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ABSTRACT 
 
Study Background: Guava (Psidium guajava) fruit juice contains health promoting bioactive phytonutrients 
and phytochemicals applied in the traditional treatment of diseases in southwestern Nigeria. It is an edible fruit 
taken by almost everyone as beverage. Acetaminophen extra contains 500mg of Acetaminophen and 65mg 
Caffeine and as such the drug is commonly used to relieve pain. The drug is readily accessible by individuals 
making it susceptible to drug abuse especially overdose.  
Aim and Objective: This work was therefore designed to determine changes in plasma value of IL-2, TNF- α 
and IL-10 in rabbits overdosed with acetaminophen extra and supplemented with Guava (Psidium guajava) fruit 
juice using the plasma levels of ALT and AST as an indicator of liver damage and inflammation.  
Materials and Methods: Fifteen (15) male rabbits were grouped into A (Control Rabbit), B (Rabbits given 
2,500 mg/kgBW of acetaminophen extra for seven days (B1) then supplemented with 20 ml/kgBW of Guava 
(Psidium guajava) fruit juice for another seven days (B2)), and C (Rabbits given 20 ml/kgBW of Guava 
(Psidium guajava) fruit juice for 7 days (C1) then 2,500 mg/kgBW of acetaminophen extra for another seven 
days (C2)). Plasma concentration of Aspatate Aminotransferase (AST), Alanine Aminotransferase (ALT), 
Tissue Necrosis Factor Alpha (TNFα), Interluekin-10 (IL-10), and Interluekin-2 (IL-2) were measured in the 
control and the experimental rabbits by Enzyme Linked Immunosorbent Assay (ELISA).  
Results: The result obtained showed a significant increase in the plasma value of TNF-α, IL-10, AST, ALT in 
rabbits given 2,500 mg/kgBW of acetaminophen for seven days (B1) compared with the value of the parameters 
obtained from the control rabbits (A) (p<0.05). There was a significant decrease in the plasma value of TNF-α, 
IL-10, AST, ALT in rabbits given 20ml/kgBW of Guava (Psidium guajava) fruit juice for seven days after (B2) 
compare with when the rabbit were given 2,500 mg/kgBW of acetaminophen for seven days (B1) (p<0.05). 
There was also a significant increase in the plasma value of IL-10 in rabbit given 2,500 mg/kgBW of 
acetaminophen for seven days (C2) after the rabbits have been pre-supplemented with 20 ml/kgBW of Guava 
(Psidium guajava) fruit juice for seven days (p<0.05).  
Conclusion: Guava fruit juice has been demonstrated to reduce acetaminophen extra toxicity and inflammation 
of the liver (Hepatitis) as reflected by the significant alterations in the plasma levels of TNF-α, IL-10, AST and 
ALT. The supplement could therefore be used to reduce acetaminophen extra induced hepatotoxicity. 
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1. INTRODUCTION 
 

Guava (Psidium guajava) fruit contains bioactive 
phytochemicals and phytonutrients such as vitamin A, 
vitamin C, folic acid, potassium, copper, manganese, 
fiber, flavonoids, lycopene (in the pink succulent 
part), moderate levels of folic acid, lutein and 
cryptoxanthin. It has more vitamin C than oranges and 
more potassium than bananas. A guava fruit contains 
169 mg of vitamin C while an orange has only 69 mg 
[1,2]. 
 

Guava has some non-scientific health benefit claims 
applied traditionally to treat cancer, hypertension, 
Constipation, obesity, Diabetes, toothache, cough, 
cold, diarrhea, dysentery and heart disease. It has an 
alkaline nature which is applied in the treatment of 
acidity and hyperacidity. Guavas juices help in 
releasing toxins from the body, especially from the 
stomach [3]. 
 

Interleukins are a form of cytokines produced and 
secreted mainly by CD3+ and CD4+ T lymphocytes. 
They promote the development and differentiation of 
natural killer cells, T and B lymphocytes and 
haematopoietic stem cells [4,5]. Interleukins are 
involved in systemic inflammation and immune 
system modulation. Interleukins play important roles 
in fighting cancer, infectious disease and other 
diseases [6]. 
 

Inflammation involves interplay between pro- and 
anti-inflammatory cytokines. Interleukin-1 (IL-1), 
tumor necrosis factor (TNF), gamma-interferon             
(IFN-gamma), IL-12, IL-18 and granulocyte-
macrophage colony stimulating factor are well 
characterized as pro-inflammatory cytokines while 
IL4, IL-10, IL-13, IFN-alpha and transforming growth 
factor-beta are recognized as anti-inflammatory 
cytokines [7]. 
 

According to Dinarello, [6] “Some cytokines act to 
make disease worse (proinflammatory), whereas 
others serve to reduce inflammation and promote 
healing (anti-inflammatory). Interleukin (IL)-1 and 
tumor necrosis factor (TNF) are proinflammatory 
cytokines, and when they are administered to humans, 
they produce fever, inflammation, tissue destruction, 
and, in some cases, shock and death” [4,5]. 
 
T lymphocytes secrete and release of protein factors 
to regulate the growth and differentiation of T cells 
and certain B cells. These factors, include interleukin 
2 (IL2) secreted by lectin- or antigen-stimulated T 
cells, and have various physiological effects. IL2 is a 

lymphokine that induces the proliferation of 
responsive T cells. In addition, it acts on some B cells, 
via receptor-specific binding, as a growth factor and 
antibody production stimulant. The IL2 synthesis 
could be inhibited by IL-10. IL-10 is found in 
monocytes, Th2 cells, CD8+ T cells, mast cells, 
macrophages, B cell subset.IL-10 Inhibits Th1 
cytokine production (IFN-γ, TNF-β, IL-2). IL-10 is an 
anti-inflammatory cytokine [6]. 
 
Tumor necrosis factor alpha (TNFα, tumor necrosis 
factor alpha, TNFα, cachexin, or cachectin) is a 
proinflammatory and cell signaling cytokine involved 
in systemic inflammation and is one of the cytokines 
that make up the acute phase reaction. It is produced 
primarily by activated macrophages but can also be 
produced by many other cell types such as CD4+ 
lymphocytes, NK cells, neutrophils, mast cells, 
eosinophils, and neurons. A local increase in 
concentration of TNF will cause the cardinal signs of 
Inflammation to occur: heat, swelling, redness, pain 
and loss of function [8-10].  
 
Tumor necrosis factor alpha stimulates the release of 
corticotropin releasing hormone (CRH) required for 
the stimulation of hypothalamic-pituitary-adrenal 
axis. It could suppress appetite, bring about fever and 
stimulates acute phase response, leading to an 
increase in C-reactive protein and a number of other 
mediators. It promotes the expression of adhesion 
molecules on endothelial cells, helping neutrophils 
migrate and stimulates phagocytosis, and production 
of IL-1 oxidants and the inflammatory lipid 
Prostaglandin E2 (PGE2). It increases insulin 
resistance. TNF phosphorylates insulin receptor serine 
residues, blocking signal transduction. It also 
regulates bitter taste perception [8-10]. 
  
Alanine transaminase (ALT) is a liver enzyme that 
catalyzes the transfer of an amino group from L-
alanine to α-ketoglutarate, the products of this 
reversible transamination reaction being pyruvate and 
L-glutamate. Aspartate transaminase (AST) catalyzes 
the interconversion of aspartate and α-ketoglutarate to 
oxaloacetate and glutamate. Plasma levels of ALT and 
AST increase in hepatitis (inflammation of the liver) 
and liver damage. ALT is solely found in the liver 
while AST could be found in other organs /cells         
[11-14]. 
 
This work is therefore designed to determine changes 
in plasma value of IL-2, TNF- α and IL-10 in rabbits 
overdosed with acetaminophen extra and 
supplemented with Guava (Psidium guajava) fruit 
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juice using the plasma levels of ALT and AST as an 
indicator of liver damage and inflammation. 

 

2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
Animal house of Achievers University, Owo-Nigeria 
equidistant between Nigeria Federal capital territory-
Abuja and former Federal capital-Lagos. It has a 
Latitude: 6.98575, Longitude: 5.27103 and Time 
Zone: UTC+1, Africa/Lagos. 
 

2.2 Study Population 
 
Rabbits were bought from Oja Ikoko-a major market 
in Owo and were identified and confirmed having 
same sex (male) by the Department of Biological 
Sciences, Achievers University, Owo-Nigeria.  These 
include 15 rabbits with weight ranging from 1.0 -1.5 
Kg grouped as follows: 
 
Group A:  Five rabbits weighing 1.3 ±0.1 Kg fed 

with normal meal and water were studied 
as control group A. 

Group B1:  Five rabbits weighing 1.3 ±0.1 Kg given 
normal meal with water and 2,500 
mg/kgBW of acetaminophen for seven 
days. 

Group B2:  Five rabbits weighing 1.2 ±0.1 Kg given 
normal meal, water and 20 ml/kgBW of 
Guava (Psidium guajava) fruit juice for 
another seven days. 

Group C1:  Five rabbits weighing 1.3 ±0.1 Kg given 
normal meal with water and 20 ml/kgBW 
of Guava (Psidium guajava) fruit juice 
for another seven days. 

Group C2:  Five rabbits weighing 1.4 ±0.1 Kg given 
normal meal, water and 2,500 mg/kgBW 
of acetaminophen for seven days.  

 

2.3 Preparation of Guava (Psidium guajava) 
Fruit Juice  

 
Fresh Guava (Psidium guajava) fruits were pluck 
from different farms in Owo-Nigeria on daily basis. 
The fruits were confirmed by the Department of 
Biological Sciences, Achievers University, Owo-
Nigeria. 
 
Guava (Psidium guajava) fruit juice was prepared by 
slicing the fruit. Slices of the fruit were loaded into 
fruit mixer electric machine to extract the fluid 
portion of the fruit into a sterile container. The juice 
was prepared daily and fed fresh. 
 

2.4 Blood Specimen 
 
Blood samples were collected from the veins lining 
the ear of the rabbits after each treatment into lithium 
heparinized bottles for the estimation of plasma 
concentrations of AST, ALT, IL-10, IL-2 and TNFα. 
 

2.5 Determination of Biochemical Parameters 
 
Plasma concentration of AST, ALT, TNFα, IL-10, 
and IL-2 were measured in the control and the 
experimental rabbits by ELISA using the reagent kits 
of MyBioSource. 
 

2.6 Rabbit Interleukin 2 (IL2) ELISA 
 
2.6.1 Principle of the assay 
 
The test principle applied in this kit is Sandwich 
enzyme immunoassay. The microtiter plate provided 
in this kit has been pre-coated with an antibody 
specific to Interleukin 2 (IL2). Standards or samples 
are then added to the appropriate microtiter plate 
wells with a biotin-conjugated antibody specific to 
Interleukin 2 (IL2). Next, Avidin conjugated to 
Horseradish Peroxidase (HRP) is added to each 
microplate well and incubated. After TMB substrate 
solution is added, only those wells that contain 
Interleukin 2 (IL2), biotin-conjugated antibody and 
enzyme-conjugated Avidin will exhibit a change in 
color. The enzyme-substrate reaction is terminated by 
the addition of sulphuric acid solution and the color 
change is measured spectrophotometrically at a 
wavelength of 450 nm ± 10 nm. The concentration of 
Interleukin 2 (IL2) in the samples is then determined 
by comparing the O.D. of the samples to the standard 
curve. 
 

2.7 Rabbit IL-10 ELISA     
 
2.7.1 Principle of the assay 
 
This assay employs the quantitative sandwich enzyme 
immunoassay technique. Antibody specific for IL-10 
has been pre-coated onto a microplate. Standards and 
samples are pipetted into the wells and any IL-10 
present is bound by the immobilized antibody. After 
removing any unbound substances, a biotin-
conjugated antibody specific for IL-10 is added to the 
wells. After washing, avidin conjugated Horseradish 
Peroxidase (HRP) is added to the wells. Following a 
wash to remove any unbound avidin-enzyme reagent, 
a substrate solution is added to the wells and color 
develops in proportion to the amount of IL-10 bound 
in the initial step. The color development is stopped 
and the intensity of the color is measured. 
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2.8 Rabbit TNFα ELISA 
 
2.8.1 Principle of the assay 
 
TNF ELISA kit applies the competitive enzyme 
immunoassay technique utilizing a monoclonal anti-
TNF antibody and an TNF-HRP conjugate. The assay 
sample and buffer are incubated together with TNF-
HRP conjugate in pre-coated plate for one hour. After 
the incubation period, the wells are decanted and 
washed five times. The wells are then incubated with 
a substrate for HRP enzyme. The product of the 
enzyme-substrate reaction forms a blue colored 
complex. Finally, a stop solution is added to stop the 
reaction, which will then turn the solution yellow. The 
intensity of color is measured spectrophotometrically 
at 450 nm in a microplate reader. The intensity of the 
color is inversely proportional to the TNF 
concentration since TNF from samples and TNF-HRP 
conjugate compete for the anti-TNF antibody binding 
site. Since the number of sites is limited, as more sites 
are occupied by TNF from the sample, fewer sites are 
left to bind TNF-HRP conjugate. A standard curve is 
plotted relating the intensity of the color (O.D.)                   
to the concentration of standards. The TNF 
concentration in each sample is interpolated from this 
standard curve. 
 

2.9 Rabbit Aspartate Aminotransferase 
ELISA Test 

 
2.9.1 Principle of the assay 
 
AST ELISA kit applies the competitive enzyme 
immunoassay technique utilizing a monoclonal anti-
AST antibody and an AST-HRP conjugate. The assay 
sample and buffer are incubated together with AST-
HRP conjugate in pre-coated plate for one hour. After 
the incubation period, the wells are decanted and 
washed five times. The wells are then incubated with 
a substrate for HRP enzyme. The product of the 
enzyme-substrate reaction forms a blue colored 
complex. Finally, a stop solution is added to stop the 
reaction, which will then turn the solution yellow. The 
intensity of color is measured spectrophotometrically 
at 450 nm in a microplate reader. The intensity of the 
color is inversely proportional to the AST 
concentration since AST from samples and AST-HRP 
conjugate compete for the anti-AST antibody binding 
site. Since the number of sites is limited, as more sites 
are occupied by AST from the sample, fewer sites are 
left to bind AST-HRP conjugate. A standard curve is 
plotted relating the intensity of the color (O.D.)               
to the concentration of standards. The AST 
concentration in each sample is interpolated from this 
standard curve. 

 

2.10 Rabbit ALT ELISA Test 
 
2.10.1 Principle of the assay 
 
This ELISA kit uses Sandwich-ELISA as the method. 
The micro ELISA plate provided in this kit has been 
pre-coated with an antibody specific to Rabbit ALT. 
Standards or samples are added to the appropriate 
micro ELISA plate wells and bound by the specific 
antibody. Then a biotinylated detection antibody 
specific for Rabbit ALT and Avidin-Horseradish 
Peroxidase (HRP) conjugate is added to each micro 
plate well successively and incubated. Free 
components are washed away. The substrate solution 
is added to each well. Only those wells that contain 
Rabbit ALT, biotinylated detection antibody and 
Avidin-HRP conjugate will appear blue in color. The 
enzyme-substrate reaction is terminated by the 
addition of a sulphuric acid solution and the color 
turns yellow. The optical density (OD) is measured 
spectrophotometrically at a wavelength of 450 nm +/- 
2 nm. The OD value is proportional to the 
concentration of Rabbit ALT.  
 

2.11 Method of Data Analysis 
 
The results obtained was subjected to statistical 
analysis using SPSS 18.0 to determine standard 
deviation student ‘t’ test, probability and level of 
significance at 0.05. 
 

2.12 Ethical Consideration  
 
The rabbits were treated and sacrificed in line with the 
ethical guidelines provided by Research and Ethical 
Committee of the Department of Medical Laboratory 
Science, Achievers University, Owo - Nigeria. 
 

3. RESULTS 
 
The result obtained showed a significant increase in 
the plasma value of TNF-α, IL-10, AST, ALT in 
rabbits given 2,500 mg/kgBW of acetaminophen for 
seven days (B1) compared with the value of the 
parameters obtained from the control rabbits (A) 
(p<0.05) as shown in Tables 1, 2 and Fig. 1. 
 
There was a significant decrease in the plasma value 
of TNF-α, IL-10, AST, ALT in rabbits given 20 
ml/kgBW of Guava (Psidium guajava) fruit juice for 
seven days following the administration of 2,500 
mg/kgBW of acetaminophen for seven days (B2) 
compared with when the rabbit were given only  
2,500 mg/kgBW of acetaminophen for seven days 
(B1) (p<0.05) as shown in Tables 1, 2 and Fig. 1. 
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There was also a significant increase in the                
plasma value of IL-10 in rabbit given 2,500 
mg/kgBW of acetaminophen for seven days (C2) after 
the rabbits have been pre-supplemented with 20 
ml/kgBW of Guava (Psidium guajava) fruit juice              
for seven days (p<0.05) as shown in Tables 1, 2 and 
Fig. 1. 
 
However, There was no significant difference in the 
plasma value of IL-2, in rabbits given 2,500 
mg/kgBW of acetaminophen for seven days (B1) 
compare with when the rabbits were supplemented 
with 20 ml/kgBW of Guava (Psidium guajava) fruit 

juice for seven days following acetaminophen extra 
administration (B2) and also compare with the results 
obtained in the control rabbits (A) with p>0.05 as 
shown in Tables 1, 2 and Fig. 1. 
 
There was no significant difference in the plasma 
value of TNF-α, IL-2, AST, ALT in rabbits pre-
supplemented with 20 ml/kgBW of Guava (Psidium 
guajava) fruit juice for seven days compared with  
when they were given 2,500 mg/kgBW of 
acetaminophen for seven days following pre-
supplementation (p>0.05) as shown in Tables 1, 2 and 
Fig. 1. 

 

 
 

Fig. 1. Comparative description of plasma value of IL-2, TNF- α and IL-10 in rabbits overdosed with 
acetaminophen extra and supplemented with Guava (P. guajava) fruit juice 

 
Table 1. Mean and standard deviation of the plasma value OF IL-2, TNF- α and IL-10 in rabbits 
overdosed with acetaminophen extra and supplemented with Guava (Psidium guajava) fruit juice 

 

Parameter Group A rabbits 
(Control) 

Group B1  Group B2 Group C1  Group C2 

TNF-α pg/mL 1.8±0.1 5.1±0.5 2.9±0.3 1.9±0.2 2.3±0.3 

IL-2 pg/ml, 3.4 ± 0.4 4.0 ± 0.3 3.7 ± 0.3 3.6 ± 0.3 3.5 ± 0.3 

IL-10 pg/mL  4.3 ±0.2 7.3 ±0.4 5.6 ±0.3 4.0 ±0.3 5.3 ±0.2 

AST (IU/L) 9.0±2.0 20.0±2.0 12.0±1.0 7.0±2.0 8.0±2.0 

ALT (IU/L) 3.5±1.0 16.0±1.0 7.0±2.0 4.0±1.0 5.0±2.0 
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Table 2. Comparative analysis of plasma value of IL-2, TNF- α and IL-10 in rabbits overdosed with 
acetaminophen extra and supplemented with Guava (P. guajava) fruit juice 

 
  B1 vs A  C1 vs A B1 vs B2 C1 vs C2 
TNF-α  ‘t’ 6.47 0.45 3.77 -1.11 

‘p’ 0.01* 0.35 0.03* 0.19 
IL-2 ‘t’ 1.2 0.4 0.7 0.25 

‘p’ 0.18 0.36 0.28 0.42 
IL-10 ‘t’ 6.71 -0.83 3.4 -3.61 

‘p’ 0.01* 0.25 0.04* 0.03* 
AST ‘t’ 3.89 -0.6 3.58 -3.35 

‘p’ 0.03* 0.30 0.04* 0.38 
ALT  ‘t’ 8.84 0.35 4.02 -0.28 

‘p’ 0.006** 0.38 0.03* 0.40 
 

4. DISCUSSION  
 
The result obtained showed a significant increase in 
the plasma value of TNF-α, IL-10, AST, ALT in 
rabbits given 2,500 mg/kgBW of acetaminophen extra 
for seven days (B1) compared with the value of the 
parameters obtained from the control rabbits (A) 
These findings could be associated with the following 
facts that TNF-α, is a proinflammatory agent which 
according to Dinarello [6] that proinflammatory 
cytokines act to make disease worse which could be 
due to overdose of acetaminophen extra that might 
have caused hepatocellular damage and inflammation 
as signifies by increase in plasma ALT and AST in 
the plasma of the rabbits overdosed with 
acetaminophen extra. ALT amd AST particularly 
ALT are found in the liver and their plasma level 
increase in hepatocellular damage and inflammation 
[11-14]. IL-10 is an anti-inflammatory cytokine which 
may increase in plasma as a result of increase in 
proinflammatory cytokine specifically in this work 
TNF-α in order to reduce inflammation and promote 
healing. IL-10 could be released in excess to reduce 
the inflammation, plasma level of TNF-α, 
hepatotoxicity and to possibly act to heal the damaged 
hepatocyte may cause increase in the plasma level of 
IL-10 [6-10]. 
 

There was a significant decrease in the plasma value 
of TNF-α, IL-10, AST, ALT in rabbits given 20 
ml/kgBW of Guava (Psidium guajava) fruit juice for 
seven days (B2) compared with when the rabbit were 
given 2,500 mg/kgBW of acetaminophen extra for 
seven days (B1) .Decrease in TNF-α, ALT, AST and 
IL-10 in the plasma of the rabbits supplemented after 
acetaminophen extra overdose is an indication of 
reduction in hepatotoxicity and inflammation owing 
to the phytochemical bioactive antioxidant 
constituents such as Vitamin E, vitamin C flavonoids, 
lycopene (in the pink succulent part), moderate levels 
of folic acid, lutein and cryptoxanthin. These 
phytochemicals act as antiinflammation and antitoxin 

through their antioxidant bioactivities [1,2]. Excessive 
utilization of IL-10 to reduce the inflammation, TNF-
α, hepatotoxicity and to possibly act to heal the 
damaged hepatocyte may bring about decrease in the 
plasma level of IL-10 [7-10].  
 
There was also a significant increase in the plasma 
value of IL-10 in rabbit given 2,500 mg/kgBW of 
acetaminophen extra for seven days (C2) after the 
rabbits have been pre-supplemented with 20 
ml/kgBW of Guava (Psidium guajava) fruit juice for 
seven days.(C1). Increase in plasma level of IL-10 in 
rabbits that were pre-supplemented with guava fruit 
juice before they were overdosed with acetaminophen 
extra could be due to anti-inflammatory bioactivities 
of IL-10 and guava fruit juice as explained earlier. IL-
10 is an anti-inflammatory cytokine which plasma 
level increases to reduce inflammation and heal liver 
damage [4-6]. 
 

5. CONCLUSION  
 
Guava fruit juice has been demonstrated to reduce 
acetaminophen extra toxicity and inflammation of the 
liver (Hepatitis) as reflected by the significant 
alterations in the plasma levels of TNF-α, IL-10, AST 
and ALT.  
 

6. RECOMMENDATION 
 
The supplement could therefore be used to reduce 
acetaminophen extra induced hepatotoxicity. 
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