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INTRODUCTION
• Dimethylnitrosamine (DMN), is a member of a family of extremely

potent carcinogens, the N-nitrosamines (U.S. EPA, 2002).

• DMN is generated from the in situ reaction of dimethylamine (DMA)
with monochloroamine in the disinfection process or the nitrosation
of DMA by nitrite (Gerecke and Sedlak, 2003).

• DMN is a potent hepatotoxin, carcinogen and mutagen which exerts
its carcinogenic effects, causes fibrosis, cirrhosis and induces hepatic
necrosis in experimental animals through metabolic activation by
CYP2E1 (George et al., 2001; Kasprzyk-Hordern et al., 2005).

• DMN is activated by CYP2E1, which hydroxylates one methyl group.
The resulting hydroxymethylnitrosamine is unstable and decomposes
to formaldehyde, which is also used to quantify the metabolic rate,
and methyl diazonium ion, which methylates DNA and protein or
reacts with water to form methanol (Frei et al., 2001).



Figure 1. Metabolic pathway for DMN (Liteplo et al., 2002)



INTRODUCTION 
• The electrophilic intermediates produced by metabolic activation of 

nitrosamines, react rapidly with cellular nucleophiles and attention 
has been focused on reactions with DNA because this is generally 
considered to be the critical cellular target for carcinogens during 
tumor initiation (Sheweita, 2000). 

• The occurrence of DMN in our drinks and foods including fish, meat 
as well as fresh supermarket products is well established (Okafor and 
Ogbonna, 2003; Okafor and Nwogbo, 2005; Okafor et al., 2007, 
Griesenbeck, et al.,2009). 

• Non-dietary DMN sources include tobacco products, cosmetics and 
occupational exposures in rubber or rocket fuel factories and leather 
tanneries (Stepanov and Hecht, 2005; Bernert et al, 2005).

• In a food survey conducted by Domanska and Kowalski (2002), DMN 
was detected in 31.5% of analyzed samples with the major dietary 
sources being cooked meat products, cooked fish and spices. 



INTRODUCTION

• Also analysis of 280 samples of tinned food revealed that 46.1% 
contained DMN and/or N-nitrosopiperidine (NPIP) in the range of 
0.07-4.5µg/kg (Domanska and Kowalski, 2002). 

• Proksch (2001) reported the presence of DMN in rubber products 
including gloves, balloons, toys, baby bottle teats, soothers and 
condoms. 



INTRODUCTION
• Annona muricata
• Annona muricata belongs to the family Annonaceae, and it is wide 

spread in the tropics and frost–free subtropics of the world 
(Samson, 1980, De Feo, 1992).

• Annona muricata is commonly called graviola in Brazil, guanábana
in Spanish-speaking countries, and soursop in the United States and 
English speaking countries (Thompson, 2003; Blench and 
Dendo, 2007).

• Annona muricata is a small, upright evergreen tree, 5–7 m 
high, with large, glossy, dark green leaves that produces a 
large, heart-shaped, edible fruit that is 15–20 cm in diameter and 
green in color, with white flesh inside 
(Ivan, 2003, Taylor, 2002, Lans, 2006).



Figure 1: Annona muricata fruit and leaves
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INTRODUCTION
• Research on Annona muricata have shown that bioactive compounds including a 

novel set of phytochemicals (Annonaceous acetogenins) found in the leaves, seeds 
and stem in addition to antioxidant properties, are cytotoxic against various cancer 
cells (Chang, 2001; Chang, 2003; Liaw, 2002; Baskar et al., 2007).

• In a previous study, we reported the presence of flavonoids, saponins, tannins, 
alkaloids, cardiac glycosides, ascorbic acid and beta-carotene Annona muricata 
leaves (Usunobun et al., 2015).

• In our laboratory, we recently showed the richness of Annona muricata leaves in 
minerals such as Sodium, potassium, calcium, magnesium, iron. 

• We have also recently showed the in vitro concentration-dependent free radical 
scavenging potentials of Annona muricata leaf extract suggesting that the extract 
contain compounds capable of donating protons to the unpaired electron of the 
radicals.

• We are currently assessing the in vivo potential of Annona muricata leaves in the 
management of DMN-induced hepatic fibrosis and cirrhosis.



AIMS AND OBJECTIVES

This study is aimed at investigating the protective 
effect of Annona muricata leaves  in ameliorating DMN-
induced hepatotoxicity in rats.

The specific objectives of this study are to:
• To determine the effectiveness of extract of Annona 

muricata leaves in preventing biochemical and 
histological alterations in DMN-induced hepatic 
necrosis in albino rats



MATERIAL AND METHODS
Activity A: Plant collection, Identification and
Preparation

• Fresh leaves of Annona muricata were collected from
the tree in Upper sakponba in Benin City, Edo
state, Nigeria. The leaves were identified by Dr. Chris
Akoma, a Botanist in the Department of Basic
Sciences, Faculty of Basic and Applied
Sciences, Benson Idahosa University, Benin city, Edo
State.

• Fresh mature leaves of Annona muricata were
separated from the stalk, washed and air-dried at
room temperature (24ᵒC) and then
pulverized, crushed into fine powder and weighed.



MATERIAL AND METHODS
• Activity B: Extraction

Ethanolic extract of the plant was prepared by soaking
100g of the dry powdered Annona muricata leaf in
1000ml of absolute ethanol at room temperature for
48hrs. At the end of the 48hours, the extract was
filtered first through a Whatmann filter paper No. 42
(125mm) and then through cotton wool. The Annona
muricata ethanolic extract was concentrated using a
rotary evaporator with the water bath set at 60ᵒC to
one-tenth its original volume and then finally freeze
dried. The dry residue (crude extract) was then stored
at 4ᵒC. Portions of the crude plant extract were
weighed and dissolved in distilled water for use on each
day of our experiments.



MATERIAL AND METHODS
Activity G : PREPARATION OF DMN

q DMN used in this work was synthesized in a fume chamber at the Department of 
Biochemistry, University of Ibadan according to the method of Vogel (1971) as 
follows:

• A 100ml distilled flask was fitted with a condenser for downward distillation.
• 50g of dimethylamine hydrochloride was dissolved in 25ml of water and dilute 

sulphuric acid added until acid to Congo red paper.
• The resulting solution was placed in the distilled flask and a solution of 45g of 

pure sodium nitrite was added gradually.
• The mixture was distilled rapidly to dryness, with the nitrosamine passing over 

(although it is not visible as a separate layer) together with a little of the base 
as methylamine nitrite. 

• To remove the latter, the distillate was redistilled with a little more dilute 
sulphuric acid. 

• Excess solid potassium carbonate was then added to the distillate; nitrosamine 
appearing as a yellow oil.

• The yellow oil was then separated and treated with more solid potassium 
carbonate, removing the water layer as it appears, until no further action occurs. 

• Finally the liquid was transferred to a small flask and dried over fresh anhydrous 
potassium carbonate. 

• Distillation was from a 100ml flask and the DMN collected at 150-151 degrees



MATERIAL AND METHODS

Effect of ethanolic leaf extracts of Annona muricata against acute DMN 
toxicity.

• Twenty-eight (28) male wistar albino rats divided into four groups of
6 - 8 rats each weighing between 160-195g were used. 

• Rats purchased from the Animal Unit facility of the University of Ibadan,
Oyo state, Nigeria, were housed in wooden cages in the animal house of the
Department of Biochemistry, Benson Idahosa University .

• The rats maintained under controlled temperature (± 23°C) and a 12:12 h
light/dark cycle, were housed for one week after their arrival to the animal
house for acclimatization.

• The rats had free access to drinking water and normal pellet diet (NPD) ad
libitum until they were assigned to individual groups.



MATERIAL AND METHODS
Effect of ethanolic leaf extract of Annona muricata against 
acute DMN toxicity.

• Extract was administered orally for seven (7) consecutive days while rats in 
groups 3 and 4 received a single oral acute dose of DMN (20mg/kg) 
48hours before sacrifice. 

• The body weight in grams (g) of the rats were measured on the first and 
last day. 

Groups No. of rats Treatment

1 6 Control (normal saline)

3 6 Annona muricata alone (400mg/kg)

5 8 Annona muricata (400mg/kg)+ DMN (20mg/kg)

7 8 DMN alone (20mg/kg)



MATERIAL AND METHODS

Effect of ethanolic leaf extracts of Vernonia amygdalina and Annona 
muricata against acute DMN toxicity.

q Blood Sample Preparation
• At the end of the experiment, rats were fasted for 12 to 14 hours.

• Blood was collected by cardiac puncture from the rats at fasting state
without the use of anticoagulant.

• Blood was collected in plain tubes and was allowed to stand for 45 min
before being centrifuged at 5,000 rpm for 20 min to obtain serum for
analysis.

• The clear, non-haemolysed supernatant was separated using clean dry
Pasteur pipette and stored at -20°C.

• Serum was used for subsequent biochemical measurements as follows:
lipid profile, kidney function status, liver function and synthetic activities



MATERIAL AND METHODS
Effect of ethanolic leaf extracts of Vernonia amygdalina and Annona 
muricata against acute DMN toxicity.

q Tissue Sample Preparation
• The liver were immediately excised and washed three times in ice

cold saline.

• A portion of the weighed liver was fixed in 10% phosphate
buffered formalin for histopathological examinations and the
remaining part stored at 20ᵒC for biochemical analysis.

• 10% tissue homogenate of the stored liver tissues were prepared
in physiological saline. The homogenate was centrifuged at 5000 xg
for 15 minutes and a clear supernatant obtained used for
determining malondialdehyde (MDA), superoxide dismutase (SOD),
catalase (CAT) and reduced glutathione (GSH)



MATERIAL AND METHODS (CONT.)
Ø Alanine aminotransferase (ALT) according to the method of 

Reitman and Frankel, 1957
§ Principle: ALT catalyzes the transfer of amino group from L-alanine 

to α-oxoglutarate to form L-glutamate and pyruvate. ALT is 
measured by monitoring the concentration of pyruvate hydrazone 
formed with 2,4-dinitrophenylhydrazine.
α-oxoglutarate + L-alanine →L-glutamate + Pyruvate

Ø Aspartate aminotransferase (AST) according to the method of 
Reitman and Frankel, 1957.

• Principle:(AST)  catalyzes the transfer of amino group from L-
aspartate to α-oxoglutarate to form L-glutamate and oxaloacetate. 
AST is measured by monitoring the concentration of oxaloacetate 
hydrazone formed with 2, 4-dinitrophenylhydrazine.

α-oxoglutarate + L-aspartate →L-glutamate + Oxalaoacetate



MATERIAL AND METHODS (CONT.)
Ø Alkaline Phosphatase (ALP) according the method of Burtis et al., 1994
• Principle: ALP is based on the method that p-nitrophenylphosphate is 

hydrolyzed by the enzymes of p-nitrophenol and phosphate. In an 
alkaline, the product, p-nitrophenol gives a yellow colour which absorbs 
maximally at 412nm.
P-nitrophenylphosphate + H2O → Phosphate + P-nitrophenol

Ø Gamma-glutamyltransferase (γ-GT) according to the method of Sasz, 1969.
• Principle: L-ɤ-GT catalyzes the transfer of a ɤ-glutamyl group from L-γ-

glutamyl-3-carboxyl-4-nitroanilide. The rate of liberation of 5-amino-2-
nitrobenzoate is directly related to the γ-GT activity in the sample and is 
quantified by measuring the increase in absorbance at 405nm.
L-γ-glutamyl-3-carboxyl-4-nitroanilide + glycylglycine

↓γGT
L-γglutamylglycylglycine + 5-amino-2-nitrobenzoate



MATERIAL AND METHODS (CONT.)
Ø Determination of Total protein according to the method of 

Lowry et al.,1951.
• Principle: This method is based on the fact that peptide 

linkages in amino acids of protein react with copper in an 
alkaline solution to form a colour complex, violet which is 
read at 540nm. 

Ø Determination of serum albumin according to the method 
of Doumas et al, 1971.

• Principle: The measurement of serum albumin is based on 
its quantitative binding to the indicator 3,3`,5,5`-tetrabromo-
m cresol sulphonephthalein (bromocresol green, BCG). The 
albumin-BCG-complex absorbs maximally at 578nm, the 
absorbance being directly proportional to the concentration 
of albumin in the sample.



MATERIAL AND METHODS (CONT.)
Ø Estimation of serum total bilirubin according to the method of 

Jendrassik and Grof (1938).
• Principle: Bilirubin is coupled with diazotized sulphanilic acid in 

acidic medium to form the pink colored azobilirubin. The 
intensity of the color measured at 560nm is directly 
proportional to the amount of the total bilirubin concentration 
present in the sample.

Ø Estimation of Serum Urea according to the method of Fawcett 
et al., 1960.

• Principle: Urea in serum is hydrolysed to ammonia in the 
presence of urease. The  ammonia is then measured 
photometrically by Berthelot’ reaction at 546nm.

Urease
Urea + H2O → 2NH3 + CO2

NH3 + hypochlorite + phenol  → indophenol (blue compound)



MATERIAL AND METHODS (CONT.)

• Determination of Creatinine: according to the 
method of Bartels et al., 1972

• Principle : Creatinine reacts with picric acid in 
alkaline medium to produce reddish yellow color 
complex which is measured at 492nm. 
Concentration of creatinine is directly 
proportional to the colour intensity of reddish 
yellow colour.

Alkaline medium
Crea�nine + Picric acid → Crea�nine picrate



MATERIAL AND METHODS (CONT.)
Ø Determination of Triglycerides as described by Jacobs and

VanDemark (1960); Koditschek and Umbreit (1969) and
Trinder (1969).

• Principle: The triglycerides are determined after
enzymatic hydrolysis with lipases. The indicator is a
quinoneimine formed from hydrogen-peroxide, 4-
aminophenazone and 4-chlorophenol under the catalytic
influence of peroxidase.

• Determination of cholesterol by as described by Allian et 
al, 1974 and Roeschlaw et al, 1974.

• Principle: The cholesterol is determined after enzymatic 
hydrolysis and oxidation. The indicator quinoneimine is 
formed from hydrogen peroxide and 4-aminoantipyrine in 
the presence of phenol and peroxidase.



MATERIAL AND METHODS (CONT.)
Ø Estimation of Malondialdehyde (MDA) as described by 

Ohkawa et al., 1979.
• Principle: When heated with thiobarbituric acid (TBA) 

under acid condition, it forms a pink-coloured product 
which absorbs maximally at 535nm. The intensity of 
absorption is a measure of the concentration of MDA.

Ø Estimation of Reduced Glutathione according to Ellman
(1959).

• Principle: The principle is based on the reduction of 5,5 
dithiobis (2-nitrobenzoic acid) (DTNB) with reduced 
glutathione (GSH) to produce a yellow compound. The 
reduced chromogen is directly proportional to GSH 
concentration and its absorbance can be measured at 
412 nm.



MATERIAL AND METHODS (CONT.)
Ø Superoxide Dismutase (SOD) assay according to Mistra

and Fridovich (1972). 
• Principle: Adrenaline auto-oxidizes rapidly in aqueous 

solution to adrenochrome whose concentration can be 
determined at 420 nm using a spectrophotometer. The 
enzyme SOD inhibits the auto-oxidation of adrenaline by 
catalysing the breakdown of superoxide anions. The degree 
of inhibition is thus a reflection of the activity of SOD and is 
determined at one unit of the enzyme activity.

• Catalase activity according to the method of Cohen et al., 
(1970)

• Principle: This method is based on the measurement of the 
rate of decomposition of H2O2 after the addition of the 
material containing the enzyme by reacting it with excess 
KMnO4  and then measuring the residual KMnO4
spectrophotometrically at 480nm.



MATERIAL AND METHODS (CONT.)

• HISTOPATHOLOGICAL ANALYSIS
The organs fixed in 10% formalin were trimmed into 5mm 
thick and dehydrated through graded concentrations of 
ethanol (70%, 95% and absolute ethanol) cleared in 
xylene and embedded in paraffin wax. The embedded 
tissues were sectioned at 6µm thickness and tissues were 
stained with haematoxylin and eosin (H and E) for light 
microscopic examination/observation. The sections were 
observed and photographed at various magnification 
using Vanox-T Olympus photographing microscope.



MATERIAL AND METHODS (CONT.)

ØStatistical analysis
• Data obtained from this study were expressed as mean 

value ± standard deviation. Differences between means 
of control and tested groups were determined by One 
way ANOVA using Statistical Package for social scientist 
(SPSS). The mean differences were compared with the 
Duncan multiple range test. A probability level of less 
than 5% (p˂0.05) was considered significant. 



RESULTS AND DISCUSSION (CONT.)
Table 3.6: Effect of ethanolic leaf extract of Annona muricata on 
Body weight in acute DMN toxicity in wistar rats.

Values are expressed as Mean ± SD, (n=6), AME = Annona muricata, DMN = Dimethylnitrosamine

Treatment Initial body 
weight (g)

Final body 
weight (g)

Weight gain 
(g)

Control (normal saline) 166.20 ± 1.47 188.00 ± 4.55 21.80 ± 3.08

AME alone (400mg/kg) 163.43 ± 2.87 190.50 ± 6.02 27.07 ± 3.15

AME (400mg/kg) + DMN (20mg/kg) 174.40 ± 3.20 189.43 ± 9.39 15.03 ± 6.19 

DMN alone (20mg/kg) 192.29 ± 2.76 199.17 ± 6.86 6.87 ± 4.10



RESULTS AND DISCUSSION (CONT.)
Table 3.8: Effect of ethanolic leaf extracts of Annona muricata on serum 

Liver function enzymes in acute DMN toxicity.

Values are expressed as Mean ± SD, (n=5), AME = Annona muricata, DMN = Dimethylnitrosamine, 
AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, ALP = Alkaline phosphatase, 
GGT = Gamma-glutamyltransferase

Mean values in each column having different superscript (a, b, C) are significantly different (p ˂ 0.05)
while mean values with same superscript is not significantly different (p ˂ 0.05)

Treatment AST (U/l) ALT (U/l) ALP (U/l) GGT (U/l) 

Control (normal saline) 19.50 ± 2.18a 13.50 ± 1.66a 25.67±1.25a 14.01±1.01a

AME alone (400mg/kg) 20.00 ± 4.24a 12.00 ± 3.16a 25.00±3.56a 12.53±1.97a

AME(400mg/kg) + DMN 
(20mg/kg)

115.50 ± 5.06b 74.25 ± 2.68b 49.02±2.82b 30.01±1.52b

DMN alone (20mg/kg) 198.00 ± 5.41c 135.25 ± 5.26c 89.67±2.06c 49.00±2.02c



RESULTS AND DISCUSSION (CONT.)
Table 3.9: Effect of ethanolic leaf extracts of  Annona muricata on serum 

Liver synthetic ability in acute DMN toxicity.

Values are expressed as Mean ± SD, (n=5), AME = Annona muricata, DMN = Dimethylnitrosamine.

Mean values in each column having different superscript (a, b, c,) are significantly different (p ˂ 0.05) 
while mean values with same superscript is not significantly different (p ˂ 0.05)

Treatment Total Protein 
(g/dl)

Albumin 
(g/dl)

Total Bilirubin
(mg/dl)

Control (normal saline) 7.50 ± 0.28a 4.53 ± 0.05a 0.69 ± 0.11a

AME alone (400mg/kg) 7.23 ± 0.22a 4.47 ± 0.13a 0.74 ± 0.14a

AME(400mg/kg) + DMN (20mg/kg) 5.50 ± 0.94b 2.47 ± 0.26b 1.55 ± 0.06b

DMN alone (20mg/kg) 3.97 ± 0.60c 1.73 ± 0.87c 2.94 ± 0.03c



q Effect of ethanolic leaf extracts of Annona muricata on liver 
function activities in acute DMN toxicity.

• AST, ALT and ALP are enzymes present in higher concentrations in 
cytoplasm , but when there is hepatopathy, these enzymes leak 
into blood stream in conformity with the extent of liver damage 
(Venukumar and Latha, 2004).

• GGT and ALP are membrane-bound enzymes, which are released 
unequally depending on the pathological phenomenon.

• The abnormally high levels of serum AST, ALT, ALP, GGT and total 
bilirubin is a consequence of DMN-induced liver damage. 

• Also, alterations in GGT and ALP are likely to affect membrane 
permeability and produce derangement in the transport of 
metabolites.



qEffect of ethanolic leaf extracts  of Annona muricata on 
liver function activities in acute DMN toxicity (Contd.).

• The decrease in AST, ALT, ALP, GGT and total bilirubin levels 
by the extracts in tested groups, indicates the protection of 
structural integrity of hepatocytic cell membrane or 
regeneration of damaged liver cells.

• Total bilirubin reduction in the extract pre-treated groups 
may be due to the inhibiting effects on cytochome P450 
or/and promotion of its glucuronidation. It is also possible 
that the extracts induced UDP-glucuronosyl transferase
that catalyzed the conjugation of bilirubin thereby 
increasing its hydrophilicity and subsequent excretion.

• The decrease in serum total protein observed in DMN 
treated rats may be associated with the decrease in the 
number of hepatocytes which in turn may have led to the 
decreased hepatic capacity to synthesize protein.



q Effect of ethanolic leaf extracts  of Annona muricata on liver function 
activities in acute DMN toxicity (Contd.).

• The  drop in serum albumin level may be the result of decreased 
protein synthesis by the liver or increased protein loss through 
the gut or the kidney. Other possible causes of decrease in 
albumin may include malabsorption and increased protein need 
secondary to infection.

• The efficacy of any hepatoprotective drug is dependent on its 
capacity of either reducing the harmful effect or restoring the 
normal hepatic physiology that has been disturbed by a 
hepatotoxin. 

• The significant restoration of the level of serum total protein 
and albumin on extracts pre-treatment is a reflection of the 
hepatoprotective nature of these plants



RESULTS AND DISCUSSION (CONT.)
Table 3.10: Effect of ethanolic leaf extracts of Annona muricata on serum 
Creatinine, Urea, Total cholesterol and Triglyceride levels in acute DMN toxicity.

Values are expressed as Mean ± SD, (n=5), AME = Annona muricata, DMN = Dimethylnitrosamine.

Mean values in each column having different superscript (a, b, c) are significantly different (p ˂ 0.05) 
while mean values with same superscript is not significantly different (p ˂ 0.05)

Treatment Creatinine
(mg/dl)

Urea
(mg/dl)

Triglyceride 
(mg/dl)

Total 
Cholesterol 

(mg/dl)

Control (normal saline) 0.70 ± 0.08a 30.00 ± 6.56a 91.50 ± 2.54a 90.50 ± 10.45a

AME alone (400mg/kg) 0.60 ± 0.10a 27.33 ± 2.08a 84.00 ± 11.01a 85.00 ± 7.58a

AME(400mg/kg) + DMN 
(20mg/kg)

1.00 ± 0.14b 59.33 ± 10.50b 123.00 ± 4.00b 137.75 ± 7.50b

DMN alone (20mg/kg) 1.27 ± 0.05c 92.00 ± 4.56c 138.50 ± 8.03c 165.50 ± 4.03c



q Effect of ethanolic leaf extract of Annona muricata on serum total 
cholesterol and triglyceride in acute DMN toxicity.

• Alterations in the concentration of major lipids of animals such as 
cholesterol and triglycerides can give useful information on lipid 
metabolism as well as predisposition of the animals to 
cardiovascular risk (Yakubu et al., 2008).

• The increase in cholesterol in DMN intoxicated rats might have 
resulted from damage of hepatic parenchymal cells that lead to 
disturbance of lipid metabolism in liver. 

• Its also possible that damage to the liver by DMN affected reverse 
cholesterol transport due to decreased synthesis of HDL-
cholesterol leading to elevated serum cholesterol.

• In addition since LDL and VLDL are produced and degraded in the 
liver (Gillian-Daniel et al., 2002), DMN-induced damage may have 
affected the capacity of the liver to degrade LDL and VLDL leading 
to hypercholesterolemia.



q Effect of ethanolic leaf extracts of Annona muricata on serum total 
cholesterol and triglyceride in acute DMN toxicity (Contd.).

• Extracts pre-treatment prior to DMN-administration caused 
significant reduction in serum total cholesterol, probably due 
to marked reduction of VLDL cholesterol.

• It is possible the extracts prevented an increase in cholesterol 
level by inactivation of HMG-CoA reductase the rate-limiting 
enzyme for cholesterol biosynthesis.

• The significant reduction in the concentration of total 
cholesterol and triglyceride by the extracts compared to 
DMN-alone rats may be due to the presence of antioxidants 
and hypolipidaemic agents and this could be due to a 
decrease in absorption of cholesterol or an increase in HDL 
cholesterol.



q Effect of ethanolic leaf extracts of Annona muricata on Creatinine and Urea in 
acute DMN toxicity.

• Creatinine, urea and uric acid are major catabolic products of muscle, 
protein and purine metabolism respectively. 

• In this study, increase in serum creatinine and urea levels in DMN 
administered rats may be attributed to a compromised renal functional 
capacity.

• DMN intoxication might have interfered with creatinine and urea 
metabolism leading to increased synthesis or it might have compromised all 
or part of kidney functional capacity in tubular and glomerular excretion.

• Marked increase in serum urea and creatinine, as noticed in this study, may 
be an  indication of functional damage to the kidney as the kidney is unable 
to excrete them. 

• However, pre-treatment with extracts of 400mg/kg Annona muricata prior 
to DMN administration significantly lowered the serum urea and creatinine
levels, thus enhancing renal function.



RESULTS AND DISCUSSION (CONT.)
Table 3.12: Effect of ethanolic leaf extract of Annona muricata on Oxidative stress 
parameters in acute DMN toxicity.

Values are expressed as Mean ± SD, (n=5), AME = Annona muricata, DMN = 
Dimethylnitrosamine, MDA=Malondialdehyde, GSH=Reduced glutathione, SOD=Superoxide  
dismutase, CAT=Catalase

Mean values in each column having different superscript (a, b, c, d, z) are significantly different (p ˂ 0.05) 
while mean values with same superscript is not significantly different (p ˂ 0.05)

Treatment MDA (U/mg
wet tissue)

GSH (µM/mg 
tissue)

SOD (U/mg 
wet tissue)

CAT (U/mg wet 
tissue)

Control (normal saline) 2.75 ± 0.19a 50.34 ± 4.42a 10.03 ± 0.99a 51.83 ± 1.21a

AME alone (400mg/kg) 2.23 ± 0.14z 61.59 ± 2.26z 13.76 ± 0.85z 58.70 ± 0.98z

AME(400mg/kg) + DMN 
(20mg/kg)

4.04 ± 0.09b 36.76 ± 1.73b 6.58 ± 0.51b 35.46 ± 0.82b

DMN alone (20mg/kg) 6.19 ± 0.14c 22.02 ± 2.68c 4.29 ± 0.11c 23.78 ± 1.22c



q Effect of ethanolic leaf extract of Annona muricata on oxidative 
stress parameters in acute DMN toxicity.

• Oxidative stress has been implicated as a factor that contributes 
to various forms of cell death as free radicals react with lipids 
causing peroxidation, resulting in the release of products such 
as malondialdehyde, hydrogen peroxide, and hydroxyl radicals 
(Pomplla et al., 1991). 

• The increase in MDA indicates increased oxidative damage to 
cell membranes, inhibition of several important enzymes, 
reduced cellular function, and cell death.

• The observed decrease in liver GSH in DMN-treated rats may be 
due to non-enzymatic interaction of GSH with excessive free 
radicals generated by the toxic insult in rat liver. 

• The reduced MDA may be related to the antioxidant properties 
of the phytochemical compounds found in the extracts.



Plate 1: Control rat liver composed of portal vein A, hepatocytes B separated by 
sinusoids C (H&E x 100)

B

A

RESULTS AND DISCUSSION (CONT.)

C



Plate 3: Rat liver treated with single plant extract of Annona muricata (400mg/kg) for 
7 days showing slightly unremarkable hepatocytes A and moderate vascular 
congestion B  (H&E x 100)

RESULTS AND DISCUSSION (CONT.)

A

B



Plate 5: Rat liver treated with 400mg/kg Annona muricata for 7 days followed by 
20mg/kg DMN on day 8 showing focal haemorrhagic necrosis A and viable 
hepatocytes B (H&E x 100)

RESULTS AND DISCUSSION (CONT.)

A

B



Plate 7: Rat Liver treated with 20mg/kg DMN for 48 hours showing severe 
parenchymal haemorrhage and necrosis.

RESULTS AND  DISCUSSION(CONT.)

A

B



qEffect of ethanolic leaf extracts of Vernonia amygdalina and 
Annona muricata on histology in acute DMN-induced 
toxicity.

• Histopathological study of structure and chemical composition 
of tissues of animals are related to their function. 

• In this study, when the rats were treated with DMN alone, the 
liver exhibited massive and severe haemorrhagic necrosis at the 
centrilobular zone as well as severe vacuolation of hepatocytes. 

• However, pre-treatment with extracts 400mg/kg Annona muricata
prior to DMN administration mitigated the above histopathological
changes as the integrity of the hepatocytes were relatively well 
preserved by inhibiting further tissue necrosis and inflammatory 
cell infiltration. 



CONCLUSION
• The broad distribution of phytochemicals, minerals 

and antioxidants may be responsible for the anti-
inflammatory, anti-necrotic and free radical 
scavenging potential of Annona muricata leaves 
against acute DMN toxicity.

• The protective effect of the extract might be due to 
elevation/stability of tissue antioxidant defense 
enzymes activity levels, indicating that the plants 
extract could reduce the generation of free radicals 
and increase free radicals scavenging mechanism.
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