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Hepatoprotective effects of aqueous root bark extracts of
Anogeissus leiocarpus, Terminalia avicennioides, and their
mixture in diethylnitrosamine-treated rats
Abstract
Introduction: This study investigated the hepatoprotective activity of aqueous root bark extracts of Anogeissus leiocarpus,
Terminalia avicennioides, and their 1:1 mixture in diethylnitrosamine (DEN)-treated rats. Materials and Methods: Rats
were orally pretreated with extracts and 1:1 mixture (200, 400, and 800 mg/kg body weight) for 2 weeks before being
challenged with DEN (30 mg/kg body weight) once a week on weeks 3 and 4. Curcumin (200 mg/kg body weight)
was used as reference antioxidant agent, and distilled water was used as a control. The whole experiment lasted for 4
weeks. The activities of liver and serum alkaline phosphatase (ALP), aspartate and alanine aminotransferases (AST and
ALT), and gamma-glutamyltransferase (GGT), as well as the levels of serum total protein, albumin, total, and conjugated
bilirubin were evaluated. Results: The extracts and their mixture significantly (P < 0.05) prevented the DEN-induced
alterations in the activities of ALP, AST, ALT, and GGT in the liver and serum of the animals; as well as the altered levels
of serum total and conjugated bilirubin. Conclusion: Overall, the results of this study revealed that the extracts possess
hepatoprotective activities against DEN-induced liver damage in rats.

Key words:
Anogeissus leiocarpus, curcumin, diethylnitrosamine, hepatoprotective activity, liver function,
Terminalia avicennioides

Introduction

are widely distributed in many countries including
Nigeria.

The liver, being the major site of metabolic activities,
is continually assaulted when there is exposure to chemical
agents. One example of such chemical compounds is
diethylnitrosamine (DEN) or N-nitrosodiethylamine,
found in the environment, foods and consumer products.
It is a potent hepatotoxin,[1-3] causes lipid peroxidation
and attacks the antioxidant defense mechanism of the cell
leading to liver damage which can eventually lead to liver
carcinogenesis.[4,5] Such processes can be prevented or
reversed by the use of antioxidants and hepatoprotective
agents such as curcumin and other natural products
derived from botanicals. Examples of such plants are
Anogeissus leiocarpus and Terminalia avicennioides,
both of which are from the Combretaceae family and
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A. leiocarpus (DC) Guill and Perr is known as chewing stick
tree (English) and Ayin (Yoruba, South Western Nigeria).
T. avicennioides Guill and Perr is known as Baushe (Hausa,
Northern Nigeria), Idi (Yoruba), and Edo (Igbo, Southeast
Nigeria). The aqueous root bark extracts of these plants have
been reported to contain flavonoids, tannins, phenolics,
saponins, alkaloids, and other phytochemicals.[6] They
have also been reported to exhibit free-radical scavenging,
antioxidant and anticancer activities.[6,7]
In view of the day-to-day exposure of man to industrial
chemicals like DEN from various sources, it is pertinent to
prevent the toxicological effects of such compounds on the
cellular system. This study, therefore, aims at investigating
the effects of aqueous root bark extracts of A. leiocarpus,
T. avicennioides, and their mixture on parameters of liver
damage; and the activities of cellular enzymes in liver of
DEN-treated rats using curcumin as a reference antioxidant.

Materials and Methods
Plant materials
Fresh roots of A. leiocarpus and T. avicennioides were obtained
from a farmland in Offa, Nigeria and authenticated at the
IFE Herbarium, Ile-Ife, Osun State, Nigeria, with voucher
numbers 13775 and 15428, respectively.
Experimental animals
Male albino rats (181.98 ± 9.36 g) of Wistar strain
were obtained from the Animal House of Department
of Biochemistry, University of Ilorin, Ilorin, Nigeria.
The animals were housed in aluminum cages placed
in well-ventilated house with optimum conditions
(temperature: 22 ± 3°C; photoperiod: 12 h natural light and
12 h dark; humidity: 40–45%) and were allowed free access
to rat pellets (Premier Feed Mill Co., Ltd., Ibadan, Nigeria)
and tap water. The entire study was carried out in the
Biochemistry and Nutrition Unit, Department of Chemical
Sciences, Fountain University, Osogbo, Nigeria.
Chemicals and reagents
Assay kits for alkaline phosphatase (ALP), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and gamma-glutamyltransferase (GGT) were products of
Randox Laboratories, County Antrim, UK. Curcumin and
DEN were products of Sigma-Aldrich, St. Louis, USA. All
other reagents were of analytical grade and prepared with
distilled water.
Preparation of extracts
Aqueous extracts of the roots were prepared as previously
described.[6] Briefly, fresh roots of both plants were
separately oven-dried at 40°C for 3 weeks and pulverized
with an AKIRA blender (model: BL-1531, Indonesia).
A known amount (300 g) of each powder was extracted in 5 L
of distilled water and placed on orbital shaker maintained at
Drug Development and Therapeutics

300 rpm for 24 h. This was then filtered through Whatman
No. 1 filter paper, and the filtrate concentrated on a
water bath to yield 28.5 g A. leiocarpus (9.5%) and 30 g of
T. avicennioides (10%). A 1:1 mixture of both extracts was
also prepared for use in the present study.
Animal grouping and treatments
Eighty-four male albino rats were randomly assigned to
twelve Groups (A-L) of seven rats each and treated orally
with 0.5 ml of distilled water, extracts and their mixture
(1:1) daily for 28 days as follows:
• Group A: Received distilled water only (daily) for
4 weeks
• Group B: Received distilled water (daily) for 4 weeks and
DEN (30 mg/kg body weight in normal saline) on day 15
and day 22 (weeks 3 and 4)
• Group C: Pretreated with curcumin a reference
antioxidant agent (200 mg/kg body weight in olive oil)
daily for 4 weeks and DEN (as in Group B above)
• Group D: Pretreated with 200 mg/kg body weight
A. leiocarpus extract daily for 4 weeks and DEN (as in
Group B above)
• Group E: Pretreated with 400 mg/kg body weight
A. leiocarpus extract daily for 4 weeks and DEN (as in
Group B above)
• Group F: Pretreated with 800 mg/kg body weight
A. leiocarpus extract daily for 4 weeks and DEN (as in
Group B above)
• Group G: Pretreated with 200 mg/kg body weight
T. avicennioides extract daily for 4 weeks and DEN (as in
Group B above)
• Group H: Pretreated with 400 mg/kg body weight
T. avicennioides extract daily for 4 weeks and DEN (as in
Group B above)
• Group I: Pretreated with 800 mg/kg body weight
T. avicennioides extract daily for 4 weeks and DEN (as in
Group B above)
• Group J: Pretreated with 200 mg/kg body weight of the
mixture daily for 4 weeks and DEN (as in group B above)
• Group K: Pretreated with 400 mg/kg body weight of
the mixture daily for 4 weeks and DEN (as in Group B
above) and
• Group L: Pretreated with 800 mg/kg body weight of the
mixture daily for 4 weeks and DEN (as in Group B above).
The rats were sacrificed 24 h after the last doses. The study
was approved by the Ethical Committee on the Care and
Use of Experimental Animals of the College of Natural and
Applied Sciences, Fountain University, Osogbo, Nigeria. The
animals were also handled according to the Guidelines of
the National Institute of Health (NIH; Bethesda, Maryland,
USA), Guide for the Care and Use of Laboratory Animals.[8]
Preparation of serum and liver supernatants
The sera and liver supernatants were prepared as previously
described.[9] The rats were anesthetized in a glass jar
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containing cotton wool soaked in diethyl ether. The
unconscious rat was quickly removed, and the neck area
cleared of fur. The jugular veins were cut and the blood
collected into clean and dry test tubes were allowed to clot
at room temperature for 10 min and centrifuged at 894×g
for 15 min. Sera were collected using Pasteur pipette and
kept frozen. The rats were then dissected, the liver removed
and cleaned, weighed and homogenized in ice-cold 0.25 M
sucrose solution (1:4 w/v). The homogenates were then
centrifuged at 1398×g for 15 min to obtain the supernatants,
which were later transferred into specimen bottles and kept
frozen.[9] The sera and supernatants were used within 24 h
for their respective assays.

their mixture compared well (P < 0.05) with the distilled
water-treated control animals [Figure 2].
The activity of ALT in the liver of rats administered
DEN was significantly reduced compared to distilled
water-treated control. This trend of reduction was
reversed by pretreatment with the extracts, as well as
their mixture, in a manner similar to the animals treated
with curcumin [Figure 3]. However, the 400 mg/kg body
weight of T. avicennioides and the mixture were significantly
(P < 0.05) higher than the enzyme activity produced by the
curcumin-treated animals [Figure 3]. The administration of
DEN significantly (P < 0.05) elevated the serum ALT activity
and this trend was reduced by the pretreatment with the
extracts and their mixture in a manner similar to that
obtained with curcumin [Figure 4]. However, the activity of
the serum enzyme obtained with 800 mg/kg body weight of
A. leiocarpus and T. avicennioides, as well as that of 400 and
800 mg/kg body weight, of the mixture of the extracts
compared favorably with those of the distilled water-treated
control rats [Figure 4].

Determination of biochemical parameters
The biochemical parameters were determined using
standard procedures as described for protein,[10] ALP,[11]
aminotransferases,[12] GGT,[13] albumin,[14] and bilirubin.[15]
Statistical analysis
The group mean (n = 7) ± standard deviation for each
analysis was calculated, and significant differences were
determined by analysis of variance and Tukey’s post-hoc test
for multiple comparisons at 95% confidence level.

The reduction in the activity of AST in the liver of the
animals by DEN was reversed by all the doses of the extracts
and their mixture [Figure 5]. This pattern was similar to the
DEN-treated animals administered curcumin. Furthermore,
in all the treatment groups, despite the elevation in the liver
AST, the increase in activity of the enzyme did not compare
well with that of the distilled water-treated control animals
[Figure 5]. There was significant (P < 0.05) increase in
serum AST activities of rats administered DEN. This trend
was reversed following the administration of the extracts
and their mixture in a manner similar to that of curcumintreated animals. The activity of the enzyme produced by
the 800 mg/kg body weight of the extract-treated animals
compared favorably (P > 0.05) with the curcumin and
distilled water-treated animals [Figure 6].

Results

Liver ALP activity (U/mg protein)

The administration of DEN significantly (P < 0.05)
reduced the liver ALP activity while pretreatment with
curcumin and the extracts significantly (P < 0.05)
attenuated the decrease in a dose-dependent manner.
The 800 mg/kg body weight of the individual extracts
produced the highest attenuation of ALP that compared
favorably with the distilled water-treated control animals,
whereas the activity of ALP by all the doses of the mixture
compared well with the distilled water-treated control
animals [Figure 1]. There was significant (P < 0.05)
increase in ALP activities in the serum of animals following
administration of DEN and this was dose-dependently
reduced by the individual extracts and their mixture
[Figure 2]. The reduction in the serum enzyme by the
800 mg/kg body weight of the individual extracts and
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Figure 1: Liver alkaline phosphatase activities of diethylnitrosamine treated rats pretreated with aqueous root bark extracts of
Anogeissus leiocarpus, Terminalia avicennioides and their mixture. Bars carrying different letters are significantly different (P < 0.05)
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Anogeissus leiocarpus, Terminalia avicennioides, and their mixture. Bars carrying different letters are significantly different (P < 0.05)
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Anogeissus leiocarpus, Terminalia avicennioides, and their mixture. Bars carrying different letters are significantly different (P < 0.05)
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body weight of all the extracts produced the activity of GGT
in the liver of the animals that compared favorably with
the distilled water and curcumin–treated control animals
[Figure 7]. Serum GGT activity was significantly elevated
following DEN administration. This trend was significantly
reversed by extract pretreatment at all the experimental
doses. The reversal was, however, not total even in the
curcumin-treated animals [Figure 8] as the enzyme
activities were still significantly higher than the distilled
water-treated control animals.

in DEN-treated rats were significantly (P < 0.05) elevated.
These elevations were reversed following pretreatment with
the extracts. The 800 mg/kg body weight of the individual
and mixture of the extracts produced serum total bilirubin
concentrations that compared well with the control [Table 2].
In contrast, all the doses of the extracts, as well as their
mixture, produced serum conjugated bilirubin contents that
were not significantly different from the distilled water and
curcumin-treated animals [Table 2].

Discussion

Serum AST activity (U/mg protein)

There were no significant (P > 0.05) differences in the serum
total protein and albumin concentrations of all the treatment
groups when compared with their respective control values
[Table 1]. However, the total and conjugated bilirubin levels
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Table 1: Serum protein and albumin contents of DEN‑treated rats pretreated with aqueous root bark extracts of
A. leiocarpus, T. avicennioides and their mixture
Treatment
Control
DEN (30 mg/kg bd wt)
DEN + curcumin (200 mg/kg bd wt)
DEN + extract (200 mg/kg bd wt)
DEN + extract (400 mg/kg bd wt)
DEN + extract (800 mg/kg bd wt)

Total protein (mg/mL)

Serum albumin (mg/mL)

A. leiocarpus

T. avicennioides

Mixture

A. leiocarpus

T. avicennioides

Mixture

45.40±2.83a
43.20±2.28a
43.87±2.83a
45.13±0.42a
43.97±0.10a
46.00±0.90a

45.40±2.83a
43.20±2.28a
43.87±2.83a
44.90±0.51a
44.67±1.54a
45.14±1.77a

45.40±2.83a
43.20±2.28a
43.87±2.83a
45.20±1.92a
46.20±5.12a
44.00±3.08a

26.06±0.08a
25.05±0.32a
26.07±0.28a
24.06±0.76a
24.31±0.19a
25.99±0.11a

26.06±0.08a
25.05±0.32a
26.07±0.28a
23.81±0.19a
25.73±0.50a
25.89±0.97a

26.06±0.08a
25.05±0.32a
26.07±0.28a
24.09±0.35a
25.97±0.43a
26.33±0.13a

Values are mean of seven determinations±SD. Values with superscripts similar to the control, a, down the column are not significantly different
when compared with control (P>0.05). DEN – Diethylnitrosamine; SD – Standard deviation; A. leiocarpus – Anogeissus leiocarpus;
T. avicennioides – Terminalia avicennioides

Table 2: Serum total and conjugated bilirubin contents of DEN‑treated rats pretreated with aqueous root bark
extracts of A. leiocarpus, T. avicennioides and their mixture
Treatment
Control
DEN (30 mg/kg bd wt)
DEN + curcumin (200 mg/kg bd wt)
DEN + extract (200 mg/kg bd wt)
DEN + extract (400 mg/kg bd wt)
DEN + extract (800 mg/kg bd wt)

Total bilirubin (mg/dL)

Conjugated bilirubin (mg/dL)

A. leiocarpus

T. avicennioides

Mixture

15.80±2.53
30.07±3.00c
19.60±2.14ab
21.78±1.11b
21.00±0.55ab
20.09±0.07a

15.80±2.53
30.07±3.00c
19.60±2.14a
22.01±1.09ab
21.36±0.42ab
19.13±1.71a

15.80±2.53
30.07±3.00c
19.60±2.14ab
22.53±2.84b
21.87±2.38b
17.47±5.34a

a

a

a

A. leiocarpus

T. avicennioides

Mixture

13.11±1.11
15.86±0.54a
13.53±1.16b
11.96±1.49b
13.01±0.09b
13.66±1.02b

13.11±1.11
15.86±0.54a
13.53±1.16b
12.00±1.73b
12.75±0.10b
13.09±1.22b

13.11±1.11b
15.86±0.54a
13.53±1.16b
12.21±1.06b
12.18±1.43b
13.44±1.44b

b

b

Values are mean of seven determinations±SD. Total bilirubin values with superscripts b or c different from the control, a, are significantly different
when compared with control (P<0.05). Total bilirubin values with superscripts ab are not significantly different when compared with control,
a, and when compared with b (P>0.05). Conjugated bilirubin values with superscripts a different from the control, b, are significantly different
when compared with the control (P<0.05). DEN – Diethylnitrosamine; SD – Standard deviation; A. leiocarpus – Anogeissus leiocarpus;
T. avicennioides – Terminalia avicennioides

T. avicennioides root barks have been used to prevent
DEN-induced liver damage. DEN has been reported to cause
oxidative stress and peroxidation of lipids in membranes,
arising from excessive reactive oxygen species (ROS)
production by hydroxylation and subsequent activation
of DEN by cytochromes P450. This eventually releases a
carbocation that attacks cellular macromolecules such
as proteins, lipids, and nucleic acids.[3,4,16] Such attack on
cellular membranes leads to peroxidation and distortion
of the ordered phospholipid bilayer thereby compromising
membrane integrity and the loss of membrane and
intracellular components such as enzymes.
The measurement of the activities of enzymes in tissues and
body fluids plays a significant role in disease investigation,
diagnosis, assault on the organs/tissues and to a reasonable
extent, the toxicity of drugs, and other chemical compounds.
This is because the activities of enzymes sum up the catalytic
influences of various factors like inhibitors and activators
during such pathological conditions.[17]
ALP is a “marker” enzyme of the integrity of cell membrane
and endoplasmic reticulum.[18,19] It has been used to indicate
liver damage.[3,20-22] The reduction in activities of liver ALP
following the administration of 30 mg/kg body weight of
Drug Development and Therapeutics

DEN, which was accompanied by a corresponding increase
in activities of ALP in the serum of the animals, could be
attributed to loss of membrane components, including
ALP, from the liver. The increase in the serum enzyme is an
indication that the enzyme might have escaped from the liver
cells into the extracellular fluid.[23,24] DEN has been reported
to cause lipid peroxidation and damage to many enzymes
through ROS production.[3,4,16] Peroxidation of the lipid
membrane of cells by DEN could have been responsible for
the loss of membrane components including ALP from the
liver to the serum. The reversal of these effects by various
doses of the extracts and their mixture is an indication of the
ability of the phytochemicals such as tannins, phenolics, and
flavonoids to act as antioxidants and prevent damage to liver
cells. Aqueous extracts of A. leiocarpus and T. avicennioides
root barks have been reported to contain flavonoids, tannins,
saponins, and phenolics and also to possess antioxidant
activity.[6,7] These findings agree with an earlier report that
intraperitoneal injection of 200 mg/kg body weight of DEN
in corn oil caused an increase in serum ALP of rats, which
was reversed by administration of paeonol, a phenolic
component of Moutan Cortex (Paeonia suffruticosa).[3]
The aminotransferases (AST and ALT) are “markers” of
liver damage caused by exposure to chemicals with ALT
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being more liver specific.[25,26] The reduction in activities
of liver ALT and AST following administration of DEN,
which was accompanied by corresponding increase in
activities of serum ALT and AST could be attributed to
escape of the enzymes into the extracellular space due to
the compromised membrane. The increase in activities
of these cytosolic enzymes in the serum further indicates
that the cellular membrane was disrupted by the DEN. The
reversal of these effects by the extracts and their mixture
is an indication that they possess membrane-protecting
activities. This is also an indication that the extracts possess
chemopreventive activities. These findings also agree with
a previous study, where DEN-induced activities of ALT and
AST were reversed by a chemopreventive agent paeonol.[3]
GGT is involved in the amino acid transfer across the
cellular membrane and in glutathione metabolism. It is a
membrane-bound enzyme most sensitive to hepatobiliary
disease.[27] The significant decrease in liver GGT activity
accompanied by a corresponding significant increase in
the serum enzyme further suggests membrane damage
induced by DEN. These findings agree with a previous
study, which reported an increase in serum ALP, ALT, AST,
and GGT activities after a single intraperitoneal injection of
200 mg/kg body weight of DEN in rats.[3] Another study also
reported an increase in the activities of ALP, AST, and ALT
by 0.01% DEN in drinking water for 15 weeks, which were
reversed by administration of extracts of Morinda citrifolia
roots.[5] The cytoprotective effects of these extracts in the
present study, justify the folkloric use of these plants, as well
as previous reports especially the mixture, in the treatment
of various diseases including cancer.[6,7]
Liver function indices such as serum total protein, albumin,
total, and conjugated bilirubin are used to assess the
functional activity of the liver.[9] Serum proteins (albumin
and globulin) are synthesized by the liver and thus could be
a useful marker to indicate the synthetic activity of this vital
organ. Serum bilirubin is an index of the secretory activity
of the liver.[9] DEN has been reported to cause severe hepatic
injury by excessive ROS production and lipid peroxidation.[3,4]
The absence of an alteration in the levels of serum total
protein and albumin in the present study could indicate that
the synthetic ability of the liver was not adversely affected.
This observation contrasts previous studies that reported
significant reductions in the levels of these biomolecules
after a single administration of 200 mg/kg body weight of
DEN.[3] The disparity could be due to differences in the dose,
duration, and route of administration of DEN. The significant
increase in total and conjugated bilirubin concentrations
following DEN treatment could be attributed to impaired
bilirubin metabolism. This could indicate impaired uptake
of bilirubin by hepatocytes or impaired bilirubin excretion
caused by biliary tract obstruction, which could lead to
the compromised excretory ability of the liver or liver
Vol. 6 | Issue 2 | Jul-Dec 2015

dysfunction. This might have resulted from the decrease in
liver enzyme activities earlier reported in the present study.
The ability of the extracts to attenuate this loss of hepatic
excretory function may suggest their hepatoprotective
ability, or better still, their chemopreventive ability since
DEN is a potent inducer of hepatocellular carcinoma.[3,4]
A previous study also reported an increase in bilirubin
concentration following DEN administration, which agrees
with the findings from the present study.[5]
The results of this study have shown that aqueous extracts
of A. leiocarpus and T. avicennioides root barks, as well as their
mixture, possess hepatoprotective abilities that compared
well with curcumin. The prevention of alterations in the
parameters of liver function and activities of liver enzymes
was most pronounced at the highest dose (800 mg/kg body
weight) of the individual extracts and all the doses of the
mixture.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.

References
1.

Yamada K, Yamamiya I, Utsumi H. In vivo detection of free radicals induced by
diethylnitrosamine in rat liver tissue. Free Radic Biol Med 2006;40:2040-6.

2.

Gayathri R, Priya DK, Gunassekaran GR, Sakthisekaran D. Ursolic acid
attenuates oxidative stress-mediated hepatocellular carcinoma induction
by diethylnitrosamine in male Wistar rats. Asian Pac J Cancer Prev
2009;10:933-8.

3.

Chen B, Ning M, Yang G. Effect of paeonol on antioxidant and immune
regulatory activity in hepatocellular carcinoma rats. Molecules
2012;17:4672-83.

4.

Parola M, Robino G. Oxidative stress-related molecules and liver fibrosis.
J Hepatol 2001;35:297-306.

5.

Pal R, Thirumoorthy N. Chemo-preventive effect of ethanolic extract of
Morinda citrifolia root on N-nitrosodiethylamine induced oxidative stress
in rat liver. World J Pharm Res 2012;1:893-908.

6.

Salau AK, Yakubu MT, Oladiji AT. Cytotoxic activity of aqueous extracts of
Anogeissus leiocarpus and Terminalia avicennioides root barks against
Ehrlich ascites carcinoma cells. Indian J Pharmacol 2013;45:381-5.

7.

Salau AK, Yakubu MT, Oladiji AT. In vitro and In vivo Antioxidant Activity
of Aqueous Extracts of Anogeissus leiocarpus (DC) Guill and Perr and
Terminalia avicennioides Guill and Perr Root Barks. Cameroon J Biol
Biochem Sci 2015;23:9-16.

8.

National Institutes of Health. Guide for the care and use of laboratory
animals. Maryland: NIH Publication 83; 1985. p. 127-38.

9.

Yakubu MT, Adeshina AO, Ibrahim OO. Toxicological evaluation of aqueous leaf
extract of Senna alata in pregnant Wistar rats. Int J Curr Res Rev 2012;4:89-109.

10.

Gornall AG, Bardawill CJ, David MM. Determination of serum proteins by
means of the biuret reaction. J Biol Chem 1949;177:751-66.

11.

Wright PJ, Leathwood PD, Plummer DT. Enzymes in rat urine: Alkaline
phosphatase. Enzymologia 1972;42:317-27.

12.

Reitman S, Frankel S. A colorimetric method for the determination of serum
glutamic oxalacetic and glutamic pyruvic transaminases. Am J Clin Pathol
1957;28:56-63.

13.

Rosalki SB, Tarlow D. Optimized determination of gamma-glutamyltransferase
by reaction-rate analysis. Clin Chem 1974;20:1121-4.

 99 

Drug Development and Therapeutics

Salau, et al.: Hepatoprotection by A. leiocarpus and T. avicennioides
14.

Doumas BT, Watson WA, Biggs HG. Albumin standards and the measurement
of serum albumin with bromcresol green. Clin Chim Acta 1971;31:87-96.

15.

Evelyn KA, Malloy HT. Micro determination of oxyhaemoblobin,
methaemoglobin and sulphaemoglobin in a single sample of blood. J Biol
Chem 1938;126:655-61.

16.

Al-Rejaie SS, Aleisa AM, Al-Yahya AA, Bakheet SA, Alsheikh A,
Fatani AG, et al. Progression of diethylnitrosamine-induced hepatic
carcinogenesis in carnitine-depleted rats. World J Gastroenterol
2009;15:1373-80.

17.

Malomo SO. Toxicological implications of ceftriaxone administration in rats.
Niger J Biochem Mol Biol 2000;15:33-8.

18.

Wills DE. Evaluation of lipid peroxidation of lipids and biological membranes.
In: Snell K, Mullak B, editors. Biochemical Toxicology: A Pratical Approach.
Oxford: IRL Press; 1985.

19.

Shahjahan M, Sabitha KE, Jainu M, Shyamala Devi CS. Effect of Solanum
trilobatum against carbon tetrachloride induced hepatic damage in albino
rats. Indian J Med Res 2004;120:194-8.

20.

Ajiboye TO, Salau AK, Yakubu MT, Oladiji AT, Akanji MA, Okogun JI.
Acetaminophen perturbed redox homeostasis in Wistar rat liver: Protective
role of aqueous Pterocarpus osun leaf extract. Drug Chem Toxicol
2010;33:77-87.

Drug Development and Therapeutics

21.

Ajboye TO, Yakubu MT, Salau AK, Oladiji AT, Akanji MA, Okogun JI.
Antioxidant and drug detoxification potential of aqueous extract of Annona
senegalensis leaves in carbon tetrachloride-induced hepatocellular
damage. Pharm Biol 2010;48:1361-70.

22.

Ajiboye TO, Salau AK, Yakubu MT, Oladiji AT, Akanji MA, Okogun JI. Aqueous
extract of Securidaca longepedunculata root induce redox imbalance in
male rat liver and kidney. Hum Exp Toxicol 2010;29:679-88.

23.

Malbica JO, Hart LG. Effect of adenosine triphosphate and some
anti-inflammatory agents on a purified lysosomal fraction having high
acid phosphatase and labile – Glucuronidase activity. Biochem Pharmacol
1971;20:2017-26.

24.

Akanji MA, Olagoke OA, Oloyede OB. Effect of chronic consumption of
metabisulphite on the integrity of the rat kidney cellular system. Toxicology
1993;81:173-9.

25.

Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 3rd ed. New York:
Worth Publishers; 2000.

26.

Pramyothin P, Samosorn P, Poungshompoo S, Chaichantipyuth C. The
protective effects of Phyllanthus emblica Linn. extract on ethanol induced
rat hepatic injury. J Ethnopharmacol 2006;107:361-4.

27.

Mayne PD. Clinical Chemistry in Diagnosis and Treatment. 6th ed. London:
Lloyd-Luke (Medical Books) Limited; 2005.

 100 

Vol. 6 | Issue 2 | Jul-Dec 2015

