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Abstract: Hepatoprotective effect and antioxidant properties of leaf extracts of Newbouldia laevies (NL) were

investigated against carbon tetrachloride (CCl 4)-induced acute hepatic injury in rats. Phytochemical constituents were
also evaluated. Significantly (p<0.05) increased levels of transaminases, alkaline phosphatase, albumin, bilirubin and
cholesterol in CCl4 intoxicated rats were brought to normal levels in rats treated with the extract and CCl4 in a dose
dependant manner. Reduced enzymic and non enzymic antioxidants levels and elevated lipid peroxides levels were
restored to normal by administration of the extract at 300 mg/kg. Histopathological examination further confirmed the
hepatoprotective activity of NL when compared with CCl 4 treated group. Phenolics, glycosides, balsams, resins and
volatile oils were detected in the extract. The lethal dose (LD50) of the plant was greater than 3000 mg/kg. The study
suggests that CCl4-induced damage in rats can be ameliorated by treatment with the leaf extracts of Newbouldia laevies.
Keywords: Hepatoprotective effect, Newbouldia laevies , antioxidant properties, lipid peroxidation.

Introduction
Scientific validations are being made globally to get
evidences for traditionally used herbal plants. There
still exist a large number of tropical trees with
tremendous medicinal potentials but with no empirical
proof to support claims of efficacy. Liver diseases are
largely attributable to the increasing number of
chemical compounds and environmental pollution1.
Free radicals or oxidative injury are critically involved
in various pathological conditions such as cancer,
neurological disorder, arthritis, inflammation and liver
diseases2,3. However, there are still no specific
treatments in modern medicine that give protection to
the liver against damage or help to regenerate hepatic
cells 4,5. Because of this fact efforts are being made to
find suitable curative agents for the treatment of liver
diseases in natural plants products6. Chemicals and
drugs such as CCl4 and paracetamol catabolised
radicals induced lipid peroxidation, damage the
membranes of liver cells and organelles, causing the
swelling and necrosis of hepatocytes and result to the

release of cytosolic enzymes in to the blood7. Thus,
CCl4 was chosen in this study as model for
investigating radical-induced damage and its
prevention in wistar albino rats.
A large number of medicinal plants have been
found to offer some hepatoprotection1,8,9,10,11,12.
Flavonoids and other phenolics of plant origin have
been reported to have roles as scavengers and
inhibitors of lipid peroxidation13,14 .
Newbouldia laevies (family Bignoniaceae) is
distributed mainly in the tropics and forms an
important part of the vegetation. Bignoniaceae is of
little economic value. Some members such as Catalpa
and Tecoma sp. yield timber and are also cultivated for
ornament15 . In Nigeria and Ghana, the bark and leaves
of Newbouldia laevies are used for the treatment of
breast cancers16. Previously, it has been reported that
the extracts of the leaf17 , stem bark18 and root19 have
strong antibacterial activities. Azuine reported that
Newbouldia laevies possess strong antineoplastic
activity and provides credence to the herbal use of the
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plant for breast cancer treatment20. Ethanolic leaf
extract of the plant has been shown to have
antimalarial activity in Plasmodium falciparum in vitro
model21 .
To the best of our knowledge, there is no
scientific report available in support of the
hepatoprotective activity of Newbouldia laevies
against CCl4-induced hepatotoxicity in rats. The
hepatoprotective activity of the plant reported in this
study would provide scientific evidence of its claimed
medicinal properties.

Materials and methods
Chemicals
All chemicals used were of analytical grade.

Plant material
The leaves of Newbouldia laevies were collected from
Ngaski local government, Kebbi state, Nigeria. The
plant was botanically authenticated at the Herbarium,
Botany unit, Department of Biological Sciences,
Usmanu Danfodiyo University, Sokoto, Nigeria. A
voucher specimen of the plant was deposited for
reference. This research was conducted between June
and July 2008 at Usmanu Danfodiyo University,
Sokoto, Nigeria.

Preparation of plant extract
The leaves were open-air-dried under the shade, cut in
to small pieces and pulverized in to coarse powder
(using wooden pestle and mortar) and stored until
required for use. Two hundred grams (200 g) of the
powdered leaves were extracted with two liters of 50
% ethanol-water (2000 ml of 1:1) at room temperature
for 24 hours. The extract was filtered with Whatman
filter paper (No.1) and concentrated under reduced
pressure. The yield of the extract was 14.16 % (w/w).

Animals
Wister strains of albino rats of either sex weighing
200-300g were purchased from animal house,
Department of Biological Sciences, Usmanu
Danfodiyo University, Sokoto, Nigeria. They were
kept in wire mesh cages in a well ventilated room,
allowed access to free food and water and kept for one
week to acclimatize. The animals were maintained on
standard animal feeds (Bendel feeds and flour mills,
Edo state, Nigeria) and clean tap water ad libitum,
before and after daily administration of the plant
extract between 10.30 to 11.30 h. Experiment was
performed according to ethical guidelines 22 .

Experimental procedure
Carbon tetrachloride induction of hepatotoxicity was
done according to reported procedures of Guntupalli23
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with some modifications. Animals were randomly
divided into six groups of six animals. Group 1
(normal control untreated rats) received a daily dose of
liquid paraffin for five days (1 ml/kg body weight, per
os). Group II (Induction control) were administered 30
% carbon tetrachloride in liquid paraffin from day two
to five (1 ml/kg body weight, intra peritoneal). Group
III received CCl4 and Silymarin, a known
antihepatotoxic drug at a dose of 100mg/kg per os,
from the second to the fifth day. Groups IV, V and VI
(test groups) were treated with CCl4 and a daily dose
of 100, 200 and 300 mg/kg body weight (orally) of
leaves of Newbouldia laevies respectively, from the
second to the fifth day. All the animals were sacrificed
on the 6th day. The blood collected was allowed to clot
for 30 minutes. Serum was separated by centrifuging at
370C for estimation of biochemical parameters. A
section of the liver tissue was quickly removed and
fixed in 10% formalin for histopathological study.

Assessment of hepatoprotective activity
The activities of serum aspartate and alanine
transaminases were assayed by the method (Randox
assay kit) of Reitman and Frankel24 . Alkaline
phosphatase (ALP), albumin, total protein, cholesterol
and serum total bilirubin were estimated by the
methods of Sood25 , Bigg26 , Gornall27 , Allain28 and
Varley29 respectively. All these parameters were used
to assess the acute hepatic damage caused by CCl4.

Assessment of antioxidant activity
Another section of the liver was perfused with 0.86 %
cold saline to completely remove all the red blood
cells. It was then suspended in 10 % (w/v) ice-cold 0.1
M phosphate buffer (pH 7.4) and cut into small pieces.
The required amount was weighed, homogenized using
a Teflon homogenizer and centrifuged to obtain post
mitochondrial supernatant for estimation of enzymic
and non enzymic antioxidants such as vitamin C30, 31 ,
reduced glutathione32, catalase33 and lipid peroxide
level34 .

Phytochemical analysis.

The methods of Harborne35 , Sofowora36 and ELOlemyl37 were employed.

Acute toxicity studies (Determination of LD50)

Aqueous ethanolic extract of Newbouldia laevies
(3000mg/kg body weight) was administered orally to
five groups of rats (one after the other at a grace of
48hours) in a single dose using a feeding needle. The
control group received distilled water. Observation of
toxic symptoms was made and recorded systematically
one, two, four and six hours after administration.
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Finally, the number of survivors was noted after 48
hours for each group of animals. The toxicological
effect was assessed on the basis of mortality and
expressed as LD50 and calculated using the limit test
dose, up and down procedure of Organization for
Economic and Cultural Development38

Statistical analysis
The data are expressed as mean ± standard deviation.
Results were analysed statistically by one-way
Analysis of variance (Anova), using Graph pad Instat,
Benferoni compare all columns (San Diego, USA). A
value of P < 0.05 was considered statistically
significant.

Results
Groups of rats treated with carbon tetrachloride
exhibited significant (P < 0.05) increase in the activity
of alkaline phosphatase (ALP), aspartate amino
transferase (AST), alanine amino transferase (ALT),
serum total bilirubin (TB) and peroxide value (PV)
when compared to normal control rats (Table 1).
However, serum total protein (TP), albumin (AB),
vitamins C and E levels were significantly (P<0.05)
reduced in carbon tetrachloride treated rats (Table 2).
The liver damage was evaluated by the
measurement of serum levels of ALP, AST, ALT, TB,
AB and TP. Rats that were orally administered leaf
extracts of Newbouldia laevies (100, 200 and 300 mg
kg-1) and CCl4 and the standard silymarin and CCl4
showed significant (P< 0.05) decrease in serum
enzymes activities, TB, and peroxide value. Increase
in the levels of total protein, albumin, vitamins C and
E were also observed compared to CCl4 treated group
(Table 1 and 2). Alkaloids, saponins, glycosides,
volatile oils, flavonoid aglycones, flavonoid
glycosides, saponin glycosides, anthraquinones,
balsams, resins, triterpenoids and terpenoids were
detected in the leaf extracts (Table 3). The lethal dose
(LD50) of Newbouldia laevies leaves extract
determined was greater than 3000mg /kg in rats.
The CCl4 induced acute hepatic injury in rats
was manifested by the significant increase in the serum
enzyme activities, total bilirubin and peroxide values.

Discussion
Acute toxicity test at 3000mg/kg of leaf extracts of
Newbouldia laevies produced no mortality after 48
hours of observation. The median lethal dosage (LD50)
of the aqueous leaves extract was greater than 3000
mg/kg body weight. The extract did not produce any
grossly negative behavioral changes such as
excitement,
restlessness,
respiratory
distress,
convulsions or coma. However, a reduction in body
weights of the rats was observed. The reduction in
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weight may be due to reduced fluid and water intake,
which may be secondary to feeling of fullness and loss
of appetite after administration of the extract39,40.
Despite the above side effects, the very high value of
the LD50 indicated that the extract of Newbouldia
laevies is practically non-toxic.
The effect of Newbouldia laevies extracts at
three dose levels (100, 200 and 300 mg/kg, per os and
CCl4 on serum marker enzymes, total protein, albumin,
and bilirubin in CCl4-induced hepatic injury are shown
in table 2. Hepatic injury induced by CCl4 caused
significant (p < 0.05) rise in ALT, AST, ALP,
cholesterol and bilirubin, but decreases in levels of
total proteins and albumin were observed.
Administration of the plant extract and CCl4 at three
dose levels resulted in recovery as indicated by the
decrease in the hitherto increase of the serum
parameters, produced by CCl4. The effect was almost
similar to that produced by silymarin treatment.
Reduced activities of enzymatic and nonenzymatic antioxidants and elevated activity of lipid
peroxidation were seen in the CCl4 treated group,
whereas the standard silymarin and CCl4 and the
extract and CCl4 treated groups showed significant (p
< 0.05) rise in antioxidants levels with reduction in
lipid peroxidation levels when compared with the CCl4
treated control group. From the results, it is clear that
the
leaf
extracts
showed
dose-dependent
hepatoprotective activity. It was shown that at
200mg/kg, the extract exhibited a relatively high
protective action. However, the extract at 300mg/kg,
exhibited a higher protective action than the standard
drug, silymarin (100mg/kg ).
Since the changes associated with CCl4induced liver damage are similar to that of acute viral
hepatitis41, CCl4 mediated hepatotoxicity was chosen
as the experimental model. The ability of a
hepatoprotective drug to reduce the injurious effects or
to preserve the normal hepatic physiological
mechanisms which that have been disturbed by a
hepatotoxin, is the index of its protective effects42 .
The hepatotoxicity induced by CCl4 is due to its
metabolite CCl3, a free radical that alkylates cellular
proteins and other macromolecules with a
simultaneous attack on polyunsaturated fatty acids, in
the presence of oxygen, to produce lipid peroxides,
leading to liver damage24,43,44,45. Hepatocellular
necrosis leads to elevation of the serum marker
enzymes, which are released from the liver into
blood46 . Increased levels of ALT, AST, ALP, TBL
and DBL are conventional indicators of liver injury47 .
Under condition of severe oxidative stress,
free radical generation leads to protein modification.
Protein may be damaged directly by specific
interaction of oxidants or free radicals with particularly
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susceptible amino acids48 . This may be the cause of
decrease in total protein and indirectly affected the
levels of albumin. Our results show significant
(p<0.05) increase in cholesterol in the CCl4 treated
group. It has been shown that micro-viscosity of a
membrane increase markedly with increases in
cholesterol to phospholipids ratio thus leading to
cellular rigidity49 . Intoxication of rats with CCl4 may
have altered membrane structure and function as
suggested by the increase in cholesterol level50.
Antioxidant activity or the inhibition of the
generation of free radicals is important in the
protection against CCl4 -induced hepatopathy52 .
The body has an effective defence mechanism to
prevent and neutralize free radicals-induced damage.
This is accomplished by a set of endogeneous
antioxidant enzymes such as catalase, superoxide
dismutase and glutathione peroxidase. These enzymes
constitute a mutually supportive team of defense
against reactive oxygen species (ROS)53 . In CCl4 induced hepatotoxicity, the balance between ROS
production and antioxidant defenses may be lost hence
oxidative stress results which, through a series of
events deregulate cellular functions leading to hepatic
necrosis. The reduced activities of catalase observed
point out the hepatic damage in the rats administered
with CCl4. But the extract treated groups showed
significant (P<0.05) increase in the level of these
enzymes, which indicates the antioxidant activity of
the plant extract.
Regarding non-enzymic antioxidants, reduced
GSH is a critical determinant of tissue susceptibility to
oxidative damage and the depletion of hepatic GSH
has been shown to be associated with an enhanced
toxicity to chemicals, including CCl454 . In the present
study, a decrease in hepatic tissue GSH level was
observed in the CCl4 treated groups. The increase in
hepatic GSH level in the rats treated with the plant
extract and CCl4 may be due to de novo GSH synthesis
or GSH regeneration. Our findings of a significant
(p<0.05) decrease in the levels of vitamins C and E
(strong non-enzymic antioxidant) in treated CCl 4
group when compared to the normal control and
extract with CCl4 treated group, was corroborated with
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the findings of Narasimhanaidu and Ponnaian48, who
show that under condition of severe oxidative stress,
massive production of reactive species may also lead
to the depletion of protective physiological moieties
such as glutathione, vitamins C and E and
ceruloplasmin in rats. Glutathione through its
significant reducing power contributes to the recycling
of other antioxidants such as vitamins C and E, that
have become oxidized54.
The level of lipids peroxide is a measure of
membrane damage and alterations in structure and
function of cellular membranes. In the present study,
significant (p<0.05) elevation of lipid peroxidation in
the liver of rats treated with CCl4 was observed. The
increase in MDA levels in the liver suggests enhanced
lipid peroxidation leading to tissue damage and failure
of antioxidant defense mechanisms to prevent the
formation of excessive free radicals47. This is also in
agreement with the findings of Moscrella 55 and
Patrick-Iwuan56 who established that high serum levels
of MDA in patients with liver cirrhosis was correlated
with lower serum levels of vitamin E. Treatment with
Newbouldia laevis plant extract significantly reversed
these changes.
Histopathological studies showed that CCl4
caused fatty degeneration, necrosis and balloning
degeneration of hepatocytes.
Pre-treatment with
Newbouldia laevies plant extracts exhibited protection,
which confirmed the results of biochemical studies.
The results of our study indicated that simultaneous
treatment with the plant extracts protects the liver
against CCl4 - induced hepatotoxicity.
Presence of flavonoids and other phenolic
compounds in this plant might have scarvenged the
free radicals thus offering hepatoprotection.
Flavonoids, phenolic acids and some terpenoids have
been reported to possess antioxidant activities by
different mechanisms 57. Phytochemicals have also
been reported to have medicinal uses58. This present
study has provided an empirical basis for the use of
Newbouldia laevies in traditional medicinal practices.
Studies on structural elucidation of the active
component(s) and mechanism of action of Newbouldia
laevies are there fore recommended.
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Table 1. Effect of leaf extracts of Newbouldia laevies on serum liver function indices in CCl4 - induced acute hepatic injury in rats
GROUPS

ALAT(u/l)

ASAT(u/l)

T.P(g/dl)

ALB(g/dl)

TBL(μmol/l)

DBL(μmol/l)

ALP(u/l)

Group I

18.51±0.53

13.84±0.94

9.89±0.63

4.50±0.31

Group II

34.38±1.45

30.53±1.99α

6.94±0.36α

Group III

17.05±0.87*β

13.84±0.68* β

Group IV

18.12±0.59*β@

Group V
Group VI

17.88±0.78

12.51±1.36

104.88±2.67

2.48±0.10

2.76±0.06α 

23.42±1.00α 

14.88±1.25α 

321.54±4.78α

4.04±0.18α 

10.12±0.23*β

4.48±0.35*β

14.08±0.96α β

10.17±0.27αβ 

139.38±2.11αβ 

2.68±0.13αβ

21.10±0.49αβγ

9.71±0.48*β@

3.81±0.37αβγ

16.28±0.40 αβγ

12.77±0.22*βγ 

193.20±1.59 αβγ 

2.85±0.11αβ@

16.43±1.05αβ@

12.75±0.99*β@

10.14±0.62*β@

4.55±0.28*β@

14..59±0.76 αβ@ 11.46±0.65*βγ 

128.62±6.32 αβγ 

2.40±0.12*βγ 

16.33±0.95αβ@

11.69±0.61αβγ 

10.56±0.41*β@

4.88±0.36*βγ

10.62±0.44 αβγ

107.64±2.67*βγ 

9.68±0.12 αβ@

CHOL(mmol/l)

2.32±0.07*βγ 

Values are means ±standard error of the mean, n=6, Comparison were made between:
“a” - Group I vs II, III, IV, V and VI; “b” - Group II vs III, IV, V and VI; “c” - Group III vs IV, V, and VI, using Duncan’s multiple comparison test.
ALAT= Alanine transaminase, ASAT= Aspartate transaminase, TP= Total Protein, ALB = Albumin, TBL = Total bilirubin, DBL= Direct bilirubin
ALP= Alkaline phosphatase, CHOL= Cholesterol.
α= represents statistical significance vs I: p<0.05
 β = represents statistical significance vs II: p<0.05
γ = represents statistical significance vs III: p<0.05
*= represents non statistical significance vs I: p>0.05
@= represents non statistical significance vs III p>0.05
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Table 2. Effect of leaf extracts of Newbouldia laevies on liver enzymatic and non-enzymatic antioxidant levels in CCl4 -induced
hepatic injury in rats.

______________________________________________________________________________________________________
_
Groups

Vitamin C (mg/dl)

Vitamin E(mg/dl)

Catalase(U/mg tissue) Reduced glutathione
(mg/100ml)

Lipid peroxides
(nmoles of MDA/g
tissue)x10-5
_______________________________________________________________________________________________________________
_
Group I
69.58±4.67
4.90±0.30
1.18±0.03
218.59±26.32
0.176±0.04
Group II
26.34±0.83α
2.41±0.05α 
0.63±0.03*
129.69±11.06α 
1.232±0.02 α 
Group III
50.83±0.53αβ
5.58±0.66*β 
1.43±0.21*β 
217.70±16.64*β 
0.138±0.05*β 
Group IV
44.83±4.03αβγ 
7.46±0.64αβγ 
1.72±0.01* β@
260.65±12.30αβγ 
0.203±0.04*βγ 
αβγ
 αβγ
αβγ
αβγ

Group V
75.43±0.43
9.53±1.19
2.11±0.19 
269.62±11.93 
0.101±0.02αβ@
Group VI
77.50±0.91αβγ
9.53±1.19 αβγ
2.63±0.41 αβγ 
324.89±7.92 αβγ
0.087±0.04 αβγ 
_______________________________________________________________________________________________________________
Values are means ± standard error of the mean; n=6, Comparisons were made between: “a”- group I vs II, III, IV, V, IV; “b”- Group II vs III, IV, V and
VI; “c”- Group III vs IV, V, VI, using Duncan’s multiple comparison test.
 α =Represents statistical significance vs I: p < 0.05
 β =Represents statistical significance vs II: p < 0.05
 γ=Represents statistical significance vs III: p < 0.05
* =Represents non statistical significance vs I: p > 0.05
@ =Represents non statistical significance vs III: p > 0.05
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Table 3. Phytochemical constituents of leaf extracts of Newbouldia laevies.

________________________________________________________________________________________________________
ALK SAP TAN GLY VLO FLA FLG CGS SAG ATQ BAL RES TRP TER STR CYG
+++

+++

-

+++

+++

+++

+

-

+++

+++

+++

+++

+++

+++

-

-

_________________________________________________________________________________________________________
-= Absence, + = Presence in trace amount, +++ = Presence, ALK = Alkaloids, SAP=Saponins, TAN=Tanins,
GLY=Glycosides, VLO=Volatile oil, FLA=Flavonoid aglycones, FLG=Flavonoid glycosides, CGS=Cardiac glycosides,
SAG=Saponin glycosides, ATQ=Anthraquinone, BAL=Balsams, RES=Resins, TRP=Triterpenoids, TER=Terpenoids,STR=Steroids,
CYG=Cyanogenic glycosides.
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Fig.1. Liver sections of normal rat (control) administered with liquid paraffin (1ml/kg)showing no
histopathological lesion.Hematotoxylin and Eosin (H & E)x400.

Fig. 2. Liver section of rat administered with CCl4 (1ml/kg,i.p) showing diffuse severe peripheral necrosis,
massive fatty change and ballooning degeneration of hepatocytes.Hematotoxylin and Eosin (H & E)x400.

Fig. 3. Liver section of rats treated with Silymarin (100mg/kg,p.o.) + CCl4 (1mn/kg, i.p.) X 6 days, showing
very mild peripartal fatty change, ballooning degeneration and hepatocellular necrosis. Hematotoxylin
and Eosin (H & E)x400.
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Fig.4. Liver section of rats treated with plant extract (100mg/kg. P.O)+CCl4 (1ml/kg, i.p.) X 6 days, showing:
fatty change, ballooning degeneration and peripheral hepatocellular necrosis. Hematotoxylin and Eosin
(H & E)x400.

Fig. 5. Liver section of rats treated with plant extract (200mg/kg, p.o.) + CCl4 (1ml/kg,i.p) x 6 days showing
focal areas of fatty change and no significant lesion. Hematotoxylin and Eosin (H & E)x400.

Fig. 6. Liver section of rats treated with plat extract (300mg/kg, p.o.)+CCl4 (1ml/kg, i.p.) X 6 days, showing:
very mild fatty change at portal areas but no significant lesion.Hematotoxylin and Eosin (H & E)x400
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