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Objective: To evaluate in vivo antioxidant and hepatoprotective activities of the methanolic
extract of the root of Cassia singueana in rats following acute and chronic carbon tetrachloride
intoxication. Methods: Malondialdehyde (MDA), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and bilirubin as indices of liver damage and lipid peroxidation were
detected in rats after intraperitoneal administration of extract (5 mg/kg). Results: The liver,
kidney and heart showed significant reduction (P<0.05) in the levels of MDA from (0.18+0.04), (0.23
+0.07) and (0.26+0.10) nmol/mg respectively in the CCl, control to (0.15+0.03), (0.17+0.04) and (0.17
+0.07) nmol/mg protein in groups pre—treated with the extract for three days at 5 mg/kg). Similarly,
compared to the CCl, control, significant reduction (P<0.05) in serum AST, ALT and bilirubin
as well as in level of total cholesterol and MDA with concomitant increase in HDL cholesterol,
superoxide dismutase and catalase levels when CCl,—intoxicated rats were treated with Cassia
singueana root extract for two weeks. Conclusions: These results suggest that methanolic extract
of Cassia singueana contain potent antioxidant compounds that can offer significant protection

against hepatic and oxidative injuries.

1. Introduction

The oxidation of lipids, proteins, carbohydrates, DNA and
other biological molecules by toxic reactive oxygen species
(ROS) can cause DNA mutation which serve to damage
target cells and tissues, often resulting in cell senescence
and deathlll. However, a potent scavenger of these (ROS)
may serve as a possible preventive intervention for the
free radicals generated by these species and the diseases
they cause. This warrants the search and study of natural
antioxidants, which have indeed generated great interest in
the past few decades|2.3]. Hepatotoxicity has been reported
as one of the damages caused by free radicalsi4l. Therefore,
carbon tetrachloride, a potent hepatotoxin metabolised by
cytochrome P450 to yield toxic intermediate, trichloromethyl
radicals which cause increase in hepatic lipid peroxidation
and consequently liver damage and oxidative stress, and
hence used widely as a model of hepatotoxicity to evaluate
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hepatoprotective effects of natural products, was utilized
was this study.

The antioxidant and hepatoprotective properties of some
Nigerian and African medicinal plants and plant foods
have been studied(s-18]. These reports suggested the
antioxidant and hepatoprotective potential of Sacoglottis
gabonensis, a plant used in Nigerian beverages, against 2,4—
dinitrophenylhydrazine induced membrane peroxidation,
and also demonstrated the in vitro and in some cases, in
vivo antioxidants effect of Hibiscus esculentus, Dacryodes
edulis (G.Don), Khaya senegalensis, Moringa oleifera, Guiera
Senegalensis, J.F, Canarium schweinfurthii, Syzygium
aromaticum (L.) Merr.& Perry, Anogeissus leiocarpus,

Gongronema latifolium, Crassocephalum crepidioides,
Thonningia sanguinea and Trichilia roka Chiov.

(Meliaceae). However, nothing appears to be known about
the antioxidant effect of Cassia singueana, an important
savannah medicinal plant found in Nigeria and other West
African countries.

Cassia singueana is a shrub of up to 10 m high with trunks
of up to 35 cm in diameter. It inhabits the Sahel Sudan
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Savannah vegetation belt on all soil types. It is widely
distributed in Africa in countries such as Niger, northern
Nigeria, Mali, Sudan, Eastern and Southern Africa. In
northern Nigeria, Cassia singueana is as febrifuge known
for its therapeutic effect in treating feverish conditions,
acute malaria and conjunctivitis(19], just as the activities of
the methanol extract of the root bark of this plant against
rodent plasmodium infection, pyrexia and inflammation in
mice and rats have been reportedi20l. Our mini—survey at the
beginning of this work also revealed that the root of the plant
is used for treatment of liver related diseases in some parts
of northern Nigeria. Therefore, since there appears to be no
available report on the antioxidant and hepatoprotective
effects of Cassia singueana roots, we undertook the present
study to evaluate the hepatoprotective and antioxidant
effects of the methanol extract of the root of the plant in rats
intoxicated with carbon tetrachloride (CCl,).

2. Materials and methods
2.1. Chemicals

Aspartate aminotransferase (AST), alanine aminotransferase
(ALT), bilirubin, total (HDL) cholesterol and high density
lipoprotein cholesterol kits were obtained from Randox
Laboratory Ltd. U.K. Methanol, ethanol, alpha—tocopherol,
carbon tetrachloride, thiobarbituric acid, trichloroacetic
acid and other chemicals were obtained from Sigma—Aldrich
Germany.

2.2. Plant material

The root of Cassia singueana plant (Family: Caesalpinaceae)
was obtained through a traditional herbal practitioner in
Danga town, Katsina State, Nigeria and was identified in the
Herbarium Section of the Biological Science Department of
Ahmadu Bello University, Zaria, Nigeria, where a Voucher
Number 6863 was assigned.

2.3. Experimental animals

Wistar strain of male Albino rats, body weight ranging from
160-200 g bred in the Animal House of the Department of
Biochemistry, Ahmadu Bello University, Zaria were used.
The rats were fed on pelleted commercial growers mash
(Vital feed, Jos, Nigeria), They were kept at room temperature
and were maintained ad [ibitum on tap water and growers
mash (Vitafeeds, Jos, Plateau State Nigeria) except in the
last 15 h before termination of the experiment. The animals
were housed in plastic cages under conditions of 12 h light /
12 h dark cycle and at 25 °C. The rats were weighed prior to
commencement and termination of the experiment.
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2.4. Extraction of plant materials

The roots of Cassia singueana were collected and rapidly
washed under running tap water. They were air—dried
at room temperature and made into fine powder using
mortar and pestle. Pulverized material (35 g) was placed
in the thimble of soxhlex extractor and extracted first,
using petroleum ether (300 mL) for 8 h, and then methanol
(300 mL), three times for 5 h each. The methanol extracts
were combined and dried in vacuo at 45°C using a rotary
evaporator. The yield for the methanol extract was 32%.

2.5. Experimental grouping and treatment
O (o]

The capacity of the extract to protect against hepatic injury
and oxidative stress was investigated by randomly dividing
the animals into the following groups with six rats each:
solvent only (corn oil); vitamin E only (50 mg/kg); Vitamin
E pre—treatment + CCl,; Cassia singueana only (Smg/kg)
and Cassia singueana pre—treatment + CCl, and CCl, only.
However, to establish the ameliorative effect of Cassia
singueana on pre—existing oxidative stress condition, the
following groupings were used: solvent only (corn oil); Cassia
singueana only; and CCl, pre—treatment + Cassia singueana;
vitamin E only and CCl, only. All carbon tetrachloride
treatments were performed at a dose of 0.6 mL/kg from a
33.3% solution in corn oil.

In the experiment designed to study the protective effects
of the methanol extract of the root of Cassia singueana
against oxidative stress, the animals were pre—treated with
the extract (5 mg/kg) for three days before intoxication with
carbon tetrachloride (0.6 mL/kg), which was administered
one hour after the extract treatment on the third day,
while for the ameliorative effect of Cassia singueana
methanolic extract on existing oxidative stress and liver
damage conditions, carbon tetrachloride (0.6 mL/kg) was
administered 1 h before extract (5 mg/kg) or vitamin E
(50 mg/kg) on the first day, and then extract and vitamin E
administration were continued at a dose of 2.5 mg/kg and 10 mg/kg,
respectively, for another 12 d before termination of the
experiment.

2.6. Animal sacrifice

All animals were sacrificed 24 hours following last
administration of drug or Cassia singueana extract. Animals
were sacrificed under chloroform anaesthesia and whole
blood was collected and allowed to stand for two hours
for collection of serum. All sera samples were kept in
Eppendorf tubes and stored at —20 °C until required for
assay of biochemical parameters(13-15.21]. The organs were
immediately harvested, rapidly rinsed in ice—cold normal
saline and homogenized or stored at —20°C for analysis of
malondialdehyde as indicator of lipid peroxidation.
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2.7. Tissue homogenization

The whole liver, kidneys and heart from each animal
was removed after sacrificing the animal and were rinsed
in normal saline and immediately stored in deep freezer.
Tissues were homogenized in 10 parts in ice—cold potassium
phosphate buffer (pH 7.4) using mortar and pestle. The
homogenate was centrifuged at 3000 xg for 15 min and the
supernatant collected. Protein concentration of the sample
was determined by Biuret method, using bovine serum
albumin as standard.

2.8. Assay for lipid peroxidation

Malondialdehyde level as indicator of Lipid peroxidation
was determined as thiobarbituric acid reactive substances
as described by earlier workersl14,15.22]. In this reaction, lipid
peroxidation induced by the administered CCl, generates
peroxide intermediates which upon cleavage release
malondialdehyde, a product that reacts with thiobarbituric
acid to form a coloured complex which is measured at 535 nm.
In summary, the method is as follows; one millilitre of
14% trichloroacetic acid was measured into a test tube,
Iml thiobarbituric acid (0.6%) and 50 ¢ L of the tissue
homogenate were then added. The mixture was incubated
at 80°C for 30 min in a water bath, allowed to cool rapidly
in ice for 5 min followed by centrifugation at 3 000 xg for
10 min. Malondialdehyde was measured colorimetrically
at 535 nm and the level of the level of lipid peroxidation
was calculated using the molar extinction coefficient of
malondialdehyde (1.56x10" mol/L/cm) using the formula, A
= X.CL where A = absorbance, £ = molar coefficient, C =
concentration and L = path length. All MDA concentrations

were expressed in nmol/mg tissue protein.

2.9. Determination of the activity of endogenous antioxidant

enzymes

The ability of the extract to boost the capacity of the
endogenous antioxidant enzymes was evaluated by
determining the activity of two enzymes, namely catalase
(CAT) and superoxide dismutase (SOD) as follows:

2.9.1. CAT

CAT activity was measured using the method of Abeil23].
Briefly, the method is as follow: 10 ¢t L of serum was
added to test tube containing 2.80 mL of 50 mM phosphate
buffer (pH 7.0). The reaction was initiated by adding 0.1 mL
of freshly prepared 30 mM H,0, and the decomposition
rate of H,0, was measured at 240 nm for 5 min. on a
spectrophotometer (Jenway 640 UV/Vis). A molar extinction
coefficient of 0.0411 mM 'cm™' was used to calculate the
catalase activity.
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2.9.2. SOD

SOD activity was evaluated according to the method
described by Martin and co—workers|241. In this assay, auto—
oxidation of hematoxylin is inhibited by SOD at the assay
pH; the percentage of inhibition is linearly proportional
to the amount of SOD present within a specific range. The
amount of SOD in the sample is determined in the “standard
cytochrome C” SOD unit by measuring the ratio of auto—
oxidation rates in the presence and absence of the sample.
The method can be summarized thus; exactly 920 ¢ L of
assay buffer was added into clean test tube containing 40 £+ T
of sample, mixed and incubated for 2 mins at 25 °C,
following which 40 ¢ L of hematoxylin solution was added.
This was mixed quickly and the absorbance was measured

immediately at 560 nm.
2.10. Determination of liver function parameters

Aspartate aminotransferase and alanine aminotransferase
were determined colorimetrically at 546 nm using Randox
assay kits based on the principle described by Reitman
and Frankell25]. Also, using the Randox kit, the colorimetric
assay method for conjugated bilirubin involved reaction
with diazotized sulphanilic acid in alkaline medium to form
a blue complex, while total bilirubin was determined in
the presence of caffeine, which releases albumin—bound

bilirubin that then reacts with diazotized sulphanilic acidi26].
2.11. Determination of total and HDL—cholesterol

The method of Roeschlau and colleaguesi27l was applied
using assay kits (Randox Laboratories Lid, UK) to determine
the total serum cholesterol spectrophotometrically at 546 nm
after enzymatic hydrolysis and oxidation. On the other
hand, the HDL cholesterol was determined using assay kits
(Randox Laboratories Ltd, UK) after low density lipoprotein
(LDL) and chylomicron fractions were precipitated
quantitatively by the addition of phosphotungstic acid in
the presence of magnesium ions. After centrifugation, the
cholesterol concentration in the HDL fraction contained in

the supernatant was assayed colorimetrically 540 nm.
2.12. Statistical analysts

The results on malondialdehyde (MDA), AST, ALT,
bilirubin, catalase, total and HDL-cholesterol are presented
as mean * standard deviation and statistical evaluation was
performed using Analysis of Variance (ANOVA) followed by
Duncan’s Multiple Range Test to separate the means that are
statistically different. The significance level was set at P<0.05.
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Table 1
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Levels of serum aspartate aminotransferase and alanine aminotransferase, direct bilirubin and total bilirubin of rats intoxicated with CCl,

following 3 days pre—treatment with methanolic extract of Cassis singueana (5 mg/kg).

Group AST (U/L) ALT (U/L) Direct bilirubin (- mol/L) Total bilirubin (¢ mol/L)
Solvent 143.00 £ 15.15 66.00 + 3.52" 16.34 + 1.14° 18.58 + 1.39"
CCl, only 164.50 + 16.99" 81.40 + 3.01° 21.80 +1.62 33.78 £ 2.06°
Vit. E only 122.00 + 11.23° 42.00 £ 3.45" 13.78 + 1.40° 17.65 + 1.45"
Vit. E+CCl, 140.00 £ 16.18" 63.50 + 4.07" 17.37 + 1.47° 20.54 +2.30"
Extract only 128.00 = 10.40° 4520 +3.42° 15.60 + 1.66" 18.06 + 1.06"
Extract+CCl, 149.00 + 14.35 62.60 +2.82" 18.65 + 1.34¢ 21.76 + 1.84"

Values with different superscripts down the column are significantly different at P<0.05.

Table 2

Serum aspartate aminotransferase, alanine aminotransferase, direct bilirubin and total bilirubin levels in rats administration methanolic extract

of Cassia singueana root (2.5 mg/kg) for 14 days following initial CCl, intoxication (0.6 ml/kg).

Group AST (U/L) ALT (U/L) Direct bilirubin (¢ mol/L) Total bilirubin (¢t mol/L)
Solvent 201.00 £ 21.76° 73.50 + 4.45 16.78 + 0.69" 2228 +1.04°
CCl, only 358.20 + 28.84" 151.20 £9.17° 23.27 +1.26" 37.71 +3.95°
CClL+Vit. E 160.70 + 22.94" 80.40 + 6.26° 17.02 £ 1.36" 26.90 + 4.98"
CCl,+Extract 172.90 + 20.76" 87.60 £ 5.41° 19.38 + 2.04° 27.68 + 2.66"
Extract only 124.00 + 14.32° 36.90 + 4.00° 15.84 £ 2.16" 21.50 + 4.65°
Vitamin E only 114.00 + 10.66" 38.40 +3.92° 14.96 + 2.07" 19.83 £4.51°

Values with different superscripts down the column are significantly different at P<0.05.

Table 3

Levels of MDA in organs of rats intoxicated with CCl, following 3 days pre—treatment with methanolic extract of Cassis singueana (5 mg/kg).

Group Liver(nmol/mg protein) Kidney (nmol/mg protein) Heart (nmol/mg protein)
Solvent 0.17 £0.04 0.20 + 0.05° 0.19 + 0.05°
CCl, only 0.18 +0.04 0.23 +0.07° 0.26 +0.10°
Vit. E only 0.10 +0.02° 0.13 +£0.04 0.10 +0.02°
Vit. E+CCl, 0.15+0.03 0.14 £ 0.04 0.14 £ 0.03"
Extract only 0.10 = 0.03° 0.14 = 0.03" 0.12 = 0.06"
Extract+CCl, 0.15 +0.03" 0.17 + 0.04° 0.17 £ 0.07°

Values with different superscripts down the column are significantly different at P<0.05.

3. Results

The results showed that whereas CCl, caused significant
increase (P<0.05) in liver function parameters such as
aspartate aminotransferase, alanine aminotransferase
and bilirubin (direct and total), pre—treatment (Table 1)
or treatment (Table 2) with methanolic extract of Cassis
singueana root resulted in significantly lowered levels
(P<0.05) of these parameters, and no significant difference
(P>0.05) existed between the vitamin E treated and the
extract treated group.

The concentration of MDA was measured as an index
of the extent of lipid peroxidation in CCl, and extract
treated groups. It was observed that pre—treatment (Table
3) or treatment (Table 4) with methanol extract of Cassia
singueana root significantly reduced (P<0.05) the levels of
MDA in all organs evaluated in rats intoxicated with CCl,
compared to the CCl, control, especially in the liver and
the kidney. Similarly, in the CCl, intoxicated rats treated
for two weeks with methanol extract of Cassia singueana
root or with vitamin E, the levels of two endogenous
antioxidant enzymes, catalase and superoxide dismutase,

were significantly (P<0.05) boosted when compared to the
CCl, control (Figures 1 and 2). Cassia singueana root extract
also exhibited significant (P<0.05) lipid lowering capacity by
reducing the levels of total cholesterol with a concomitant
increase in the level of HDL cholesterol when compared to
the CCl, control (Figures 3 and 4).

30
25 ]
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10
1 N
0

Solevnt only CCl, only CClL+Vit. E CCl+Extract Extract only Vit E only

Treatments

SOD concentration (U/mL)

Figure 1. Levels of SOD activity of rats undergoing 72 hourly CCl,
intoxication (0.3 mL/kg) with concomitant daily administration of

methanolic extract of the root of Cassia singuena (2.5 mg/kg) for 12

days after initial CCl, dose of 0.6 ml/kg.
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Table 4

Levels of MDA in organs of rats administration methanolic extract of Cassis singueana root (2.5 mg/kg) for 14 days following initial CCl,
intoxication (0.6 mL/kg).

Group Liver(nmol/mg protein) Kidney (nmol/mg protein) Heart (nmol/mg protein)
Solvent 0.17 £ 0.05 0.19 + 0.05° 0.16 £ 0.04°

CCl, only 0.22 +0.04" 0.24 + 0.06° 0.19 = 0.06"

CCL+Vit. E 0.18 = 0.03° 0.16 = 0.03" 0.14 £0.03"
CCl,+Extract 0.18 £ 0.02° 0.17 £ 0.04" 0.16 £ 0.05°

Extract only 0.15+0.02° 0.13 +0.03" 0.13 + 0.04

Vitamin E only 0.11 +0.02° 0.12 +0.02" 0.10 £ 0.01*

Values with different superscripts down the column are significantly different at P<0.05.

Solevnt only CCl,only CClL+Vit. E  CCl+Extract Extract only Vit E only

Treatments

Catalase concentration (U/mg protein)
ST R S N =)

Figure 2. Serum catalase activity in rats administered methanolic
extract of Cassis singuena root (2.5 mg/kg) for 14 d following initial
CCl, intoxication (0.6 mL/kg).

Solevnt only CClyonly CCL+Vit. E CCl+Extract Extract only Vit E only
Treatments
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Total cholesterol (mmol/L)
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Figure 3. Serum total cholesterol in rats administered methanolic
extract of Cassis singuena root (2.5 mg/kg) for 14 d following initial
CCl, intoxication (0.6 mL/kg).
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Figure 4. Serum total HDL-cholesterol in rats administered
methanolic extract of Cassis singuena root (2.5 mg/kg) for 14 d
following initial CCl, intoxication (0.6 mIL/kg).

4. Discussion

The antioxidant and hepatoprotective effects of the

methanolic extract of the root of Cassia singueana against
CCl, induced injury in albino rats have been evaluated
in this study. When the liver cell plasma membrane is
damaged by a hepatoxin like CCl,, a variety of enzymes
normally located in the cytosol are released into the blood
stream. Measurement of the activities of these serum marker
enzymes is therefore a good assessment of liver function[28]
in disease and experimental animal models. The elevated
activities of AST and ALT observed in CCl, control rats
in this study, are thus consistent with the extensive liver
damage induced by the toxin.

The efficacy of any hepatoprotective drug is essentially
dependent on its capacity to either reduce the harmful
effects or maintaining the normal physiologic function
which has been disturbed by the hepatotoxic agent. In
line with this, administration of the methanol extract of
Cassia singuena extract significantly (P<0.05) protected or
ameliorated the changes associated with CCl,—induced liver
damage as indicated by a significant increase (P<0.05) in
the activity of two liver enzymes, AST and ALT, as well as
depressed the generation of free radicals that caused lipid
peroxidation, which in turn could produce hepatocellular
damage and enhanced production of fibrotic tissues.

The tendency of these enzymes to return towards a near
normal level in extract—treated or pre—treated groups is a
clear manifestation of the hepatoprotective and mitigating
effects of Cassia singueana. This is further supported by
the fact that the elevated level of direct and total bilirubin
which can be deemed as a useful index of the severity of
hepatocellular damage caused by CCl, treatment, were
depressed by Cassia singueana treatment. Similarly, whereas
the lowered levels of HDL—cholesterol and increased total
cholesterol recorded in the serum of CCl,~treated control
group revealed the severity of hepatopathyl5], treatment or
pre—treatment with the methanolic extract of the root of
Cassia singueana significantly prevented or ameliorated this
effect.

The increase in lipid peroxidation, a degradative process
of membrane polyunsaturated fatty acid has been suggested
to be caused by increase in malondialdehyde resulting
from CCl, toxicity in the liver. The thiobarbituric acid
reactive substances assay is the most popular method for
estimation of malondialdehyde level, a reliable indicator
of lipid peroxidation and free radical activity. Increased
lipid peroxidation usually results in changes in cellular
metabolism of the hepatic and extra—hepatic tissues, which
ultimately leads to whole cell deformity and cell deathl29.301.
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However, administration of the methanolic extract of the root
of Cassia singueana at daily intraperitoneal dose of 5mg/
kg for three days significantly prevented the elevation of
MDA in all tissues, especially the liver and the kidney. That
the level of MDA is affected in the kidney by either CCl, or
extract treatment to an appreciable level appears to suggest
that the oxidative stress in the liver is quickly accompanied
by similar effects in the kidney.

Increased synthesis of superoxide dismutase against
superoxide anion radical (0% production is usually an
adaptive response of the cell to stimulation of gene
transcription[31.32]. In the present study, a significant
decrease (P<0.05) was observed in the activity of liver SOD in
CCl, intoxicated rats, while treatment with methanol extract
of Cassia singueana root promoted the hepato—protection by
boosting the SOD level, and thus enhancing its free radical
scavenging capacity. Similarly, level of catalase, another
endogenous antioxidant defence enzyme was boosted in
extract—treated animals compared to the CCl, control.
Catalase traps the harmful hydrogen peroxide and converts
it to water and oxygen. The depletion and or inhibition of
catalase activity during CCl,—induced toxicity may be due
to the increased generation of reactive free radicals, which
can create an oxidative stress in the cell33l. That extract
treatment boosted catalase activity, thus suggests that Cassia
singueana root extract contained substances that protected
liver tissues from free radicals responsible for the oxidative
stress.

Furthermore, though increased formation of MDA in
the CCl,—treated groups of rats is an indication of lipid
peroxidation, and depletion in CAT and SOD activities could
be due to metabolic exhaustion arising from the increased
production of ROS as evident from the increased lipid
peroxidation levels. Tt has been suggested that superoxide
radicals can even inhibit CAT activity and the increased
hydrogen peroxide (H,0,) levels resulting from CAT
inhibition could concomitantly inhibit SOD activity(34l. Thus,
the increased formation of MDA observed for the CCl, control
group could be due to both the increase in hepatotoxin—
induced ROS formation and SOD inhibition[34-38]. Conversely,
the decreased in MDA level caused by treatment with the
Cassia singueana extract could be attributed to the decrease
in lipid peroxidation level with concomitant increase in CAT
and SOD activities, which should also accelerate the removal
of the ROS.

It is well documented that most medicinal plants are
enriched with phenolic compounds and flavonoids that
confer potent antioxidant effecti2l. Previous studies have
identified different classes of polyphenols, especially
flavonoids as mostly responsible for many antioxidant and
hepatoprotective effects that are observed in plant foods
and medicinal plantsi6-18]. Phytochemical studies have
indeed revealed the presence of phenols, saponins, tannins
and some traces of anthraquinones in different parts of the
planti39l. For example, from the roots of Cassia singueana,
four tetrahydroanthracene derivatives, singueanol- | and
—1II, torosachrysone and germichrysone, were isolated
in addition to pentacyclic triterpene lupeol and steroids
(campesterol, [ —sitosterol and stigmasterol). Also the stem
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bark and leaves have been reported to contain tanninsf40l,
while, the presence of the flavonoids, leucopelargonidin,
has been reported in the leavesl41l. The isolation of other
phytochemicals from other extracts of different parts of the
Cassia singueana that possess several therapeutic properties
has been reported(42.431.

The ability of a substance or group of compounds to
prevent hepatotoxicity and lipid peroxidation in vivo with
concomitant decrease in total cholesterol while increasing
level of HDL-cholesterol, as well as to boost the capacity of
endogenous enzyme system to remove ROS has interesting
implication in disease chemoprevention. This is because
ROS has been identified as a major etiological factor in
diseases like cancer, diabetes, cardiovascular dysfunction
and neurodegerative disorders[34.35l. However, it remains
to be known with certainty how Cassia singueana root
extract is able to bring about the observed antioxidant
and hepatoprotective effects. Nevertheless, put together,
the results of this work suggest that methanol extract of
Cassia singueana root possess strong hepatoprotective and
nephroprotective potential, most probably because of its
potent in vivo antioxidant and radical scavenging capacities.

Conlflict of interest statement

We declare that we have no conflict of interest.

References

[1] Shyur I, Jieh-Hen T, Je-Hsin C, Chih—Yang C. Antioxidant
properties of extract from medicinal plants popularly used in
Taiwan. Internl J Appl Sc Eng 2002; 3(3): 195-202.

[2] Atawodi SE, Adekunle OO, Bala I. Antioxidant, Organ protective
and ameliorative properties of methanol extract of Anogeissus
letocarpus stem bark against carbon tetrachloride—induced liver
injury. Internl J Pharm Sc Res 2011; 2(6): 748-753.

[3] Repetto MG, Ilesury SF. Antioxidant properties of natural

—_

compounds used in popular medicine for gastric ulcers. Braz J
Med Biol Res 2002; 35: 523-534.

[4] Plummer JL, Beckwith AL, Bastin FN, Adams JF, Cousins MJ,
Hall P. Free radical formation in vivo and hepatotoxicity due to
anesthesia with halothane. Anesthesiol 1982; 57(3): 160-166.

[5] Aniya Y, Koyama T, Miyagi C, Mihahira M, Inomata C, Kinoshita
S, et al. Free radical scavenging and hepatoprotective actions of
the medicinal herb, Crassocephalum crepidioides from the Okinawa
Islands. Biol Pharm Bull 2005; 28: 19-23.

[6] Asuku O, Atawodi, SE, Onyike E Antioxidant, hepatoprotective
and ameliorative effects of methanolic extract of leaves of Grewia
mollis Juss. on carbon tetrachloride treated albino rats. J Med
Food 2012; 15(1): 83-88. doi:10.1089/jmf.2010.0285.

[7] Atawodi SE. Antioxidant potential of African medicinal plants.
Afri ] Biotechnol 2005; 4(2): 128-133.

[8] Atawodi SE, Atawodi JC, Idakwo P, Pfundstein B, Haubner R,
Waurtele G, et al. Evaluation of the polyphenol composition and
antioxidant activity of African variety of Dacryodes edulis (G.Don)
H.J Lam fruit. J Med Food 2009; 12 (6): 1321-1325.

[9] Atawodi SE, Atawodi JC, Pala Y, Idakwo P. Assessment of the



Otiu O] et al./Astan Pacific Journal of Tropical Medicine (2013)609-615 615

polyphenol profile and antioxidant properties of leaves, stem
and root barks of Khaya senegalensis (Desv.). e J Biol 2009; 5(4):
80-84.

[10]Atawodi SE, Atawodi JC, Idakwo GA, Pfundstein B, Haubner
R, Wurtele G, et al. Evaluation of the polyphenol content and
antioxidant properties of methanol extracts of the leaves, stem and
root barks of Moringa Oleifera, Lam. | Med Food 2010; 13(3):
710-716.

[11]Atawodi SE. Polyphenol composition and in vitro antioxidant
potential of Nigerian Canarium schweinfurthii Engl. Oil. Adv Biol
Res 2010; 4(6): 314-322.

[12]Atawodi SE, Atawodi JC, Pfundstein B, Spiegelhalder B, Bartsch
H, Owen R. Assessment of the polyphenol components and in vitro
antioxidant properties of Syzygium aromaticum (L.) Merr.& Perry.
E J Environ Agric Food Chem 2011; 10(3): 1970-1978.

[13]Atawodi SE. Nigerian foodstuffs with prostate cancer
chemopreventive polyphenols. Proceedings, Science of Global
Prostate Cancer Disparities in Black Men Conference. Infect
Agents Cancer 2011; 6(Suppl 2): S2—S9.

[14]Atawodi SE. In vivo antioxidant, organ protective, ameliorative and
cholesterol lowering potential of ethanolic and methanolic extracts
of “Ata—Ofa” polyherbal tea (A-Polyherbal). Internl J Res Pharm
Sc 2011; 2(3): 473-482.

[15]Atawodi SE. Evaluation of the hypoglycemic, hypolipidemic and
antioxidant effects of methanolic extract of “Ata—ofa” polyherbal
tea (A—Polyherbal) in alloxan-induced diabetic rats. Drug Inv
Today 2011; 3(11): 270-276.

[16]Dahiru D, William ET, Nadro M. Protective effect of Ziziphus
mauritiana leaf extract on carbon tetrachloride—induced liver
injury. Afri J Biotechnol 2005; 4(10): 1177-1179.

[17]Gyamfi MA, Yonamine M, Aniya Y. Free—radical scavenging
action of medicinal herbs from Ghana Thonningia sanguinea on
experimentally—induced liver injuries. Gen Pharmacol 1999; 32:
661-667.

[18]Maduka HC, Okoye ZS. The effect of Sacoglottis gabonensis
stem bark, a Nigerian alcoholic beverage additive, on the natural
antioxidant defences during 2,4-diphenyl hydrazine—induced
membrane peroxidation in vivo. Vasc Pharmacol 2002; 39(1-2):
8121 -8131.

[19]Galadima M. Plant species and their uses. Convention Biol
Diversity Niger 2008; 257.

[20[Endo M, Naoki H.Antimicrobial and antispasmodic
tetrahydroanthracenes from Cassia singuena. Tetrahedron 1980;
36(17): 2449-2452.

[21]Shirwaikar A, Malini S, Kumari SC. Protective effect of Porigamia
pinnata flowers against cisplatin and gentamicin induced
nephrotoxicity in rats. Ind J Exptl Biol 2003; 41: 58-62.

[22]Torres RL, Torres ILS, Gamarol GD, Fontella FU, Silveira PP,
Moreira JSR, et al. Lipid peroxidation and total radical-trapping
potential of the lungs of rats submitted to chronic and sub-chronic
stress. Braz J Med Biol Res 2004; 37(2): 185-192.

[23]Abei H. Catalase. In: Method of enzymatic analysis. New York:
Academic Press; 1974, p. 673-684.

[24]Martin JP Jr, Dailey M, Sugarman E. Negative and positive assays
of superoxide dismutase based on hematoxylin autoxidation. Arch
Biochem Biophys 1987; 255: 329-336.

[25]Reitman S, Frankel SA. Colorimetric method for the determination
of glutamic oxaloacetic and glutamic pyravic transminase. Am J
Clin Pathol 1957, 28: 56-63.

[26]Jenrassik L, Groff P. Quantitative determination of total and direct

bilirubin. Biochem Z 1938; 297: 81-85.

[27]Roeschlau P, Bernt E, Gruber W. Enzymatic determination of total
cholesterol in serum. Zeits Klin Chem Klin Biochem 1974; 12:
226.

[28]Porchezhian E, Ansari SH. Hepatoprotective effect of Abutilon
indicum on experimental liver damage in rats. Phytomed 2005; 12:
62-64.

[29]Winrow VR, Winyard PG, Morris CJ, Black DR. Free radical
in inflammation: Secondary messengers and mediators of tissue
destruction. Brit Med Bull 1993; 49: 506-517.

[30]Singanan V, Singanan M. Begum H. The hepatoprotective effect
of Bael leaves (Aegle marmelos) in alcohol induced liver injury in
albino rats. Int J Sc Technol 2007; 2: 83-92.

[31]Das AV, Padyatti PS, Paulose CS. Effect of leaf extract of Aegle
marmelos (L) correa ex Roxb. on histological and ultrastructural
changes in tissues of streptozotocin induced diabetic rats. Ind J
Exptl Biol 1996; 34: 341-345.

[32]Reding P, Duchateau J, Batille C. Oral Zn supplementation
improves hepatic encephalopathy. Results of a randomized
controlled trial. Lancet 1984; 1: 493-495.

[33]Rajashree CR, Rajmohan T, Augusti KT. Antiperoxidative effect
of garlic in alcohol fed rats. J Pharm Res 2009; 2(4): 655-659.
[34]Zama D, Meraihi Z, Tebibel S, Benayssa W, Benayache S,
Vilotink AJ. Chloryrifos—induced oxidative stress and tissue
damage in liver, kidney brain and fetus in pregnant rats; The
protective role of the butanolic extract of Paronychia argentea. J

Pharmacol 2007; 39(3): 145-150.

[35]Gultekin F, Yasar N, Killinc I. In vivo changes in antioxidant
systems and protective role of melonin and a combination of
vitamin C and E on oxidative damage in erythrocyctes induced by
chloropyrifos ethyl in rats. Arch Toxicol 2001; 75: 88-96.

[36]Singh K, Singh N, Chandy A, Manigauha N. /n vivo antioxidant
and hepatoprotective activity of methanolic extracts of Daucus
carota seeds in experimental animals. Asian Pac J Trop Biomed
2012; 2(5): 385-388.

[37]Shodehinde SA, Oboh G. Antioxidant properties of aqueous
extracts of unripe Musa paradisiaca on sodium nitroprusside
induced lipid peroxidation in rat pancreas in vitro. Asian Pac ]
Trop Biomed 2012; 2(5): 449-457.

[38]Suresh Kumar RB, Kar B, Dolai N, Bala A, Haldar PK. Evaluation
of antihyperglycemic and antioxidant properties of Streblus asper
Lour against streptozotocin—induced diabetes in rats. Asian Pac J
Trop Dis 2012; 2(2): 139-143.

[39]Adzu B, Abbah J, Vongtau H, Gamaniel K. Studies on the use of
Cassia singueana in malaria ethnopharmacy. J Ethnopharmacol
2003; 88(2-3): 261-267.

[40]Kehlet AB, Hansen HH. Digestibility of selected Tanzanian
browse suspected of containing tannins. Paper presented on
the 2004 Annual meeting of the Tanzanian Society for Animal
Production (TSAP) in Moshi, Tanzania. [Online] Available from:
http://www.husdyr.kvl.dk/ htm/hhh/confpubl/ annefinal TSAP.pdf.
[Accessed on October, 2006].

[41]Armen T. Flowering plants. Kew Bull 1988; 43(2): 340.

[42]0de OJ, Onakpa MM. Evaluation of Cassia singueana extract on
stomach HCL production and gastric emptying in rats. Internl J
Appl Biol Pharm Technol 2010; 1(3): 1353 — 1358.

[43]Mutasa SL, Khan MR, Jewers K. 7-methylphyscion and
cassiamin A from the root bark of Cassia singueana. Plant Med

1990; 56(2): 244-245.





