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INTRODUCTION

Nature has been a source of  medicinal agents for thou-
sands of  years and an impressive number of  modern 
drugs have been isolated from medicinal plants. Phyto-
chemical compounds are found in plants that are not 
required for normal functioning of  the body, but have 
a beneficial effect on health or play an active role in 
amelioration of  diseases. The effectiveness phytochemi-
cals in the treatment of  various diseases may lie in their 

antioxidant effects.[1] Oxygen is an element obligatory for 
life; living systems have evolved to survive in the pres-
ence of  molecular oxygen and for most biological sys-
tems. Oxidative properties of  oxygen play a vital role in 
diverse biological phenomena. Oxygen has double-edged 
properties, being essential for life; it can also aggravate the 
damage within the cell by oxidative events.[2]

A free radical may defined as a molecule or molecular 
fragments containing one or more unpaired electrons in 
its outermost atomic or molecular orbital and are capa-
ble of  independent existence.[3] Reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) are describes 
free radicals and other non-radical reactive derivatives. 
The reactivity of  radicals is generally stronger than non-
radical species though radicals are less stable.[4] Free radi-
cals are formed from molecules by the homolytic cleavage 
of  a chemical bond and via redox reactions, once formed 
these highly reactive radicals can start a chain reaction.[5–6] 
Oxidative stress can cause damage to all molecular targets; 
DNA, proteins and lipids often it is not clear which is 
the first point of  attack, since injury mechanisms overlap 
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ABSTRACT

Indian medicinal plants (Cassia fistula, Cinnamomum cassia, Acacia catechu and Citrus limon) were analyzed to study 
their antioxidant activity. Preliminary phytochemical screening revealed that C. fistula and C. cassia are fairly richer source 
of alkaloids and flavonoids than the others plants while least amount of Saponins, tannins and terpenoids were observed 
in all studied plants. The highest free radical scavenging activity was observed in Cassia fistula (91.66 ± 4.33) whereas 
the lowest was noted in Citrus limon (67.33 ± 3.33). The activities of enzymatic antioxidants: superoxide dismutase, 
catalase, ascorbate peroxidase, glutathione reductase and polyphenol oxidase were assayed and found significantly higher 
(P < 0.05) i.e. 2.29, 1.196, 0.746, 0.951 (units/g dry tissues) and 15.15 (min/g dry tissue) respectively in Cassia fistula 
than the others, where C. cassia was recorded next plant in order to be better-off in the entire enzyme activity assessed 
except ascorbate peroxidase. The results provided the evidence that the studied medicinal plants are to be potent source 
of natural antioxidant and medicinally important compounds.

Keywords: Antioxidant activity, ascorbate peroxidase, catalase, superoxide dismutase, phytochemical screening.
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widely. The primary cellular target of  oxidative stress can 
vary; DNA is an important early target of  damage.[7]

Oxidative stress plays a role in inflammation, accelerates 
aging and contributes in variety of  degenerative condi-
tions as cardiovascular diseases, atherosclerosis, cancer, 
cataract, central nervous system disorders, rheumatoid 
arthritis, diabetes, liver diseases and AIDS.[8]

Cells manifest potent antioxidant defenses against oxida-
tive stress, counting detoxifying enzymes and exogenous 
free radical scavengers. The major enzymes that convert 
reactive oxygen species to less reactive molecules are 
superoxide dismutase, catalase, glutathione reductase and 
glutathione peroxidase.[9] The extent of  oxidative stress in 
a cell is determined by the amounts of  superoxide, H2O2, 
and hydroxyl radicals. Therefore, the balance of  SOD, 
APX, and CAT activities will be crucial for suppressing 
toxic ROS levels in a cell. Changing the balance of  scav-
enging enzymes will induce compensatory mechanisms. 
For example, when CAT activity was reduced in plants, 
scavenging enzymes such as APX and GPX were upregu-
lated. Unexpected effects can also occur. When compared 
to plants with suppressed CAT, plants lacking both APX 
and CAT were less sensitive to oxidative stress.[10] Cassia 
fistula Linn. (Family-Leguminosae) is of  great therapeu-
tic value in treating diseases such as liver disorder, gout, 
dysentery, leprosy and diabetes. It also helps in shrinking 
engorged veins and has a powerful antioxidant and anti- 
inflammatory effect.[11] Acacia catechu is highly effective 
in a wide spectrum of  diseases and reported to posses 
antibacterial, antifungal, anti-inflammatory and antioxi-
dant properties.[12] Cinnamomum cassia (Family-Lauraceae) 
bark is attributed with numerous medicinal uses such 
as diaphoretic, antipyretic and analgesic. It is used as a 
carminative, cardiac stimulant, antioxidant, refrigerant 
and diuretic.[13] Citrus limon (Family-Rutaceae) its thera-
peutic effects have been attributed to its vitamin C rich 
fruit pulp. The seeds and bark are used in the treatment 
of  asthma, bronchitis, scurvy, rheumatism, dysentery 
and diarrhea, it also posses bactericidal and antioxidant  
properties.

MATERIAL AND METHODS

Plant material

The bark of  four medicinal plants namely Cassia fistula, 
Cinnamomum cassia, Acacia catechu and Citrus limon were col-
lected from Auraon Research Center, National Botanical 
Research Institute, Lucknow. The plant materials were 
cleaned and powdered.

Preparation of  extract

The plant materials were air-dried in shed at room tem-
perature (26°C) for 2 weeks, after which it was grinded 
to a uniform powder. Methanol extracts were prepared 
by soaking 100 g each of  the dry powdered plant materi-
als in 1 litre of  methanol at room temperature for 48 h. 
The extracts were filtered first through a Whatmann filter 
paper No. 42 (125 mm) and then through cotton wool. 
The extracts were concentrated using a rotary evaporator 
with the hot water bath set at 40°C. The percentage yield 
of  extracts ranged from 5–20% (w/w).

Preliminary phytochemical screening

The preliminary phytochemical screening was carried out 
on the methanolic extract of  bark of  studied plants for 
qualitative identification. The tests for common phyto-
chemicals were carried out by standard methods described 
in practical pharmacognosy by Khandelwal.[14]

Free radical scavenging activity

The free radical scavenging activity by different plant 
extracts was done according to the method reported by 
Gyamfi et al.[15] 50 μl of  the plant extract in methanol, yield-
ing 100 μg/ml respectively in each reaction was mixed with 
1 ml of  0.1 mM DPPH in methanol solution and 450 μl 
of  50 mM Tris-HCl buffer (pH 7.4). Methanol (50 μl) only 
was used as control of  experiment. After 30 min of  incuba-
tion at room temperature the reduction of  the DPPH free 
radical was measured reading the absorbance at 517 nm. 
L-Ascorbic acid and BHT used as controls.

The percent inhibition was calculated from the following 
equation: 

% Inhibition = [Absorbance of  control – Absorbance  
of  test sample/Absorbance of  control] × 100

Enzymatic antioxidants

The enzymatic antioxidants assayed were superoxide 
dismutase, catalase, ascorbate peroxidase, glutathione 
reductase and polyphenol oxidase.

Superoxide dismutase

Assay of  Superoxide dismutase was carried according to 
the method of  Beauchamp and Fedovich.[16] To 0.5 ml 
of  plant extract, 1 ml of  125 mM sodium carbonate,  
0.4 ml of  25 μM NBT and 0.2 ml of  0.1 mM EDTA were 
added. The reaction was initiated by adding 0.4 ml of  1 
mM Hydroxylamine hydrochloride and the absorbance 
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was read at 560 nm using spectrophotometer at  
1 min intervals. Units of  SOD were expressed as amount 
of  enzyme required for inhibiting the reduction of  NBT 
by 50%. The specific activity was expressed in terms of  
units per mg of  protein.

Catalase

Catalase activity was determined by the titrimetric 
method described by Chance and Maehly.[17] To 1 ml 
plant extract, 5 ml of  300 μM phosphate buffer (pH 6.8) 
containing 100 μM hydrogen peroxide (H2O2) was added 
and left at 25°C for 1 min. The reaction was arrested 
by adding 10 ml of  2% H2SO4, and residual H2O2 was 
titrated with potassium permanganate (0.01 N) till pink 
colour was obtained. Enzyme activity was estimated by 
calculating the decomposition of  μM H2O2 per min per 
mg protein.

Ascorbate peroxidase

Ascorbate oxidase activity was measured according to 
Diallinas et al.[18] In 1.0 ml of  reaction mixture con-
tained 20 mM potassium phosphate buffer (pH 7.0) 
and 2.5 mM ascorbic acid. The reaction was initiated 
with the addition of  10 μl plant extract. The decreased 
in absorbance was observed for 3 min at 265 nm due 
to ascorbate oxidation and calculated using extinction 
coefficient, 14 mM–1cm–1.

Glutathione reductase

The activity of  glutathione reductase (GR) was assayed 
using the method that was described by Carlberg and 
Mannervik.[19] The GR assay was performed in a cuvette 
that contained 1M Tris-HCl buffer + 5mM EDTA (pH 
8.0), 0.033 M GSSG, 2 mM NADPH, and a 20 μl plant 
extract in a final volume of  1.0 mL. The decrease in 
absorbance, which reflects the oxidation of  NADPH 
during reduction of  GSSG by GR present in the sam-
ple, was monitored spectrophotometrically at 340 nm. 
Results were expressed as units of  GR activity/mg cell 
protein.

Polyphenol oxidase

The polyphenol oxidase activity was measured by the 
method of  Mahadevan and Sridhar[20] using catechol as 
a substrate. The reaction mixture contained 3.0 ml of  
phosphate buffer, 1.0 ml of  0.01 M catechol in phos-
phate buffer and 2.0 ml of  the plant extract. Changes in 
absorbance were recorded in a UV Vis spectrophotom-
eter at 495 nm for 3 min at an interval of  1 min. The 
enzyme activity was expressed as changes in absorbance 
in min/g dry tissue.

RESULTS

Multifarious antioxidant systems are very important for 
protecting cellular membranes and organelles from the 
damaging effects of  active oxygen species. These include 
antioxidant enzymes, non enzymatic antioxidants and sec-
ondary metabolites.

Preliminary phytochemical screening of  the studied 
plants (Cassia fistula, Cinnamomum cassia, Acacia catechu, 
and Citrus limon) revealed the presence of  phytochemi-
cals: alkaloids, saponins, flavonoids, tannins, steroids, 
terpenoids and terpenoids (Table 1). Cassia fistula 
and Cinnamomum cassia showed comparatively higher 
concentration of  Alkaloids and Flavanoids than the 
Acacia catechu and Citrus limon plants. Saponins, Tan-
nins and Terpenoids were seen in almost same con-
centration in all tested plants. Steroid was found to 
be absent in Cinnamomum cassia and Acacia catechu and 
Glycosides in Acacia catechu and Citrus limon. Among 
all four medicinal plants used in the study, the maxi-
mum free radical scavenging activity 91.66 ± 4.33%  
(DPPH percentage inhibition) was observed in Cassia fis-
tula followed by cinnamomum cassia (86.6 ± 4.33% DW), 
Acacia catechu (76 ± 1.66% DW) and the least activity 
was noted in Citrus limon with the activity 67.33 ± 3.33% 
DW (Table 2). The enzymatic antioxidants evaluated in 
the plants are represented in Table 3. Superoxide dis-
mutase (SOD) activity was found to be significantly 
higher (P < 0.05) in Cassia fistula (2.29 ± 0.325 units/g 

Table 1  Phytochemical screening of Indian medicinal plants
Plants name Phytochemical 
constituents

Cassia fistula Cinnamomum cassia Acacia catechu Citrus limon

Alkaloids +++ +++ ++ +
Flavanoids ++++ +++ + ++
Saponins ++ ++ + +
Tannins + + + +
Terpenoids + + + +
Steroid + - - +
Glycosides + + - -
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dry tissues) as compared to other studied plants 
whereas least SOD activity was assessed in Citrus limon  
(1.24 ± 0.070 units/g dry tissue). However, Cinnamomum 
cassia had possessed significantly higher SOD activity  
(1.72 ± 0.211 units/g dry tissue) than the Acacia catechu 
(1.34 ± 0.094 units/g dry tissue). Catalase activity was 
also observed to be significantly higher (P < 0.05) in 
Cassia fistula (1.196 ± 0.065 units/g dry tissue) followed 
by Cinnamomum cassia (0.872 ± 0.013 units/g dry tissue), 
Acacia catechu (0.545 ± 0.029 units/g dry tissue) and Citrus 
limon (0.348 ± 0.025 units/g dry tissue). The variable 
activity of  Glutathione reductase (GR) was observed 
in the bark of  studied plants. The Cassia fistula showed 
highest activity (0.951 ± 0.047 units/g dry tissues) as 
compared to other three medicinal plants and lowest 
activity was examined to be 0.445 ± 0.031 units/g dry 
tissue in Acacia catechu. Cinnamomum cassia displayed a bit 
higher GR activity (0.774 ± 0.030 units/g dry tissue) than 
Citrus limon (0.610 ± 0.009 units/g dry tissue). Ascor-
bate peroxidase (APX) activity, on the other hand, was 
recorded to be significantly higher (P < 0.05) in Cassia 
fistula (0.746 ± 0.009 units/g dry tissue) followed by Citrus 
limon (0.661 ± 0.045 units/g dry tissue), Cinnamomum 
cassia (0.545 ± 0.033 units/g dry tissue) and Acacia catechu  
(0.349 ± 0.024 units/g dry tissue). Polyphenol oxi-
dase (PPO) was also found to significantly higher  
(P < 0.05) in Cassia fistula (15.15±1.64 min/g dry tissue) 
and lowest activity was observed to be in Citrus limon  
(4.17 ± 0.241 min/g dry tissue). Cinnamomum cassia 
(10.42 ± 0.905 min/g dry tissue) had approxi-
mately two fold PPO activities than Acacia catechu  
(6.77 ± 0.644 min/g dry tissue).

DISCUSSION

In the present study, four traditionally used medicinal 
plants, Cassia fistula, Cinnamomum cassia, Acacia catechu and 
Citrus limon, were evaluated for their antioxidant potential 
to support the traditional claims of  their medicinal uses. 
The plants were tested for preliminary phytochemical 
screening, free radical scavenging activity and antioxidant 
enzymatic potentials.

Free radicals, oxidative stress and damage are impli-
cated in many diseases such as ageing, stroke, asthma, 
cancer, atherosclerosis, diabetes and arthritis. Antioxi-
dants can be given as food supplements to regulate such 
conditions.[21–22] Due to adverse effects associated with 
synthetic antioxidants, there is a quest for the search of  a 
potent natural antioxidant.[23] Natural antioxidants can be 
classified as primary (chain-breaking) antioxidants, which 
can react directly with lipid radicals and convert them 
into stable products, or as secondary (preventive) antioxi-
dants, which can lower the rate of  oxidation by different 
mechanisms.[24]

The present study shows that alkaloids saponins, flavo-
noids, tannins, terpenoids glycosides and steroids were 
observed in the bark extract of  the medicinal plants. 
These phytochemicals exhibit various pharmacologi-
cal and biochemical actions when ingested by animals. 
Alkaloids are beneficial chemicals to plants. They affect 
glucagon, thyroid stimulating hormone and inhibit certain 
mammalian enzymatic activities.[25] Steroidal saponins and 
alkaloids such as ergot alkaloids have been reported to 
elicit uterine muscle activity.[26] Saponin is a known anti-
nutritional factor that can reduce the uptake of  certain 
nutrients including cholesterol and glucose at the gut 
through intra luminal physicochemical interaction or 
other yet unidentified activity.[27] The plants bark extract 
also contain flavonoids, which are phenolic compounds 
that serve as flavouring ingredients of  spices and veg-
etables.[28] Flavonoids and other phenolic derivatives 
have been identified in S. mombin leaves with anti-herpes, 
antioxidant and anti-aging properties.[29] Furthermore, 
flavonoids, alkaloids and tannins, terpenoids, glycosides 

Table 2  Free radical scavenging activity in the bark  
of Indian medicinal plants

Plant names Antioxidant activity (% DW)
Casia fistula 91.66 ± 4.33
Acacia catechu 76 ± 1.66
Cinnamomum casia 86.66 ± 4.33
Citrus limon 67.33 ± 3.33
BHT 78.30 ± 1.422
Ascorbic acid 76.71 ± 1.830
All values are mean ± standard deviation (n = 3). Means with different letters 
within a column are significantly different (P < 0.05).

Table 3  Specific activity of antioxidant enzymes in dry bark extract of Indian medicinal plants
Plants name Superoxide 

dismutase (SOD) 
(units/g dry tissues)

Catalase (CAT) 
(units/g dry 

tissues)

Glutathione 
reductase (GR) 

(units/g dry tissues)

Ascorbate 
peroxidase (APX) 

(units/g dry tissues)

Polyphenol (oxidase 
(min/g dry tissue)

Casia Fistula 2.29 ± 0.325 1.196 ± 0.065 0.951 ± 0.047 0.746 ± 0.014 15.15 ± 1.64
Acacia catechu 1.34 ± 0.094 0.545 ± 0.029 0.445 ± 0.031 0.349 ± 0.024 6.77 ± 0.644
Cinammomum cassia 1.72 ± 0.211 0.872 ± 0.013 0.774 ± 0.030 0.545 ± 0.033 10.42 ± 0.905
Citrus limon 1.24 ± 0.070 0.348 ± 0.025 0.610 ± 0.009 0.661 ± 0.045 4.17 ± 0.241
All values are mean ± standard deviation (n = 3). Means with different letters within a column are significantly different (P < 0.05).
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and steroids observed in the plant had lower concentra-
tions and have been associated with the observed anti-
oxidant effects and antimicrobial effects in various studies 
involving plant extracts.[30]

The DPPH radical has been used widely to test the 
potential of  the compounds as free radical scavengers 
of  hydrogen donors and to investigate the antioxidant 
activity of  plant extracts. The DPPH free radical scav-
enging activity is due to the neutralization of  DPPH 
free radical by extract either by transfer of  hydrogen or 
of  an electron.[31] Free radical-scavenging is one of  the 
known mechanisms by which antioxidants inhibit the 
lipid oxidation.[32] Cassia fistula (91.66 ± 4.33%) showed 
high DPPH radical scavenging activity than other stud-
ied medicinal plants and standard antioxidants, BHT and 
ascorbic acid showed 78.30±1.422% and 76.71±1.830% 
of  inhibition respectively (Figure 1).

Reactive oxygen species (ROS) generates due to many 
factors such as drought, cold, heat, herbicides and heavy 
metals, all of  these factors lead to increasing number and 
accumulation of  ROS in plant cells.[33] Scientific research 
shows that ROS are harmful to the cell because they can 
raise the oxidative level through loss of  cellular structure 
and function.[34] ROS detoxification agents in cells include 
antioxidative enzymes such as superoxide dismutase, 
catalase, ascorbate peroxidase, glutathione reductase 
and polyphenol oxidase. Enzymatic antioxidants serve 
as an intrinsic defense tool to resist oxidative damage in 
plants.[35] One of  the mechanisms in vivo is improving the 
endogenous cellular antioxidants mechanisms, such as 
up-regulation of  the activity of  superoxide dismutase.[36]

SOD is the most indispensable enzyme for protecting the 
cells from the toxicity of  the reactive oxygen species that 
are generated during aerobic respiration for energy pro-
duction; it converts more toxic superoxide anion radicals 
to less toxic hydrogen peroxide.[37]

Catalase is a tetrahedrical protein, constituted by four 
heme groups which catalyze the dismutation of  hydro-
gen peroxide in water and oxygen.[38] In the studied 
medicinal plants Cassia fistula showed higher catalase 
activity to other plants, it protects plant from biotic and 
abiotic stress. Ascorbate peroxidase functions as hydro-
gen peroxide detoxification and gluthathione regen-
eration via ascorbate-gluthathione pathway. Ascorbate 
peroxidase is able to scavenge hydrogen peroxide pro-
duced by superoxide dismutase using ascorbate as an 
electron donor.[33] Glutathione reductase and glutathi-
one (GSH, γ-Glu-Cys-Gly) are important components 
of  the cell’s scavenging system for reactive oxygen com-
pounds in plants. GSH is a major reservoir of  non pro-
tein reduced sulfur. In addition, GSH plays a crucial role 
in cellular defense, where it gets oxidized to glutathione 
disulfide (GSSG). GR mediates the reduction of  GSSG 
to GSH by using NADPH as an electron donor, and 
thus a highly reduced state of  GSH/GSSG and ASA/
DHA ratios is maintained at the intracellular level by this 
reaction during oxidative stress.[39]

CONCLUSION

The present study demonstrate that bark extracts of  
Cassia fistula, Cinnamomum cassia, Acacia catechu and Citrus 
limon have promising antioxidants and free radical scav-
enging activities and the difference in their antioxidant 
activities can be attributed to their difference in phenolic 
content. From the observations it can be concluded that 
the bark of  C. fistula, C. cassia, A. catechu and C. limon are 
the good sources of  natural antioxidants and might be 
useful in treating the diseases associated with oxidative 
stress.

REFERENCES

1.	 Akinmoladun AC, Ibubun EO, Afor E, Obuetor EM, Farombi EO. 
Phytochemical constituent and antioxidant activity of extract from the 
leaves of Ocimum gratissimum. Sci Res Essay. 2007; 2:163–6.

2.	 Shinde V, Dhalwal K, Paradkar AR, Mahadik KR, Kadam SS. Evaluation 
of in vitro antioxidant activity of human placental extract, Pharmacol Onlin. 
2006; 3:172–9.

3.	 Halliwell B, Gutteridge JMC. Free Radicals in Biology and Medicine. 2nd ed, 
Clarendon Press, Oxford, 1999.

4.	 Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants in disease 
and health. Int J Biomed Sci. 2008; 4:89–96.

5.	 Bahorun T, Soobrattee MA, Luximon-Ramma V, Aruoma OI. Free radicals 
and antioxidants in cardiovascular health and disease. Int J Med Upd. 
2006; 1:1–17.

6.	 Valko M, Rhodes CJ, Moncola J, Izakovic M, Mazur M. Free radicals, 
metals and antioxidants in oxidative stress-induced cancer, Chem Biol 
Inter. 2006; 160:1–40.

7.	 Gueteens G, De Boeck G, Highley M, Oasterom AT, De Bruijin EA. 
Oxidative DNA damage: Biological significance and methods of analysis. 
Crit Rev Clin Lab Sci. 2002; 39:331–57.Figure 1.  DPPH % inhibition of  medicinal plant extracts.



Free Radicals and Antioxidants Vol.2 / Issue 3 / Jul–Sep, 2012� 63

Umesh Kumar, et al.: Evaluation of antioxidant activity and enzymatic antioxidant systems in selected medicinal plants

8.	 Galli F, Piroddi M, Annetti C, Aisa C, Floridi E, Floridi A. oxidative stress 
and reactive oxygen species. Contrib Nephrol. 2005; 149:240–60.

9.	 Zhu H, Zhang L, Amin AR, Li Y. Coordinated upregulation of series of 
endogenous antioxidants and phase 2 enzymes as a novel strategy for 
protecting renal tubular cells from oxidative and electrophilic stress.  
Exp Biol Med. 2008; 233:753–65.

10.	 Rizhsky L, Hallak-Herr E, Van Breusegem F, Rachmilevitch S, Barr JE, 
et al. Double antisense plants lacking ascorbate peroxidase and catalase 
are less sensitive to oxidative stress than single antisense plants lacking 
ascorbate peroxidase or catalase. Plant J. 2002; 32:329–42.

11.	 Ilavarasan R, Mallika M, Venkataraman S. Anti-inflammatory and 
antioxidant activities of Casia fistula Linn. bark extracts. Afr J Tred CAM. 
2005; 2(1):70–85.

12.	 Burnett BP, Jia Q, Zhao Y, Levy RM. A medicinal extract of Scuetellaria 
baicalensis and Acacia catechu acts as a dual inhibitor of cyclooxygenase 
and 5-lipoxygenase to reduce inflammation. J Med Food. 2007; 
10(3):442–51.

13.	 Masood N, Chaudhry A, Tariq P. Antimicrobial activity of Cinnamomum 
cassia against diverse microbial flora with its nutritional and medicinal 
impacts. Pak J Bot. 2006; 38(1):169–74.

14.	 Khandelwal KR. Practical Pharmacognosy. 11th ed. Pune: Nirali Prakashan 
2004; p. 149.

15.	 Gyamfi MA, Yonamine M, Aniya Y. Free radical scavenging action of 
medicinal herbs from Ghana Thonningia sanguine on experimentally 
induced liver injuries. Gen Pharmacol. 2002; 32:661–7.

16.	 Beauchamp, Fedovich BC. Superoxide dismutase assay and an assay 
applicable to acrylamide gel. Anal Biochem. 1976; 10:276–87.

17.	 Chance CM. Assay of Catalase and Peroxidase. Meth enzymol. 1995;  
11:764–75.

18.	 Diallinas G, Pateraki I, Sanmartin M, Scossa A, Stilianou E, Panopoulos NJ,  
et al. Melon ascorbate oxidase: cloning of a multigene family, induction 
during fruit development and repression by wounding. Plant Mol Biol. 1997; 
34:759–70.

19.	 Carlberg I, Mannervik B. Glutathione reductase. Met Enzymol. 1985;  
113:484–90.

20.	 Mahadevan A, Sridhar R. Methods in Physiological Plant Pathology. 2nd ed. 
Sivakami Publications, Madras, India, 1982; p. 316.

21.	 Halliwell B. Effect of diet on cancer development: is oxidative DNA damage 
a biomarker? Free Radic Biol Med. 2002; 32:968–74.

22.	 Gutteridge JM, Halliwell B. Free radicals and antioxidants in the year 2000: 
A historical look to the future. Ann N Y Acad Sci. 2000; 899:136–47.

23.	 Gulcin I, Berashvili D, Gepdiremen A. Antiradical and antioxidant activity 
of total anthocyanins from Perilla pankinensis decne. J Ethnopharmacol. 
2005; 101:287–93.

24.	 Decker EA, Warner K, Richards MP, Shahidi F. Measuring antioxidant 
effectiveness in food. J Agric Food Chem. 2005; 53:4303–10.

25.	 Okaka JC, Enoch NJ, Okaka NC. Human nutrition: An integrated approach. 
ESUT Publications, Enugu, 1992; pp. 57–8.

26.	 Gwotmut M, Nwafor A. Agents of contraction or relaxation of the uterus 
and alcohol extraction of Xylopia aethiopica. J Crude Drug Res. 2001;  
30:62–70.

27.	 Igwe CU, Ojiako AO, Nwaogu LA, Onyeze GOC. Lipid lowering effect of 
aqueous leaf extract of Spondias mombin Linn. The Internet J Pharmacol. 
2008; 6(1):1–9.

28.	 Enwere NJ, Foods of Plant Origin. Afroorbis Publications, Nsukka, 1998;  
pp. 153–68.

29.	 Corthout J, Pieters LA, Claeys M. Vanden-Berghe DA, Viletinck AJ, 
Antibacterial and molluscicidal phenolic acid from Spondias mombin. 
Planta Medica. 1994; 60: 460–3.

30.	 Nwaogu LA, Alisi CS, Ibegbulem CO, Igwe CU. Phytochemical and 
antimicrobial activity of ethanolic extract of Landolphia owariensis leaf.  
Afri J Biotech. 2007; 6(7): 890–3.

31.	 Shimada K, Fujikawa K, Yahara K, Nakamura T. Antioxidative properties of 
xanthan on the autoxidation of soybean oil in cyclodextrin emulsion. J Agric 
Food Chem. 1992; 40:945–8.

32.	 Amarowicz R, Pegg RB, Rahimi-Moghaddam P, Barl B, Weil JA. Free-
radical scavenging capacity and antioxidant activity of selected plant 
species from the Canadian prairies. Food Chem. 2004; 84:551–62.

33.	 Noctor G, Foyer CH. Ascorbate and glutathione: keeping active oxygen 
under control. Annu Rev Plant Physiol Plant Mol Biol. 1998; 49:249–79.

34.	 Lee SH, Ahsan N, Lee KW, Kim DH, Lee DG, Kwak SS. Simultaneous 
overexpression of both CuZn superoxide dismutase and ascorbate 
peroxidase in transgenic tall fescue plants confers increased tolerance to a 
wide range of abiotic stresses. J Plant Physiol. 2007; 164:1626–38.

35.	 Verma S, Dubey RS. Lead toxicity induces lipid peroxidation and alters 
the activity of antioxidant enzymes in growing rice plants. Plant Sci. 2003;  
164:645–55.

36.	 Halliwell B. Are polyphenols antioxidants or pro-oxidants? What do we 
learn from cell culture and in vivo studies? Arch Biochem Biophys. 2008; 
476: 107–12.

37.	 Vangronsveld J, Clijsters H. Toxic effects of metals. In: Farago ME ed. 
Plants and the Chemical Elements-Biochemistry, Uptake, Tolerance and 
Toxicity. VCH, Weinheim, 1994; pp. 149–77.

38.	 Scandalios JG. The antioxidant enzyme genes CAT and SOD of maize: 
regulation, functional significance and molecular biology. Isozymes Curr 
Top Biol Med Res. 1987; 14:19–44.

39.	 Di Baccio D, Kopriva S, Sebastiani L, Rennenberg H. Does glutathione 
metabolism have a role in the defense of poplar against zinc stress? New 
Phytol. 2005; 167:73.


