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Abstract

Many consumers of Jatropha tanjorensis leaves claim that the leaves are nutritious and in addition,
possess nutraceutical properties that promote good health. Such claims can be misleading since there is
no scientific data to validate their claims. This study evaluated the nutritional and antioxidant
properties of the aqueous extract of Jatropha tanjorensis leaves in carbon tetrachloride induced male
Wistar albino rats with the aim of validating some nutritional and nutraceutical properties claimed by
local consumers. Anti-nutritional factors, vitamins, proximate and mineral compositions were
determined using standard analytical protocols. Acute toxicity and antioxidant properties were
investigated with 18 male mice and 30 male Wistar albino rats respectively. The data obtained were
statistically analysed using one-way analysis of variance. Anti-nutritional analysis revealed presence of
alkaloids and phytate in relatively high amounts while glycosides and tannins were undetected. The
leaves have nutritionally good proximate composition. High vitamin A, low vitamins B1 and C and
undetectable level of vitamin E were also observed in the leaves. Relatively high amount of sodium
(402.20 = 1.97 ppm) and iron (50.67 + 0.76 ppm) were observed. Acute toxicity study revealed the
relative safety of the aqueous extract as no mice exhibited signs of toxicity or death after 24 hours of oral
administration. The CCl; induction caused significant (p<0.05) decrease in antioxidant enzymes
activities when compared with the normal control, however, treatment with graded doses of the extract
resulted in significant (p<0.05) dose dependent increase in catalase, superoxide dismutase and
glutathione peroxidase activities and significant (p<0.05) dose dependent decrease in malondialdehyde
concentration when compared with the positive control. It is concluded that the leaves are nutritionally
rich and possess antioxidant properties that could effectively ameliorate oxidative stress; however,

excessive consumption may impair bioavailability of some nutrients due to high phytate content.

Keywords: Jatropha tanjorensis leaves, Anti-nutrients, Nutritional compositions, Carbon tetrachloride, Anti-oxidative
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Introduction

The growth of traditional medicine has long been attributed to
ever increasing medicinal plants rich in pharmacologically
active components with proven efficacy against some well-
known diseases and medical conditions [1]. Use of traditional
medicines in treatment and management of various disease is
now encouraged by World Health Organisation (WHO) due to
their readily availability, cost effective and high potency
against some diseases [2]. Many traditionally known medicinal
plants studied in the last few decades have been reported to
possess various medicinal properties such as anticancer
activity, antioxidant activity, anti-inflammatory, anti-diabetic,
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antibacterial, antifungal and hepato-protective activities [3].
Medicinal plants are key sources of bio-active compounds for
herbal medicine, antibiotics, antioxidants, and pharmaceutical
drugs [4]. There is virtually no plant on earth without any
health benefit; however, there are many plants with yet to be
discovered health benefits. Their bio-active constituents can be
used in whole or as extracted forms for the management of
ailments due to the available findings that they possess little or
no side effects, readily available and can protect humans
against many diseases [5].

Jatropha tanjorensis is a perennial herb that belongs to the
family Euphorbiaceae whose common name includes: catholic
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vegetables, Jatropha, ‘Hospital too far’, lapalapa and Iyana
ipaja in Yoruba language [5]. The leaves are employed
traditionally in the treatment of anaemia, diabetes and
cardiovascular diseases [6]. It is a traditionally used medicinal
plant in South-Eastern Nigeria with many claims from local
consumers that it possesses blood replenishing properties [6]. It
has been reported that Jatropha leaves are rich in beta
blockers, anti-cancer agents, anti-anaemic, anti-microbial
activities, anti-plasmodial and anti-oxidant effects against
oxidative stress induced by malaria parasite [7,8].

Although, studies have been carried out on J. tanjorensis, none
of such researches have addressed the antioxidant potentials of
lyophilized aqueous extract of Jatropha tanjorensis leaves.
Most local consumers consume the aqueous extract of J.
tanjorensis for its health benefits while researchers have
provided scientific data from either methanol or ethanol
extracts to support or counter claims from local consumers [8].

The generation of free radicals has been shown to be the
mechanism of CCly induced oxidative stress or hepatotoxicity.
That is CCly; when metabolized by cytochrome P-450 yields a
reactive metabolite, trichloromethyl radical (CCl;") which
initiates a cascade of free radical reactions resulting in an
increase in lipid peroxidation and a reduction in some
antioxidant enzymes activities [9]. A number of studies have
shown that plant extracts having antioxidant activities protect
against CCly induced oxidative stress and hepatotoxicity by
inhibiting lipid peroxidation and enhancing antioxidant
enzymes activities [10]. In this study, nutritional and
antioxidant properties of lyophilized aqueous extract of J.
tanjorensis leaves in CCly induced male Wistar albino rats was
investigated to validate some claims by local consumers on the
nutritional and antioxidant properties of the J. fanjorensis
leaves to ensure optimal utilization of the plant leaves for
human benefits.

Materials and Methods

Plant material

J. tanjorensis leaves were collected from Woji in Obio-Akpor
Local Government Area of Port-Harcourt, Rivers State,
Nigeria and identified by Mr. Alfred Ozioko of the
Bioresources Development and Conservation Programme
(BDCP) Research Centre Nsukka, Enugu State, Nigeria.

Animals

18 male Wistar albino mice weighing 25-35 g were used for
the acute toxicity (LD50) study and thirty male Wistar albino
rats weighing 125-160 g were used for the investigation of
anti-oxidant properties of J. tamjorensis leaves against
oxidative stress caused by CCly induction respectively. The
animals were purchased from the Department of Zoology and
Environmental Biology, Faculty of Biological Sciences,
University of Nigeria, Nsukka, acclimatized for 7 d, fed
standard grower feed, and allowed free access to drinking
water ad libitum.
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Preparation of plant extract

Fresh J. tanjorensis leaves were dried under shade within a
temperature range of 26-28°C and ground into fine powder
with an electric blender. A quantity, 653.81 g of the finely
ground sample was macerated in 2.5 L of distilled water in a
sterile clean plastic container for 24 h after which it was
filtered with Whatman No. 4 filter paper into a clean
volumetric flask. The filtrate was lyophilized, weighed and
stored in desiccators.

Experimental design

Thirty male Wistar albino rats were randomly distributed into 6
groups of 5 rats each with group 1 as the normal control that
received only distilled water. Group 2 served as the positive
control that was CCl, induced but not treated, group 3 as the
standard control that was CCl, induced but treated with 200
m/kg b. wt. of vitamin C. Groups 4-6 were CCly induced and
treated with 100, 200 and 400 mg/kg b. wt. of lyophilized
aqueous extract of J. tanjorensis leaves respectively. The
extract was administered to the rats orally with gavage tube
every 24 h for 14 d. Blood samples were collected into plain
tube to assay for the selected antioxidant enzymes and lipid
peroxidation product on the 15" d and the rats were sacrificed.
The guide for the care and use of laboratory animals’
procedures were followed in this study [11].

Induction of oxidative stress

Oxidative stress was induced with carbon tetrachloride (CCly)
in olive oil as a vehicle. The two liquids were mixed in the
ratio of 2:1 (2 ml of carbon tetrachloride and 1 ml of olive oil)
and administered by intraperitoneal injection of a single dose
of 10 ml/kg body weight of the rats. The rats were allowed to
stay for 72 h after administration of CCl; without any
treatment to allow the establishment of significant oxidative
stress.

Qualitative determination of anti-nutritional factors
The qualitative anti-nutrients analyses were conducted using
the methods of Harborne et al. [12,13].

Quantitative determination of anti-nutritional factors

Alkaloids, saponins, oxalate and cyanide contents were
determined according to the methods described by Harborne
[12]. Total phenol, and phytate contents were determined as
described by the methods of Velioglu et al. [14,15].

Proximate analysis

The crude fibre, crude protein, moisture and ash content of the
J. tamjorensis leaves were determined using the methods
described by AOAC [16]. The soluble carbohydrate was
calculated by difference.
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Determination of some vitamins concentrations in the
J. tanjorensis leaves

The concentration of vitamin B1 (riboflavin) was determined
using the method of scalar [17]. Vitamins A, C and E were
determined using the methods described by Pearson [18].

Mineral analysis

The sample was digested as described by the method of Falade
et al., and mineral contents were analysed by Atomic
absorption spectrophotometer (ALPHA 4 model, Fisons Chem-
Tech, Analytical, UK) [19].

Acute toxicity test (LD50)

The acute toxicity study of the lyophilized aqueous extract of
J. tanjorensis levels were carried out according to the method
described by Lorke [20].

Assay of catalase (CAT) activity

The catalase activity was assayed according to the method
described by Aebi [21].

Principle: The principle of assaying catalase activity using this
method is based on the measurable ultraviolet absorption of
hydrogen peroxide at 240 nm. Decomposition of hydrogen
peroxide by catalase activity leads to decrease in absorption of
hydrogen peroxide absorption at 240 nm. The observed
decrease in absorption of hydrogen peroxide with time is
proportional to catalase activity.

Assay of superoxide dismutase (SOD) activity

The superoxide dismutase activity was assayed according to
the method of Xin et al. [22].

Principle: The superoxide dismutase activity is determined
using this method due to the ability of superoxide dismutase to
inhibit the autoxidation of adrenaline. Superoxide generated by
the xanthine oxidase reaction causes oxidation of adrenaline to
adrenochrome. The concentration of adrenochrome produced
per superoxide introduced increases with pH and also with
increasing concentration of adrenaline.

Assay of glutathione peroxidase (GPx) activity

The glutathione peroxidase activity was assayed using the
method of Ursini et al. [23].

Principle: Glutathione peroxidase catalyses the oxidation of
reduced glutathione (GSH) by cumene hydroperoxide. In the
presence of glutathione peroxidase and NADPH, the oxidized
glutathione (GSSG) is immediately reduced to GSH and
simultaneously oxidizes NADPH to NADP+resulting in
decrease in NADPH absorbance at 340 nm. The decrease in
absorbance of NADPH at 340 nm is proportional to glutathione
peroxidase activity.
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Determination of lipid peroxidation
(malondialdehyde)

Lipid peroxidation was determined spectrophotometrically by
measuring the level of the lipid peroxidation product,
malondialdehyde (MDA) as described by Wallin et al. [24].

Principle: The principle for this method is based on the
reaction of thiobarbituric acid (TBARS) with malondialdehyde
(MDA) to give a red or pink colour, which absorbs maximally
at 532 nm.

Table 1. Qualitative anti-nutrient content of J. tanjorensis leaves.

Anti-nutrients Bioavailability
Alkaloids +++

Cyanide +

Glycoside

Oxalate +

Phenolics +

Phytate ++

Saponnins +

Tannins

KEY: -1 Absent; +: Present in low concentration; ++: Present in medium
concentration; +++: Present in high concentration.

Table 2. Quantitative anti-nutrient contents of J. tanjorensis leaves.

Anti-nutrients Quantities

Alkaloid (%) 1.949 +0.83
Cyanide (mg/ml) 0.272 £ 0.01
Oxalate (mg/ml) 0.093 £ 0.01
Phenols (%) 0.079 £ 0.84
Phytate (mg/ml) 1.648 + 0.00
Saponin (%) 1.361+0.57

Values are presented as mean + standard deviation (n=3).

Statistical analysis

The data obtained from the experiment were expressed as
mean =+ standard deviation using One-Way Analysis of
Variance (ANOVA). Acceptable value of p<0.05 was
considered to be statistically significant. The Statistical
Products and Service Solutions (IBM Statistics SPSS 20 SPSS)
software version 20 was used for this analysis [25].

Results

The qualitative and quantitative anti-nutritional analyses of J.
tanjorensis leaves respectively which indicate that alkaloids are
the major anti-nutrient constituent of J. tanjorensis leaves
followed by saponins, phytate, flavonoids, phenolics, cyanide
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and oxalate in their decreasing order of concentration as shown
in Tables 1 and 2.

The result of the proximate analysis (Table 3) revealed that
apart from carbohydrate, the J. tanjorensis leaves have high
levels of crude fibre, fat and oils, and ash content while its
moisture and protein content are low.

Table 3. Proximate composition of J. tanjorensis leaves.

Proximate compositions Quantities (%)

Chigozie/Uzoma/lkechukwu/lkechukwu

Percentage yield of aqueous extract of J. tanjorensis
leaves

After the extraction of 653.81 g of dried sample of J.
tanjorensis leaves with 2.5 L of distilled water, a percentage
yield of 4.68% (31.78 g) was obtained after lyophilisation of
the aqueous extract.

Acute toxicity study of aqueous extract of J.
tanjorensis leaves

The result of the acute toxicity study of the aqueous extract of

Ash 11.565 + 0.13 -
J. tanjorensis leaves in Table 6 showed that the extract caused
Carbohydrate 51.734 £0.00 no death or adverse reactions in the mice within and after 24 h
Crude fiber 12172 +3.19 of the administration of various doses of the extract even at the
highest dose of 5000 mg/kg b. wt.
Fat and oil 11.730 + 1.03
Moisture 6.195 + 0.02 Table 6. Acute toxicity study of aqueous extract of J. tamjorensis
leaves.
Protein 6.991 £ 0.44
Values are mean + standard deviation of triplicate determination (n=3). Dosage (mglkg b. wt.) Mortality
Phase |
Analysis of selected vitamins in J. tanjorensis leaves showed Groun 1 10 o3
. . . ul
that vitamin A (48.215 + 2.790 mg/100 g) had the highest P
concentration. Vitamins B1 (0.0201 £+ 0.001 mg/100 g) and C Group 2 100 0/3
(0.(')347' + Q.OOO mg/100 g) occurred at low concentrations, Group 3 500 /3
while vitamin E was not detected (Table 4).
Phase Il
Table 4. Vitamins composition of J. tanjorensis leaves.
) Group 4 1000 0/3
Vitamins (mg/100 g) Quantities Group 5 2900 0/3
Vitamin A 48.215 £ 2.790 Group 6 5000 0/3
Vitamin B1 0.0201 + 0.001
Vitamin C 0.0347+ 0.000
Vitamin E Not detected

Values are mean * standard deviation of triplicate determination (n=3).

Table 5. Mineral content of J. tanjorensis leaves.

Minerals Quantities (ppm)
Copper 5.40+0.40

Iron 50.67 + 0.76
Manganese 4.15+0.10
Molybdenum 1.33+£0.03
Potassium 3.17£0.10
Sodium 402.20 £ 1.97

Values are presented as mean + standard deviation (n=3).

The results of the mineral analysis J. tanjorensis leaves in
Table 5, show that sodium is the most abundant mineral,
followed by iron, copper, manganese in decreasing order of
concentration with molybdenum as the least abundant mineral
in the leaves.
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Mean Catalase Activity (U/L)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Treatment Groups

Bars are presented as mean + standard deviation

Figure 1. Effect of aqueous extract of J. tanjorensis leaves on
catalase activity in CCl-induced male Wistar albino rats.

The effect of aqueous extract of J. fanjorensis leaves on
catalase activity in normal and CCly-induced male Wistar
albino rats as shown in Figure 1. The CCly-induced groups 4, 5
and 6 treated with 100, 200 and 400 mg/kg b. wt. of the extract
respectively showed a dose dependent significant (p<0.05)
increase in catalase activity were observed when compared to
group 2 (untreated CCly-induced rats) that served as the
positive control. The catalase activity of the positive control
(group 2) was significantly (p<0.05) lower when compared
with catalase activity of the normal control (group 1).
However, it was observed that there were non-significant
(p>0.05) increase in the catalase activity of groups 3 and 4 rats
when compared with the normal control while significantly
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(p<0.05) increased catalase activity were observed in groups 5
and 6 when compared with the normal control.

The positive control (group 2) had significantly (p<0.05) lower
superoxide dismutase activity when compared with the normal
control (group 1) as revealed by Figure 2. It also showed that
there was no significant (p>0.05) decrease in the SOD activity
of the standard control (group 3) treated with vitamin C when
compared with the normal control rats. The CCly-induced rats
in groups 4, 5, and 6 treated with 100, 200, and 400 mg/kg b.
wt. of the aqueous extract of J. fanjorensis respectively showed
no significant (p>0.05) decrease in SOD activity when
compared with the normal control and had dose dependent
increase in the SOD activity when compared with the positive
control.

14.0

12.0

Mean SOD Activity (U/L)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Treatment Groups

Bars are presented as mean + standard deviation

Figure 2. Effect of aqueous extract of J. tanjorensis leaves on
superoxide dismutase (SOD) activity in normal and CCl induced
male Wistar albino rats.

Mean GPx Activity (TU/L)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Treatment Groups

Bars are presented as mean * standard deviation

Figure 3. Effect of aqueous extract of J. tanjorensis leaves on
glutathione peroxidase (GPx) activity in normal and CClsinduced
male Wistar albino rats.

The positive control (group 2) had significantly (p<0.05) lower
superoxide dismutase activity when compared with the normal
control (group 1) as revealed by Figure 2. It also showed that
there was no significant (p>0.05) decrease in the SOD activity
of the standard control (group 3) treated with vitamin C when
compared with the normal control rats. The CCly-induced rats
in groups 4, 5, and 6 treated with 100, 200, and 400 mg/kg b.
wt. of the aqueous extract of J. fanjorensis respectively showed
no significant (p>0.05) decrease in SOD activity when
compared with the normal control and had dose dependent
increase in the SOD activity when compared with the positive
control.

The effect of aqueous extract of J. fanjorensis leaves on
glutathione peroxidase (GPx) activity in normal and CCly-
induced male Wistar albino rats as shown in Figure 3. There
were significant (p<0.05) increase observed in GPx activity of
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groups 4, 5 and 6 when compared with the normal control.
However, the GPx activity of the positive control (group 2)
was significantly (p<0.05) lowered when compared with the
normal control and the groups treated with various doses of the
aqueous extract and standard control respectively.

There were significant (p<0.05) increase in MDA
concentration of the positive control when compared with
normal control group as observed in Figure 4. The result
further showed significant (p<0.05) increase in the MDA
concentration of the standard control (group 3) when compared
with the normal control. However, groups 4, 5 and 6 that were
CCly induced but treated with 100, 200, and 400 mg/kg b. wt.
of the aqueous extract respectively showed significant (p<0.05)
decrease in the MDA concentrations in a dose dependent
manner when compared with the positive control group.
Groups 4, and 6 exhibited significant (p<0.05) increase and
decrease respectively in MDA concentrations when compared
with the standard control.

12
1.0
0.8

06
0.4

W
0.0

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Mean MDA Conc. (mg/dL)

Treatment Groups
Bars are presented as mean + standard

Figure 4. Effect of the aqueous extract of J. tanjorensis leaves on
MDA concentration of CCly induced male Wistar albino rats.

Discussion

This study evaluated nutritional and antioxidant potentials of
aqueous extract of J. tamjorensis leaves using carbon
tetrachloride induced male Wistar albino rats. Free radicals are
known to be associated with many diseases and disorders such
as neurodegenerative diseases, cancer and liver damage.
Carbon tetrachloride (CCly) is potent hepatotoxic agent
commonly used for the induction of liver damage in
experimental animal with free radical generation as its most
acceptable mechanism of action [26]. Thus, both endogenous
and exogenous antioxidants could scavenge free radicals
generated by these hepatotoxic chemical and other xenobiotics
with similar mechanism of action and prevent oxidative stress
and its associated adverse health effects.

The high levels of anti-nutritional factors obtained from the
qualitative and quantitative anti-nutritional analyses of J.
tanjorensis leaves indicated the richness of the leaves in
important pharmacologically bioactive compounds which
could confer some health benefits to those who consume them
in right quantity but could affect the bioavailability of some
nutrients most especially minerals as they could bind or
complex with them and make them non-bioavailable, if
consumed in excess. The high levels of alkaloids, and phytates,
and relatively low levels of saponins, cyanides, oxalates, and
phenols observed in this study with known health promoting
effects are in agreement with the findings of Arun et al.
[27,28]. Plants rich in alkaloids are used in treating stomach
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ache, vomiting, intestinal worms, constipation, dysentery and
diarrhoea [29]. Phytate functions as a chelating agent and also
an anti-oxidant capable of suppressing oxidative reactions
catalysed by iron in a living system and in like manner
saponins reduce the uptake of glucose and cholesterol by intra-
lumenal physicochemical interaction at the gut thereby
ameliorating adverse health effects associated with
hyperglycaemia hypercholesterolemia in diabetic patients [30].
Kahkonen et al. reported that the concentrations of total
phenolics in food are used as one of the major determinants of
antioxidant potentials of food from plant sources [31].
However, cyanide, and oxalate could be toxic to the body when
they are present in high concentrations but could be easily
detoxified into harmless metabolites and excreted out of the
body. The presence of these bioactive compounds in moderate
concentrations is of great advantage as their health benefits
could be maximized without experiencing their toxic effects as
much of these compounds will be lost through processing.

The high levels of the mineral contents recorded in this study
suggest that the leaf extract is rich in important micronutrients
which could prevent micronutrient deficiency in individual
who consume the plant leaves in right proportion. Sodium and
molybdenum were found to be the most abundant and least
abundant cations respectively contrary to the findings of Arun
et al., who reported that iron and sodium were the most
abundant and least abundant mineral J. tanjorensis leaves
respectively [27]. The observed difference could be due to the
difference in soil nutrient, and geographical locations of the
plants which may have affected the uptake of these minerals
from soil. All these minerals play vital roles in maintaining
electrolyte balance within and between intracellular and
extracellular environment including functioning as cofactor for
enzymes that require them for their normal catalytic activities.

The proximate composition recorded in this study showed that
J. tanjorensis leaves are nutritionally rich with high ash content
that suggests its richness in mineral elements, thus,
consumption of this plant leaves in right proportion could help
in the prevention of micronutrient deficiency. The low
moisture content in J. fanjorensis leaves indicates that the
leaves have long shelf life due to the ability of low moisture to
delay microbial and biochemical activities leading to spoilage
while the low protein content suggests that the leaves could be
poor protein source unless amino acid analysis showed that it is
rich in essential amino acids. The high level of crude fibre
content indicates that the plant leaves are good source of the
crude fibre which confers some health benefits such as healthy
colon, anti-hypercholesterolemia, efficient digestion and rapid
bowel movement in individuals who consume them. Although,
carbohydrate is the major proximate constituent, individuals
consuming this leaves may not obtain the required quantity and
must consume other major carbohydrate sources to meet the
energy need as leaves generally are not good sources of
carbohydrate. The leaves also have high fats and oil content
which could be of economic importance if they are rich in
essential oils.
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The acute toxicity (LD50) study of the aqueous extract of J.
tanjorensis leaves indicated that the plant leaves are relatively
non-toxic as no mortality or adverse reactions were recorded in
groups of mice treated orally with graded doses of the aqueous
leave extract, even when 5000 mg/kg b. wt. was administered.
Thus, it could be inferred from this finding that the lethal dose
(LD50) for the plant extract lies above 5000 mg/kg body
weight and suggests the high tolerance and safety level of the
plant extract within the administered doses. The observed high
safety level of plant extract is consistent with the findings of
Igbinaduwa et al. who independently evaluated acute toxicity
of aqueous and methanol extract of J. tanjorensis respectively
and reported no death or any adverse reactions [32,33].

There are accumulating data showing that carbon tetrachloride
(CCly) induces oxidative stress through generation of highly
reactive trichloromethyl radicals (CCl;") and trichloromethyl
peroxy radical (CCl300%) that cause lipid peroxidation and
subsequent tissue damage [34]. Administration of CCly leads
to the generation of a peroxy radical, which is associated with
inactivation of catalase and glutathione peroxidase leading to
their decreased activities in conditions of oxidative stress [35].
This probably explains the significant (p<0.05) decrease in
catalase (CAT), superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activity observed in rats challenged with
CCly in this study. The reduced activity of these enzymes could
be attributed to the scavenging actions of these enzymes on
radicals produced by CCly during oxidative damage and lipid
peroxidation. Reduced activities of the antioxidant enzymes
could also be due to CCly-induced liver injury, as the ability of
the hepatocytes to replenish the enzymes is reduced during
liver damage. The observed significant (p<0.05) increase in
catalase activity in the CCly induced rats in a dose dependent
manner when the aqueous extract of J. tanjorensis leaves was
administered when compared to the positive control could be
attributed to the antioxidant activity of the plant’s aqueous leaf
extract. The dose dependent antioxidant activity observed in
this study may also be due to bioactive components found in
the aqueous extract such as vitamin C, flavonoids and
phenolics. The increase in the activity of these antioxidant
enzymes suggest that the plant extract possess Dbetter
antioxidant properties at higher doses than at lower doses. This
plant extract may also act by increasing the synthesis of
antioxidant enzymes that help scavenge reactive oxygen
species or by activating already existing antioxidant enzymes,
thus increasing its activity in line with findings of Madubuike
et al. [35]. Generally, in this study, it could be seen that the
catalase, superoxide dismutase and glutathione peroxidase
activities of the group that received carbon tetrachloride alone
was clearly compromised when compared to the normal
control, however, this observation was reversed on treatment
with standard drug and the aqueous extract of J. tanjorensis
leaves respectively.

The concentration of malondialdehyde (MDA), a lipid
peroxidation product is generally used as an index of lipid
peroxidation [36]. The concentration of MDA usually rise in
experimental animals induced with CCly due to high level of
free radicals generated by this chemical causing increases in
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oxidative stress and its associated adverse health effects most
especially lipid peroxidation as a result of the imbalance
between oxidants and antioxidant [37]. The significant increase
observed in the MDA concentration of the positive control
which was CCly induced but not treated could be attributed to
the inability of the antioxidant system to counter the activity of
the excessive free radicals generated by the CCly which led to
elevated levels of lipid peroxidation. The significant (p<0.05)
decrease in MDA concentrations observed in the CCly induced
extract treated groups when compared with positive control
could suggest that the aqueous leaves extract is rich in
antioxidant properties which might have effectively scavenged
the free radicals generated by the CCly induction and prevented
lipid peroxidation. The extract could have achieved this
through the activity of non-enzymatic antioxidants present in
the extract or through the induction of antioxidant enzymes
depicted by their increased activities [26].

Conclusion

The findings of this study suggest that J. tanjorensis leaves are
nutritionally rich and possess abundant anti-oxidant properties
that cold effectively ameliorate the effects of oxidative stress
caused by excess reactive oxygen species generated by the
CCly, and other free radicals from metabolic reactions and
xenobiotics with similar mechanism of actions. The plant
extract also contains anti-nutritional factors which could impair
bioavailability of some nutrients if consumed in excess.

Ethical Approval

The guide for the care and use of laboratory animals’
procedures were followed in this study as outlined Indian
Council of Medical Research [11].
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