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INTRODUCTION
• Dimethylnitrosamine (DMN), a member of Nitrosamine family

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 through metabolic activation by
CYP2E1 (George et al., 2001; Kasprzyk-Hordern et al., 2005).

• The occurrence of dietary and environmental chemicals such
as 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).



Fig. 1: Key concepts involved in pathogenesis of hepatic fibrosis (Mormone et 
al., 2011)



INTRODUCTION
Vernonia amygdalina

Figure 2: Vernonia amygdalina leaves

• All parts of the plant are pharmacologically useful as the roots and 
leaves are used to treat fever, hiccups, kidney disease and stomach 
discomfort, among others (Gill, 1992, Hamoiona and Saffaf, 1994).

• In earlier studies, we reported presence of phytochemicals, minerals 
and nutritional components in Vernonia amygdalina (Usunobun and 
Okolie, 2015).

• We reported spillage of AST, ALT and ALP into bloodstream, increased 
MDA, Collagen, reduced SOD, CAT, GST in DMN administered fibrotic 
rats and a significant reversal by Vernonia amygdalina (Usunobun et 
al., 2015).



Figure 3: Annona muricata fruit and leaves

• Phytochemicals including flavonoids, saponins, alkaloids, tannins,  
ascorbic acid, beta-carotene as well as proximate and mineral 
composition of Annona muricata leaves have previously been 
reported (Usunobun et al., 2015; Usunobun and Okolie, 2015).

• Earlier  research on Annona muricata showed that a novel set of    
phytochemicals (Annonaceous acetogenins) found in the leaves, 
seeds and stem are cytotoxic against various cancer cells (Chang, 
2001; Chang, 2003; Liaw, 2002). 

INTRODUCTION



OBJECTIVES
The specific objectives of this study are to:

• To determine the effect of VAE and AME on oxidative 
stress parameters in DMN-induced fibrosis in albino rats.

• To determine the effect of VAE and AME on serum 
markers of hepato-toxicity in DMN-induced fibrosis in 
albino rats.

• To determine the effect VAE and AME on hepatocyte
integrity i.e histopathology in DMN-induced fibrosis in 
albino rats.

• To determine the effect of VAE and AME on expression of 
extracellular matrix (ECM) components in DMN-induced 
hepatic fibrosis in albino rats.



MATERIAL AND METHODS

STAGE 1
• Activity A: Plant collection, Identification and

Preparation

• Activity B: Extraction of plant leaves.

• Activity C : PREPARATION OF DMN
qDMN 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)



MATERIAL AND METHODS
STAGE 2: Effect of ethanolic leaf extracts of Vernonia amygdalina and 
Annona muricata against DMN-induced hepatic fibrosis.

• Extracts were administered orally for fourteen (14) consecutive days while 
rats in groups 3 and 4 received intraperitoneal dose of DMN (10mg/kg) on 
three (3) consecutive days of each week for two weeks.

• At the end of the experiment, rats were fasted for 12 to 14 hours and blood 
collected by cardiac puncture .  

• Serum and tissue collected was used for biochemical measurements

Groups No. of rats Treatment

1 7 Normal saline (control)

2 7 Vernonia amygdalina (100mg/kg) + Annona muricata
(100mg/kg)

3 10 Vernonia amygdalina (100mg/kg) + Annona muricata
(100mg/kg) + DMN (10mg/kg)

4 10 DMN alone (10mg/kg)



MATERIAL AND METHODS (CONT.)
BIOCHEMICAL ASSAYS
• Hyaluronic acid (HA) ELISA ASSAY (Chichibu et al., 1989, Lindqvist

et al., 1992)

• Total Collagen according to the method of  George et al.
(2001).

• ALT and AST according to the method of Reitman and Frankel 
(1957).

• Estimation of MDA as described by Ohkawa et al., (1979).

• Reduced Glutathione according to Ellman (1959).

• SOD according to Mistra and Fridovich (1972). 

• CAT according to Cohen et al (1970).



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 were expressed as mean value ± standard 

deviation (n=5). Differences between means of control and 
tested groups were determined by One way ANOVA using 
Statistical Package for social scientist (SPSS). A probability 
level of less than 5% (p˂0.05) was considered significant. 

• Mean values in each column having different superscript 
(a, b, c, d) are significantly different (p ˂ 0.05).



RESULTS AND DISCUSSION



Morphological and Behavioral changes
• There was tremor, depression and hypnosis in DMN alone rats as the 

usual smartness from day 1-7 was 100% low. 

• Also the DMN-alone rats had a drastic reduction in food and water 
intake and the rats were always lying down with their stomach. 

• Extreme lethargy and prostration were observed in the later stages of 
treatment in DMN alone rats. 

• DMN alone rats exhibited pilo-erection suggesting extreme sensitivity 
to ambient temperature. Eyes were pale, and some animals had 
labored respiration.

• Vernonia amygdalina (100 mg/kg) combined with 100 mg/kg Annona 
muricata and 10 mg/kg Dimethylnitrosamine (VAE+AME+DMN) 
group showed reduction in food intake as well as reduced hypnosis 
and depression but no tremors. 



Table 1: Effect of ethanolic leaf extracts of VAE and AME on Body 
weight and Relative Liver weight in DMN-induced hepatic fibrotic rats.

Treatment Body weight (g) Liver
Initial Final Weight 

gain/
loss (g)

Relative 
liver weight 

(%)

Control (normal saline) 153.33 ±
1.60

182.71 ±
3.73

+29.38 3.78 ± 0.04a

VAE (100mg/kg) + AME 
(100mg/kg)

184.70 ±
1.79

202.25 ±
8.44

+17.55 3.75 ± 0.04a

VAE (100mg/kg) + AME 
(100mg/kg) + DMN 
(10mg/kg)

202.78 ±
2.20

179.67 ±
5.03

-23.11 3.44 ± 0.12b

DMN alone (10mg/kg) 225.00 ±
6.37

176.25 ±
6.74

-48.75 2.70 ± 0.04c



Table 2 Effect of ethanolic leaf extracts of VAE and AME on Extracellular 
matrix (ECM) components in DMN-induced hepatic fibrotic rats.

•There was a linear increase in 
collagen  with a 3-fold increase 
observed in total collagen content 
, indicating establishment of 
hepatic fibrosis similar to previous 
reports (George et al., 2001; Mu 
et al., 2006). 

•The 3-fold increase in DMN-alone 
rats is consistent with 
histopathological evidence from 
the DMN treated rats as fibrosis 
and deposition of fibrous proteins 
were observed in the sinusoidal 
space.

Treatment Hyaluron
ic acid 

(ng/ml)

Total 
Collage
n 
(µg/ml)

Control (normal 
saline)

63.59 ±
12.78a

43.01 ±
2.45a

VAE (100mg/kg) + 
AME (100mg/kg)

65.90 ±
4.26a

42.17 ±
2.19a

VAE (100mg/kg) + 
AME (100mg/kg) 
+ DMN (10mg/kg)

195.80 ±
45.40b

59.76 ±
7.58b

DMN alone 
(10mg/kg)

455.54 ±
37.58c

126.08 
± 6.94c



Table 2 Effect of ethanolic leaf extracts of VAE and AME on Extracellular 
matrix (ECM) components in DMN-induced hepatic fibrotic rats.

•Decreased synthesis of 
collagenolytic enzymes by the 
impaired hepatocytes may have 
further contributed to the 
accumulation of collagen in the 
liver.

•VAE and AME extracts 
however significantly restored 
collagen levels, possibly by 
way of blocking the pathways 
to collagenesis or by increasing 
the levels of collagenolytic 
enzymes.

Treatment Hyaluron
ic acid 

(ng/ml)

Total 
Collage
n 
(µg/ml)

Control (normal 
saline)

63.59 ±
12.78a

43.01 ±
2.45a

VAE (100mg/kg) + 
AME (100mg/kg)

65.90 ±
4.26a

42.17 ±
2.19a

VAE (100mg/kg) + 
AME (100mg/kg) 
+ DMN (10mg/kg)

195.80 ±
45.40b

59.76 ±
7.58b

DMN alone 
(10mg/kg)

455.54 ±
37.58c

126.08 
± 6.94c



Table 2 Effect of ethanolic leaf extracts of VAE and AME on Extracellular 
matrix (ECM) components in DMN-induced hepatic fibrotic rats.

•The increase in hyaluronic acid 
could be explained by the 
increased synthesis of 
hyaluronic acid by activated 
stellate cells during fibrogenesis 
and simultaneous spillage into 
the blood stream along with AST 
and ALT. .

•The high level of hyaluronic 
acid may also be due to 
decrease in its degradation by 
degrading enzymes (Frazer et 
al., 1997).

Treatment Hyaluron
ic acid 

(ng/ml)

Total 
Collage
n 
(µg/ml)

Control (normal 
saline)

63.59 ±
12.78a

43.01 ±
2.45a

VAE (100mg/kg) + 
AME (100mg/kg)

65.90 ±
4.26a

42.17 ±
2.19a

VAE (100mg/kg) + 
AME (100mg/kg) 
+ DMN (10mg/kg)

195.80 ±
45.40b

59.76 ±
7.58b

DMN alone 
(10mg/kg)

455.54 ±
37.58c

126.08 
± 6.94c



Table 2 Effect of ethanolic leaf extracts of VAE and AME on Extracellular 
matrix (ECM) components in DMN-induced hepatic fibrotic rats.
•However, treatment  with VAE 
and AME erased the DMN 
intoxication and hyaluronic acid 
contents significantly decreased 
(p˂0.05) compared to DMN-alone 
intoxicated fibrotic rats. .

•The significant reduction in the 
hyaluronic acid content by the 
extracts have occurred by 
increasing the activity of 
Hyaluronic acid degrading enzymes 
may be due to the inhibition of 
serum inhibitors of Hyaluronidase 
(Mio et al., 2000). 

Treatment Hyaluron
ic acid 

(ng/ml)

Total 
Collage
n 
(µg/ml)

Control (normal 
saline)

63.59 ±
12.78a

43.01 ±
2.45a

VAE (100mg/kg) + 
AME (100mg/kg)

65.90 ±
4.26a

42.17 ±
2.19a

VAE (100mg/kg) + 
AME (100mg/kg) 
+ DMN (10mg/kg)

195.80 ±
45.40b

59.76 ±
7.58b

DMN alone 
(10mg/kg)

455.54 ±
37.58c

126.08 
± 6.94c



Table 3: Effect of ethanolic leaf extracts of VAE and AME on ALT and 
AST in DMN-induced hepatic fibrotic rats.

•DMN caused marked elevation in 
the levels of serum AST and ALT 
which is indicative of 
hepatocellular damage and 
consequent cytolysis of hepatic 
cells.

•The elevation could be attributed 
to the release of these enzymes 
from the cytoplasm into the blood 
circulation after rupture of the 
plasma membrane and cellular 
damage. 

Treatment ALT 
(U/l)

AST 
(U/l)

Control (normal 
saline)

14.67 ±
2.52a

18.33 ±
2.14a

VAE (100mg/kg) + 
AME (100mg/kg)

15.50 ±
2.12a

19.66 ±
2.05a

VAE (100mg/kg) + 
AME (100mg/kg) 
+ DMN (10mg/kg)

44.34 ±
9.74b

70.33 ±
2.51b

DMN alone 
(10mg/kg)

81.09 ±
9.20c

138.5±
8.49z



Table 3: Effect of ethanolic leaf extracts of VAE and AME on ALT and 
AST in DMN-induced hepatic fibrotic rats.
•The extracts treatment 
protected the liver cells 
against membrane damage 
by decreasing the leakage 
of serum enzyme markers 
into the blood stream by its 
membrane stabilizing 
activity, protection of 
structural integrity of 
hepatocytic cell membrane 
or regeneration of damaged 
liver cells.

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

Control (normal saline) 14.67 ±
2.52a

18.33 ±
2.14a

VAE  (100mg/kg) + 
AME (100mg/kg)

15.50 ±
2.12a

19.66 ±
2.05a

VAE (100mg/kg) + 
AME (100mg/kg) + 
DMN (10mg/kg)

44.34 ±
9.74b

70.33 ±
2.51b

DMN alone (10mg/kg) 81.09 ±
9.20c

138.5±
8.49z



Table 4 : Effect of ethanolic leaf extracts of VAE and AME on MDA  
and GSH in DMN-induced hepatic fibrotic  rats

•The high MDA level suggests that 
DMN-induced liver damage generates 
free radicals, which reacts with 
polyunsaturated fatty acids (PUFA) of 
hepatic microsomal system and cause 
rearrangement of the double bonds 
to generate diene conjugated lipids 
and thereby enhance oxidative stress. 

•The high MDA level may lead to 
decrease in the fluidity of the lipid 
phase of biomembrane, which will 
have important consequences in 
relation to many of the major 
metabolic functions dependant on 
membrane structure and integrity

Treatment Malondia
ldehyde
(U/mg 
wet 
tissue)

Reduce
d 
Glutathi
one
(µM/m
g 
protein)

Control 1.87 ±
0.28a

48.14±2
.98a

VAE (100mg/kg) + 
AME (100mg/kg)

1.25 ±
0.38a

56.89±
4.45a

VAE (100mg/kg) + 
AME (100mg/kg) + 
DMN (10mg/kg)

3.16 ±
0.08c

33.93±
1.24c

DMN alone 
(10mg/kg)

6.89 ±
0.11z

13.79±3
.44z



Table 4 : Effect of ethanolic leaf extracts of VAE and AME on MDA  
and GSH in DMN-induced hepatic fibrotic  rats

•However, treatment of rats with 
VAE and AME simultaneously with 
DMN alleviated the toxicity of DMN 
in rats shown by the significant 
depletion in MDA levels.

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

Treatment Malondia
ldehyde
(U/mg 
wet 
tissue)

Reduce
d 
Glutathi
one
(µM/m
g 
protein)

Control 1.87 ±
0.28a

48.14±2
.98a

VAE (100mg/kg) + 
AME (100mg/kg)

1.25 ±
0.38a

56.89±
4.45a

VAE (100mg/kg) + 
AME (100mg/kg) + 
DMN (10mg/kg)

3.16 ±
0.08c

33.93±
1.24c

DMN alone 
(10mg/kg)

6.89 ±
0.11z

13.79±3
.44z



Table 5 : Effect of ethanolic leaf extracts of  VAE and AME on 
SOD and CAT in DMN-induced hepatic fibrotic  rats.

•The reduction in liver SOD might 
be due to a continuous higher 
production of superoxide radical 
by the mitochondria of the 
damaged liver cells. 

•The reduction in the activity of 
CAT may result in a number of 
deleterious effects due to 
accumulation of highly toxic 
metabolites and hydrogen 
peroxide, thus the high MDA 
levels in DMN-treated rats. 

Treatment Superoxid
e 

dismutase 
(U/mg 
tissue)

Catalase
(U/mg 
tissue

Control 9.33 ±
0.58a

52.05 ±
3.33a

VAE (100mg/kg)+ 
AME (100mg/kg)

12.01 ±
0.51b

65.25 ±
3.74b

VAE (100mg/kg) 
+ AME 
(100mg/kg) + 
DMN (10mg/kg)

5.67 ±
0.99c

33.06 ±
2.13c

DMN alone 
(10mg/kg)

2.01 ±
0.10z

12.75±
4.97z



Table 5 : Effect of ethanolic leaf extracts of  VAE and AME on 
SOD and CAT in DMN-induced hepatic fibrotic  rats.

•Depletion in CAT, SOD and 
reduced GSH in DMN-treated rats 
might be attributed to the 
reduction in their biosynthesis 
during hepatocellular damage or 
their excessive utilization in 
scavenging the free radicals 
formed during the metabolism of 
DMN. 

•However, treatment with VAE and 
AME simultaneously with DMN 
significantly increased liver 
SOD, CAT and GST compared to 
DMN-alone rats.

Treatment Superoxid
e 

dismutase 
(U/mg 
tissue)

Catalase
(U/mg 
tissue

Control 9.33 ±
0.58a

52.05 ±
3.33a

VAE (100mg/kg)+ 
AME (100mg/kg)

12.01 ±
0.51b

65.25 ±
3.74b

VAE (100mg/kg) 
+ AME 
(100mg/kg) + 
DMN (10mg/kg)

5.67 ±
0.99c

33.06 ±
2.13c

DMN alone 
(10mg/kg)

2.01 ±
0.10z

12.75±
4.97z



Table 5 : Effect of ethanolic leaf extracts of  VAE and AME on 
SOD and CAT in DMN-induced hepatic fibrotic  rats.

•.The effect possibly involves the 
inhibition of lipid peroxidation, thus, 
their biological significance in 
eliminating reactive free radicals 
and significant restoration of 
antioxidant status in the tissue.

•Also, VAE and AME leaves contain 
phytochemical compounds such as 
flavonoids that might have 
converted free radicals to more 
stable products or that ensure 
direct stimulatory effect on 
antioxidant enzymes.

Treatment Superoxid
e 

dismutase 
(U/mg 
tissue)

Catalase
(U/mg 
tissue

Control 9.33 ±
0.58a

52.05 ±
3.33a

VAE (100mg/kg)+ 
AME (100mg/kg)

12.01 ±
0.51b

65.25 ±
3.74b

VAE (100mg/kg) 
+ AME 
(100mg/kg) + 
DMN (10mg/kg)

5.67 ±
0.99c

33.06 ±
2.13c

DMN alone 
(10mg/kg)

2.01 ±
0.10z

12.75±
4.97z



HISTOPATHOLOGY

Plate A: Control Rat Liver  showing liver parenchyma with central vein 
and radiating column of hepatocytes. Portal tracts appear normal 
(H&E x 40)

Plate 2: Rat Liver treated with 100mg/kg each of Annona muricata and 
Vernonia amygdalina sacrificed after day 14 showing mild vascular 
congestion  (H&E x 40).

A B



HISTOPATHOLOGY

Plate C: Rat Liver treated with DMN alone (10mg/kg) and sacrificed 
after 14 days showing well developed bridging fibrosis and early 
cirrhosis and hepatocytes hemorrhagic necrosis, extensive deposition 
of collagen(thick bands of dense connective tissue fibres ) 

Plate D: Plate 18: Rat Liver treated with Vernonia amydalina, Annona 
muricata (100mg/kg) and DMN(10mg/kg) and sacrificed after 14 days 
showing moderate hepatocyte preservation, mild hemorrhagic 
necrosis (H&E x 40)

C D



qCONCLUSION AND CONTRIBUTION TO KNOWLEDGE
• The broad distribution of phytochemicals, minerals and

antioxidants earlier reported may be responsible for the anti-
inflammatory, anti-fibrotic and free radical scavenging potential of
VAE and AME leaves against DMN toxicity.

• The anti-fibrotic effect of the AME and VAE may be attributed to
attenuating collagen and hyaluronic acid production by integrating
the elimination of free radicals, protection against damage and
apoptosis of hepatocytes.

• The protective effect of the extracts might also be due to
elevation/stability of antioxidant enzymes activity levels, indicating
that the extract could reduce the generation of free radicals and
increase activity of ECM degrading enzymes.



CONCLUSION AND CONTRIBUTION TO KNOWLEDGE
• Our study indicates that the molecular mechanism

of anti-fibrotic effects of Vernonia amygdalina and
Annona muricata leaves might be mediated by
suppression of hepatic inflammation particularly
inhibition of HSCs' activation via reduction of
oxidative stress, total collagen and hyaluronic acid.

• The present work has promising potential for a
versatile approach for linking various anti-fibrotic
agents and other classes of drugs to targeting
devices, leading to effective conjugates that can
stop or reverse the process of liver fibrosis.



FUTURE
• Isolation/fractionation of bioactive agents 

responsible for the anti-fibrosis.
• Genotoxicity studies.
• signaling molecules (Nuclear factor kappa-B (NF-

Kb), Cyclooxygenase-2 (COX-2), Tumor Necrosis 
factor-alpha/beta (TNFα/β), Transforming growth 
factor beta (TGFβ), Caspase 3-7 activity, platelet-
derived growth factor (PDGF), vascular endothelial 
growth factor (VEGF) etc.) in DMN-induced Fibrosis.

• ion-motive ATPases (Na+/K+ATPase, Ca+ ATPase, 
Mg2+ATPase) in DMN-induced Fibrosis.
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Showing preparation of DMN


