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Abstract: Some biochemical and histological effects of consumption of Musa paradisiaca-supplemented diet
in hepatotoxic rats were investigated. Twenty-four rats were divided into four hepatotoxic and non-hepatotoxic
groups and fed a Musa paradisiaca-supplemented diet. The parameters measured included alanine
transaminase, aspartate transaminase, total protein, glucose, total triglyveerides, total cholesterol, reduced
glutathione, lipid peroxidation and packed cell volume. Histological changes in tissue sections of liver and
testes were also examined. The results obtained showed that alanine transaminase and aspartate transaminase
did not significantly change except in the hepatotoxic control group which showed an increase in aspartate
transaminase. Cholesterol and triglycerides were significantly (p<0.05) mcreased in the hepatotoxic group fed
Musa paradisiaca-supplemented diet. Protein and reduced glutathione levels were sigmficantly (p<0.05)
increased in non-hepatotoxic rats fed Musa paradisiaca-supplemented. Lipid peroxidation, glucose and PCV
levels were not significantly altered in all the groups. The consumption of a Musa paradisiaca-supplemented
diet did not significantly change the weight of the arumals. Histological observations of tissue sections of liver
showed necrosis in the hepatotoxic rats and varying regeneration in the groups fed Musa paradisiaca-
supplemented diet while there were no changes in the histology of the testes in all the groups.

Key words: Musa paradisiaca, alamine transaminase, aspartate transaminase paracetamol, plant food,
triglycerides, cholesterol, reduced glutathione

INTRODUCTION

Several tropical plant foods have been reported to
have hepatoprotective properties (Bitsindou and Lejoly,
1993, Tweala and Osundiya, 2010). This is due to their
content  of  phytochemicals  such as phenolic
compounds, alkaloids, coumarins, flavonoids and lignans
(Sharma et al., 2002). Tropical fruits such as plantain
constitute a staple food crop and contribute substantially
to the of sub tropical local populations
(Strosse et al., 2006). Starch 1s the mamn component of
plantain as well as proteins, fats, ash and dietary fiber
(Juarez-Garcia et al., 2006). However there are differences
in nutritional composition between varieties and hybrids
(Amankwah et af., 2011). Plantains are known to be a great
source of calcium, vitamms A, Bl, B2, B3, B6, C and
minerals such as potassium  and phosphorous
(Dzomeku et al., 2007a). Musa paradisiaca 1.. (Plantain)
belong to the Musaceae family which are evergreen
tropical giant herbs whose fruits can be consumed either
as ripe and unripe in several forms; it is either boiled, fried,
roasted, steamed, baked or grilled. Other products derived

nutrition

from plantain are chips and flour (Nwokocha and
Williams, 2009, Agoreyo et al., 2007; Robinson, 1996;
Gopinath, 1995). Studies showed that consumers of
plantain prefer certain varieties and processed products
(Dzomeku et al., 2007b, 2006). In addition, Plantain is
employed in folklore management of diseases such as
diabetes, ulcer and wound healing due to its
hypoglycemic, anti-ulcerogenic and analgesic properties
(Ojewole and Adewunmi, 2003; Eriyamremu et al., 2007,
Alvarez-Acosta et al., 2009; Ingale et al., 2009). Recently,
the active mgredient for the anti-ulcerogenic properties of
plantain banana has been identified as the flavonoid
leucocyanidin (Lewis and Shaw, 2001). In spite of the high
potential of plantain to generate income, its cultivation is
limited by lack of improved varieties (Danky1 et af., 2007).
Also  plantams  especially those cultivated in
contaminated soils tend to bicaccumulate heavy metals
(Idodo-Umeh and Ogbeibu, 2010).
especially drug-induced hepatotoxicity constitute a
major cause of morbidity and mortality m man
(Ostapowicz et al., 2002). In Nigeria, hepatic damage and
other biochemical effects resulting from the abuse of
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drugs such as paracetamol may not be apparent due to its
high tolerance and regular consumption of a wide array of
plant foods such as unripe plantain. This is the basis of
this preliminary study aimmed at mvestigating the
hepatoprotective potentials and other biological effects
associated with consumption of unripe fruits of Plantain
in paracetamol-induced hepatotoxic rats.

MATERIALS AND METHODS

This study was carried out between 7th December,
2009 and 7th March, 2010 at the department of Biological
Sciences, Covenant University, Ota, Ogun State, Nigeria.

Processing of Musa paradisiaca 1.. (Plantain) fruits:
Fresh unripe fruits of Musa paradisiaca L. (Plantain)
purchased from a local market in Ota, Ogun state, South-
Western Nigeria were washed, peeled, cut mto small
pieces, air-dried and ground to a coarse powdered form
with a hammermill. The proximate composition of the
powdered Musa paradisiaca fruits was determined
according to the procedure of AOAC (1975) and
considered in the formulation of experimental diets.

Formulation of experimental diets: Two experimental
diets namely control diet and Musa paradisiaca-
supplemented diets were formulated using commercially
available feedstuffs including maize, corn flour, fish meal,
groundnut meal, bone meal and vitamin premix. The
control diet was formulated without mcorporation of
Musa paradisiaca  fruit powder while the Musa
paradisiaca-supplemented diets were formulated by
incorporating 10% of Musa paradisiaca fruit powder.

Experimental design: Twenty-four male albino rats
(Wistar strain) aged four to six weeks old and with an
average weight of 50-80 g were selected for the study. The
rats were randomly distributed mto four experimental
groups including non-hepatotoxic control, hepatotoxic
control, non-hepatotoxic fed 10% Musa paradisiaca-
supplemented diet and hepatotoxic fed 10% Musa
paradisiaca-supplemented diet. The rats
hepatotoxic control and hepatotoxic control groups were
fed control diet while those in non hepatotoxic fed 10%
Musa paradisiaca- supplemented diet and hepatotoxic fed
10% Musa paradisiaca-supplemented diet groups were
fed 10% Musa paradisiaca-supplemented diet. All the
ammals were given thewr various feed and water
ad Libitum for sixty (60) days. Seven days prior to the end
of feeding, hepatotoxicity was induced in animals in the
hepatotoxic  experimental groups by daily oral
administration with 3 g kg™ body weight of paracetamol
while those in non-hepatotoxic groups were administered

mn non-
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with the vehicle (distilled water) only. The weight of
ammals in all the groups were measured weekly
throughout the experimental period. All the animal
experiments were approved by the Covenant University
institutional animal ethics committee in accordance with
the guidelines of Committee for the Purpose of
Supervision and Control of Experiments on Animals
(CPCSEA, 2003).

Collection of blood and tissue samples: At the end of
feeding, all the animals were anesthetized and blood
samples collected in heparinized bottles while serum
samples were collected in non heparinized bottles and
allowed to clot before being centrifuged at 5000 rpm
for 10 min.

The livers and testes were quickly excised, washed
and preserved in 10% formyl saline for histological
studies.

Determination of biochemical parameters: Serum levels
of aspartate (AST) and alanine
aminotransferase (ALT) and blood glucose levels were
determined using test kits produced by Cypress
diagnostics, Belguim. Triglycerides and cholesterol were
determined using test kits supplied by Linear chemicals
SL, Spain. Total protein was determined by the Lowry
method (Lowry et al., 1951). Reduced glutathione was
determined according to the method described by Ellman
(1959). Lipid peroxidation was determined by the TBARS
method of Buege and Aust (1978). PCV was determined
according to methods described by Dacie and Lewis
(1990).

aminotransferase

Histological examination of tissues: Paraffin tissue
sections (5-10 p) of liver and testes were prepared, stained
with haematoxylin-eosin and mounted in a neutral
medium. Histological examinations were done on the
tissues according to procedures described by Disbrey
and Rack (1970).

Statistical analysis: Data obtamned are expressed as
Mean+SEM for triplicate determinations. Omne-way
Analysis of Variance (ANOVA) for a completely
randomized design was used to analyze data. Values were
considered sigmficant at p<0.05. All the statistics were
estimates done with SPSS software.

RESULTS AND DISCUSSION
Paracetamol 1s usually classified along with non-

steroidal anti-inflammatory drugs (NSATDS), but is not
considered one, rather 1s part of the class of drugs known



Int. J. Pharmacol., 7 (4): 471-477, 2011

as aniline analgesics. Hepatic damage in humans and

ammals associated with ligh doses of such
analgesics 13 linked to one of ther highly reactive
metabolite called N-acetyl-p-benzoquinoneimine (NAPQI)
(Ray et al, 1996). NAPQI rapidly reacts with hepatic
reduced glutathione (GSH) leading to its depletion and
resulting in hepatocellular damage (Mitchell ef al., 1973).
Several plant products have been investigated for their
hepatoprotective properties using Paracetamol as a
hepatotoxicant (Suresh et al., 2006).

The effect of the experimental diets on weight before
and after induction of hepatic damage is shown in
Table 1. Musa paradisiaca-supplemented diet caused
varying percentage weight gains m all the groups, which
were not statistically significant when compared to the
controls. However the percentage weight gain reduced
after the induction of hepatotoxicity. The consumption of
plantain which did not sigmficantly affect the weight of
the animals could be as a result of unavailability of
nutrients especially carbohydrate and protein contained
in plantain (Foy and Parratt, 1960). Also, liver damage
could affect body weight by mterfering with its function
of processing of nutrients and making them unavailable
for growth.

There were no significant changes in blood glucose
concentration m the rats fed Musa paradisiaca-
supplemented diet which suggests that its consumption
could reduce the high blood concentration of glucose
seen in diabetic conditions with associated liver damage.
This observation agrees with the finding reported in
studies on plantain indicating its
hypoglycemic activities (Dhanabal et «l, 2005,
Oke et al., 1999).

several dene

Protein levels were significantly increased (p<t0.05)
only in non-hepatotoxic groups fed 10% Musa
paradisiaca-supplemented diet which indicates that
plantain is a good source of protein (Foy and Parratt,
1960).

Table 2 shows that the glutathione level was
increased m the non-hepatotoxic groups fed 10%
Musa paradisiaeca-supplemented diet indicating that
plantain consumption increased its synthesis (Pari and
Umamaheswar1, 2000). m glutathione 1s
associated with protecion agamst oxidative stress
induced by free radicals and prevention of diseases
(Wu et al., 2004).

The result shown in Table 2 also indicates that the
amimals in the hepatotoxic groups fed 10% Musa
paradisiagca-supplemented diet had a high value of
cholesterol. Paracetamol may synergistically interfere with

Increase

cholesterol metabolism when combined with plantain
(Bowry and Stocker, 1993). Plantain however reduces
cholesterol (Gould et al., 1998). Increase in cholesterol
level is a risk factor associated with arteriosclerosis and
cardiovascular disease (Cooper, et al, 2007). Hence,
consumption of plantain and non prescribed high dose of
paracetamol as shown in this study may promote
cardiovascular diseases.

Triglyceride  concentration  was  sigmificantly
increased (p<0.05) in the hepatotoxic groups and
hepatotoxic  group fed 10% Musa paradisiaca-
supplemented  diet, respectively. High levels of
triglycerides, LDL-Cholesterol and VLDL-Cholesterol
have been associated with heart disease (Nikkila, 1984).
Paracetamol  could liver damage thereby

interfering with the release of fatty acids into the blood.

cause

Table 1: Weight changes Prior to and after Paracetamol- induced hepatotoxicity in hepatotoxic and non hepatotoxic rats fed Musa paradisiaca-supplemented

diet
Non-hepatotoxic group Hepatotoxic group fed
Non-hepatotoxic Hepatotoxic fed 1000 Musa paradisiaca- 10% AMusa paradisiaca-
Weight change Control group Control group supplemented diet supplemented diet
Prior to hepatotoxicity (90) 237 24.1 283 29.5
After hepatotoxicity (%6) 2.5 22.8 17.0 26.7
Table 2: Biochemical parameters in hepatotoxic and non hepatotoxic rats fed AMisa paradisioca-supplemented diet
Non-hepatotoxic group Hepatotoxic group fed
Non-hepatotoxic Hepatotoxic fed 1006 Misa paradisicea- 10%% Misa paradisioca-
Parameter Control group Control group supplemented diet supplemented diet
Glucose (mg dI.™") 135.51+29.70 109.76+22.55 146.85+15.94 191.87+29.57
Protein (mg mL™") 5.5240.48 6.2840.14 6.50+0.19% 5.60£0.22
Reduced glutathione (mM mL™") 0.01£0.001 0.01£0.001 0.017+0.003* 0.016£0.03
Cholesterol (mg dL™) 266.18+4.33 294.31411.41 268.17+5.56 309.43+14.78%
Trigly cerides {mg d.=!) 203.44+1.90 232.99+7 55% 211.29+5.53 238.74+5.78*
Lipid peroxidation (n mol mL.™") 11.71+1.32 10.15+0.52 11.18+1.51 13.13+0.51
Aspartate transaminase (TU L.™") 46.66+9.17 24.034+6.11* 11.08+1.79* 32.96+12.44
Alanine transaminase (IU L") 19.00£10.85 23.53£3.97 10.38+2.27 17.06+£3.26
Packed cell volume (%0) 43.00+2.41 37.5042.01 44.00+£1.30 39.40+2.06

*Represents values that are significant (p<:0.05) with respect to non-hepatotoxic control
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Fig. 1. Photo micrograph of a cross section of liver of Fig. 5: Photo micrograph of a cross section of testes
non-hepatotoxic rat fed with control diet. of non-hepatotoxic rat fed control diet. MAG.
MAG. X100 X100

Fig. 2. Photo micrograph of a cross section of liver of Fig. 6: Photo micrograph of a cross section of testes
non-hepatotoxic rat fed with10% AMusa of non-hepatotoxic rat fed with10% AMusa
paradisigca - supplemented diet. MAG. X100 paradisiaca - supplemented diet. MAG. X100

Fig. 3: Photo micrograph of a cross section of liver of Fig. 7: Photo micrograph of a cross section of testes
hepatotoxic rat fed with control diet. MAG. of hepatotoxic rat fed control diet. MAG.
X100 X100

Fig. 4. Photo micrograph of a cross section of liver of Fig. 8: Photo micrograph of a cross section of testes
hepatotoxic rat faed with 10% AMusa of hepatotoxic rat fed 10% Musa paradisiaca -
paradisigca - supplemented diet MAG. X100 supplemented diet. MAG. X100
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In the medical term, high cholesterol and triglyceride
levels are referred to as lipid disorder. This lipid disorder
mcreases the risk of atherosclerosis and also heart
disease, stroke and high blood pressure (Cooper ef al.,
2007). However, consumption of plantain has been shown
to reduce triglyceride level (Kaimal et al, 2010
Vyayakumar ef af., 2009; Gomathy et al., 1989).

There were significant changes lipid
peroxidation in all the experimental groups. Lipid
peroxidation is one of the major causative factors in cell
injury produced by free radicals process (Bodis et al.,
2000). This indicates that the consumption of plantain
stabilized lipid peroxidation in the rats which could be

no in

attributed to the presence of antioxidants such as
flavanoids (Sies, 1993). Plantain has been reported to
reduce lipid peroxidation 1 ammals (Pari and
Maheswari, 1999).

The liver enzymes were not significantly altered
except AST that was sigmficantly increased (p<0.05) in
the hepatotoxic control group. The liver enzymes, AST
and ALT play a role in the metabolism of amino acids. An
increase in level of both enzymes may indicate
hepatocellular disease, active cirrhosis and metastatic
liver tumor (Vaishwanar et al., 1976). Table 2 shows that
there was a significant increase of AST level in the
hepatotoxic control dosed with paracetamol which could
have caused liver damage seen as the increase n the level
of AST. Conversely, there was a reduction of AST i the
non-hepatotoxic groups fed 10% Musa paradisiaca-
supplemented diet. This shows that plantain may possess
protective effects on the liver.

There were no significant changes in PCV in all the
groups. PCV 1s of diagnostic importance m paracetamol-
mnduced toxicity and are affected by most bioactive
phytochemicals (Patrick-Twuanyanwu et al, 2007).
Paracetamol causes a reduction in the red blood cells
which can lead to anemia (Mullick et al, 1973).
Consumption of plantain could protect the red blood cells
due to its content of blood forming nutrients such as ron.
This could explain why there were no changes in the PCV
values despite the administration of Paracetamol.

The histological features of the liver of the animals in
all the groups are shown in Fig. 1-4 while those of the
testes are shown in Fig. 5-8. The liver sections of the rats
in the control (Fig. 1) and non-hepatotoxic groups (Fig. 2)
fed with Musa paradisiaca - supplemented diet showed
less degeneration of hepatocytes while those of the
hepatotoxic control group (Fig. 3) showed degeneration
with some centrilobular necrosis and haemorrhages.
However, Fig. 4 shows that the intensity of centrilobular
necrosis was less in the liver sections of the hepatotoxic
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groups fed 10% Musa paradisiaca- supplemented diet
indicating marked preservation of hepatic architecture. In
contrast, the histology of the testes of rats mn all the
groups showed m Fig. 5, 6, 7 and 8 did not show any
noticeable changes.

In conclusion, the hepatoprotective effects of wnripe
plantain are mdicated by some of the biochemical,
hematological and histological results obtained in this
study. Consumption of plantain could protect against
liver damage caused by Paracetamol. Also, there could be
a synergistic effect between plantain and paracetamol to
cholesterol and this could have
consequences in promoting cardiovascular diseases.

increase level
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