with Tra. Serum CB concentration was 

significantly decreased in Tra+Vit E compared with control (p<0.001) and Vit E (p<0.05) (Figure 6).   
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3.4 Comparison of unconjugated bilirubin concentration in the different experimental groups 

Serum UCB concentration for control, Tra, Vit E and Tra+Vit E was 7.12±2.31, 18.14±0.78, 5.3±0.86 and 

11.82±2.18 µmol/L respectively. Serum UCB was significantly increased in Tra (p<0.001) and Tra+Vit E 

(p<0.05) compared with control. It was significantly decreased in Vit E (p<0.001) Tra+Vit E (p<0.01) compared 

with Tra. Serum UCB was significantly (p<0.01) increased in Tra+Vit E compared with Vit E (Figure 7).  

3.5 Comparison of percentage conjugation of bilirubin in the different experimental groups 

 Figure 8 shows percentage conjugation of bilirubin for control, Tra, Vit E and Tra+Vit E which was 

51.45±12.58, 13.5±0.82, 50.74±6.45 and 22.80±3.00 % respectively. Percentage conjugation of bilirubin was 

significantly (p<0.01) decreased in Tra compared with control. It was significantly (p<0.01) increased in Vit E 

compared with Tra. Percentage conjugation of bilirubin was significantly (p<0.05) decreased in Tra+Vit E 

compared with control and Vit E.` 
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IV. Discussion 

The liver is a metabolic organ of the body responsible for glycogen storage, detoxification of 

substances, synthesis of plasma proteins and production of bile [18]. Tramadol is a centrally acting analgesic 

and has been reported to impact negatively on hepatocytes [4] via oxidative stress [9]. Vitamin E is a lipid-

soluble antioxidant that has been reported to protect hepatocytes from oxidative damage caused by several 

substances [13]. This study was carried out to investigate the effect of vitamin E on serum liver enzymes and 

bilirubin concentrations in male Wistar rats treated with tramadol. 

 Serum AST, ALT and ALP concentrations increased significantly in the Tra group compared with 

control. Except AST, all other liver enzymes decreased significantly in the Tra+Vit E compared with Tra 
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(Figures 1, 2 and 3). AST/ALT ratio was not significantly different among groups. These results are in tandem 

with the work done by Nna et al. [4] and indicate that tramadol impacted negatively on the liver cells 

(hapatocytes). In their Study, Nna et al. [4] reported that tramadol administered to male Wistar rats for a period 

of 8 weeks resulted in elevated levels of serum AST, ALT and ALP. Increased levels of AST, ALT and ALP are 

indicative of liver damage. These enzymes are released in greater amounts into the blood of humans and animals 

when hepatocytes are damaged [19]. Death of hepatocytes either by necrosis or apoptosis leads to increase in 

AST and ALT concentrations. ALP takes part in bone mineralization and its activity rises in bone disease and 

hepatobiliary disease. Thus increased ALP concentration is also an indication of damage to bone cells and 

cholestasis which probable results in progressive liver disease – biliary cirrhosis [20, 21]. Long term tramadol 

treatment in mice was shown to cause necrosis, vacuolization, central vein dilation, haemorrhage, cytolysis and 

complete cell membrane degeneration in hepatocytes [7, 8]. The results of our study show that vitamin E 

supplementation exhibited hepatoprotective effect as serum concentration of the liver enzymes decreased 

significantly in the Tra+Vit E compared with Tra. This implies that vitamin E supplementation protected the 

hepatocytes from oxidative damage that was probably associated with tramadol treatment. 

 Total bilirubin (TB) concentration was significantly increased in Tra compared with control and 

decreased in Vit E and Tra+Vit E compared with Tra. Conjugated bilirubin (CB) concentration and percentage 

conjugation of bilirubin were significantly decreased in Tra and Tra+Vit E compared with control. They were 

also significantly decreased in Tra+Vit E compared with Vit E. Unconjugated bilirubin (UCB) concentration 

was significantly increased in Tra and Tra+Vit E compared with control. However, UCB concentration was 

significantly decreased in Tra+Vit E compared with Tra. Our result is consistent with a previous study [4] which 

showed that tramadol treatment in male Wistar rats caused an increase in serum TB and UCB concentrations 

and a decrease in serum CB concentration and percentage of conjugation of bilirubin. Elmanama et al. [22] 

measured the levels of liver enzymes and bilirubin in the blood of males who were addicted to taking tramadol 

for over five years and observed an increase in their serum levels of AST, ALT, ALP, total bilirubin and direct 

bilirubin. Increased bilirubin concentration in blood is due to increased synthesis, reduced conjugation, reduced 

secretion by the liver or blockage of the bile ducts. UCB is formed form phagocytosis of haemoglobin (Hb) 

released from red blood cells that have been destroyed or haemolysed. In the liver, about 80% of the UCB is 

conjugated with glucuronic acid and the reaction is catalysed by uridinediphosphateglucuronyltransferase. The 

liver then excretes the CB in bile into the gut where some is lost in faeces and the rest reabsorbed through the 

intestinal mucosa back into the blood. Increased level of CB causes obstructive jaundice while increased level of 

UCB causes haemolytic jaundice [23]. Elevated serum bilirubin concentration may arise from damage to liver, 

presence of immature red blood cells or Gilbert syndrome [24]. Tramadol has been reported to cause damage to 

hepatocytes via oxidative stress [9]. The present results indicate that treatment with tramadol may have caused 

haemolysis of red blood cells (RBCs) which led to hyperbilirubinaemia as TB and UCB concentrations were 

increased significantly in the Tra compared with control. Increased level of UCB in blood is due to increased 

haemolysis of RBCs [25], absence of glucuronyl transferase or hepatocellular disease [23]. It may also mean 

that tramadol treatment reduced the rate of conjugation of UCB in the liver which probably explains why serum 

UCB concentration was increased in the Tra and CB and percentage of conjugation of bilirubin reduced in this 

group. Vitamin E supplementation however exhibited an opposing effect by reducing the destruction of RBCs 

that is probably associated with tramadol treatment. This is seen in figures 4 and 6 where TB and UCB 

concentrations were significantly decreased in Tra+Vit E compared with Tra. Vitamin E supplementation was 

unable to counter the effect on CB caused by tramadol treatment as no significant difference was observed in 

serum CB concentration between Tra and Tra+Vit E (Figure 5). 

 

V. Conclusion 
Tramadol treatment increased serum liver enzymes and bilirubin concentrations and decreased the 

ability of the liver to conjugate bilirubin indicating that it is hepatotoxic and alters liver function. Except for the 

reduced conjugation of bilirubin, vitamin E supplementation countered the negative effects of tramadol. This 

may be due to its antioxidant effect. 
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