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Oxidative stress and impaired antioxidant system have been implicated in the pathophysiology of
diverse disease states. This research was done to investigate comparatively the possible enzymatic
and non-enzymatic antioxidant properties of ethanol extracts of Cola nitida and Garcinia kola in H2O2challenged rats. Thirty (30) Wistar albino rats were used for this study and were divided into 6 groups of
5 rats per group. Group 1 rats were normal control; group 2 rats were induced with H2O2 only (positive
control). Group 3 and 4 were challenged with H2O2 and treated with 100 and 200 mg/kg b.w of ethanol
extract of C. nitida, respectively. In the same vein, groups 5 and 6 rats represented H2O2-induced rats
treated with 100 and 200 mg/kg b.w of ethanol extract of G. kola seed respectively. Group 2 (positive
control group) rats showed a significant increase (p<0.05) in malondialdehyde (MDA) concentration
compared to rats in group 1 and the treatment groups. Conversely there was a significant decrease
(p<0.05) in glutathione concentration of the group when compared to rats in group 2. Group 2 showed a
significant decrease (p<0.05) in vitamin C concentration compared to rats in group 1 and the treatment
groups. The effects of extracts were accompanied by a significant increase (p<0.05) in the activity of
endogenous antioxidant enzymes such as superoxide dismutase (SOD) when compared to the group 2
(positive control group). The two extracts exhibited a significant ferric reducing antioxidant properties
(FRAP) in a concentration-dependent manner. This finding indicated that the extracts could contain
antioxidant and thus have potential for scavenging free radicals, hence arresting oxidative stress. This
may justify their local use in management of some hepatic dysfunction and stress related conditions.
However, extracts of G. kola was seen to be more potent than that of C. nitida.
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INTRODUCTION
Plants are important in our everyday existence. They
provide our foods, produce the oxygen we breathe, and

serve as raw materials for many industrial products such
as biofuels, dyes, perfumes, pesticides and drugs,
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clothes, foot wears, etc. The use of plants in traditional
medicinal practice has a long drawn history, and remains
the mainstay of primary health care in most of the third
world countries especially those living in the rural areas.
Historically, plants have provided a source of inspiration
for novel drug compounds, as plant-derived medicines
have made large contributions to human health and wellbeing. Traditional medicines are used by about 60% of
the world population; in both developing and developed
countries where modern medicines are predominantly
used (Ogbonnia et al., 2011). Some of the plants include
garlic, ginger, pepper, egg plants, C. nitida, G. kola and
many others of which have been investigated. C. nitida is
known as “kola nut” while G. kola is commonly called
"bitter kola" in Nigeria. However quite a number of these
plant materials mentioned above have antimicrobial and
antioxidant properties with tremendous therapeutic
potentials (Moon et al., 2010).
G. kola has been found to contain Garcinia biflavonones
(GB -1, GB-2), kolaflavonone, benzophenone
and
xanthones and studies have also shown the ability of
these compound in protecting against hepatotoxicity
induced by phalloidin, amanita, 2-acetylaminofluorene,
carbon tetrachloirde, paracetamol, aflatoxin, dimethyl
nitrosamine in rodents (Sanchez et al., 2009). G. kola
also possesses other pharmacological properties like:
Hepatoprotective effects (Wegwu and Didia, 2007),
hypoglycemic and antioxidant properties (Omage et al.,
2011), antimicrobial effects (Antwi-Boasiako and
Abubakari, 2011), antitrichomonal activity (Ibikunle and
Ogbadoyi, 2011), and antioxidative and chemopreventive
properties (Farombi and Owoeye, 2011).
C. nitida are effective for refreshing the mouth due to
their unique bitter taste, and the twigs are used as a
source of alkaloids in pharmaceutical preparations
(Oyedade, 1973). Traditionally, the leaves, flowers, twigs,
fruit follicles, and bark of C. nitida are used to prepare a
tonic as remedy for dysentery, coughs, diarrhea, vomiting
and chest complaints (Atawodi et al., 2007). Extracts of
C. nitida nuts has been tested on various pathogenic
bacteria including Staphylococcus aureus, Klebsilla
pneumonia, Psuedomonas aeruginosa, Escherichia coli
(Ebana et al., 1991). All extracts showed inhibitory
activity against these organisms. Ayebe et al. (2012)
reports that C. nitida extract inhibited the release of
leutinizing hormones (LH) from pituitary cells and may
therefore regulate gonadotropin release. This has
potential
to
be
used
as
fertility
regulator.
Some of the potential medicinal properties of cola nitida
includes; anticarcinogenic, antimicrobial and antidiabetic
activities (Endrini et al., 2011).
Oxidative stress reflects an imbalance between the
production of free radicals and the ability of the body to

counteract or detoxify their harmful effect through
neutralization by antioxidants. Free radicals are
generated in our body during the normal metabolic
processes and during exposure to adverse pathophysiological conditions. They are unstable species that
are able to induce cellular damage in several ways. Free
radicals can adversely alter lipids, proteins and DNA and
have been implicated in aging and a number of human
diseases. However the most deleterious effect of free
radical is damage to DNA, which is associated with the
process of carcinogenesis. Antioxidants from plants
scavenge free radicals and prevent reactive oxygen
species from having damaging effects in common
ailments such as inflammation, atherosclerosis, and
Alzheimer’s disease (Bahorun et al., 2006). This study is
aimed at investigating comparatively the possible
enzymatic and non-enzymatic antioxidant properties of
ethanol extracts of C. nitida and G. kola in H2O2challenged rats.

MATERIALS AND METHODS
Plant materials
Fresh seed plant of C. nitida and G. kola were collected from the
University of Nigeria, Nsukka environ on the 7th day of May 2015
and were identified by Mr. Alfred Ozioko of the herbarium Botany
Dept., University of Nigeria, Nsukka. The seeds were air-dried
separately at room temperature and ground to powdery form using
electrical grinding machine.

Animals
Adult male Wistar albino rats of 10 to 16 weeks and average weight
of 160±15 g were obtained from the Animal House of the Faculty of
Biological Sciences, University of Nigeria, Nsukka. The animals
were acclimatised for duration of 7 days under standard
environmental conditions with a 12 hour light/dark cycle maintained
on a regular feed (vital feed) and water ad libitum.

Extraction of the seeds C. nitida and G. kola
Large quantities of the seeds of C. nitida and G. kola were collected
from the University of Nigeria, Nsukka environ and were identified
by Mr. Ozioko of the herbarium Botany Department, University of
Nigeria, Nsukka. The seeds of C. nitida and G. kola were air-dried
separately at room temperature, then into powdery form using
electrical grinding machine. The ground samples extracted with
95% ethanol solution, using cold maceration techniques. The
samples were filtered using Whatman filter paper. The filtrates
concentrated to solid matter using rotary evaporators, which then
become the stock sample of the ethanol seed extracts which were
used for the analysis. These extracts were stored in the refrigerator
compartment.
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Preparation of proxidant (Hydrogen peroxide)

Statistical analysis

Stock concentration (0.2%) of analytical grade of hydrogen
peroxidant (H2O2) was prepared by obtaining 0.2% of H2O2 from the
analytical concentration. A dose of 0.5 ml/kg of 0.2% of H 2O2 was
used.

The results were expressed as mean ± SEM and test of statistical
significance was carried out using one-way analysis of various
(ANOVA). The means were separated using Duncan multiple test.
The statistical packaged used was the statistical package for social
sciences (SPSS), version 17.

Experimental design

RESULTS AND DISCUSSION
Thirty (30) male albino Wistar rats were acclimatized at the same
conditions of temperature and pressure, and the same animal feeds
were used for all the rats. The rats were divided evenly into 6
groups with 5 rats per group shown as:
Group 1: Normal/negative rats (Control).
Group 2: Positive control (H2O2-induced rats).
Group 3: H2O2-challenged rats + 100 mg/kg
extract of C. nitida.
Group 4: H2O2-Challenged rats + 200 mg/kg
extract of C. nitida.
Group 5: H2O2-Challenged rats + 100 mg/kg
extract of G. kola.
Group 6: H2O2-Challenged rats + 200 mg/kg
extract of G. kola.

b.w. of ethanol seed
b.w. of ethanol seed
b.w. of ethanol seed
b.w. of ethanol seed

Biochemical test
Rats were sacrificed after 7 days of the experiment and blood was
collected and used for biochemical test.

Determination of malondialdehyde concentration
Lipid peroxide assay was done by determining the concentration of
malondialdehyde (MDA) formed using the method of Varshney and
Kale (1990).

Assay of superoxide dismutase activity
Superoxide dismutase (SOD) activity was assayed using the
method as described by Fridorich (1989) as contained in Randox
commercial kit.

Assay of catalase activity
Catalase activity was assayed using the method of Aebi (1983).

Determination of glutathione concentration
The concentration of glutathione was determined according to the
method of Habig et al. (1974).

Determination of vitamin C
The concentration vitamin C (ascorbic acid) was determined
according to the method of Baker et al. (1971).

Ferric reducing antioxidant properties (FRAP) test
The method of Benzie and Strain (1999) was used for FRAP test.

Hydrogen peroxide is a chemical compound used as an
oxidizer, bleaching agent and disinfectant which acts
mostly by oxidation. However when used in vivo it is a
potent oxidant (ROS) which breaks down macro
molecules in the body via reduction- oxidation reactions
(Nadkarn, 2001). As such, it can initiate “free radical”
generation which could cause damage to cell and tissues
(Valko et al., 2007) giving rise to some serious side
effects which include stomach bleeding, ulcerative colitis
intestinal gangrene, gastrointestinal problems, stroke and
death.
As shown in Table 1 there was a significant increase
(p< 0.05) in MDA concentration after H2O2 was
administered to group 2 rats when compared to other
groups which suggests increase in lipid peroxidation. This
suggests oxidative deterioration of unsaturated fatty acids
of the cell membrane and other macro molecules of the
body by free radicals generated by H202. This would lead
to membrane fluidity and the death of cell. This is
consistent with Raghavendran et al. (2004) who reported
that free radical intoxication leads to membrane damage.
Thus treatment with both extracts caused a dose
dependent significant decrease in the MDA concentration
of the treatment groups (3, 4, 5, and 6) when compared
to the untreated group (2), thus this fit in with the finding
of Wegwu and Didia (2007) which suggest that these
plant materials may possess the normal antioxidants
necessary for protection against free radical damage
induced by H2O2 in rats bio-system.
Table 2 shows a significant decrease (p< 0.05) in the
vitamin C concentration on administration of H2O2 in
group 2 rats (untreated group). This trend depicts
increased serum level of reactive oxygen species. This
corroborates with Cacciatore et al. (2012), who reported
that increased level of free radicals leads to oxidative
stress and subsequent damages to vital organs like liver
and kidney. The treatment with extracts of both C. nitida
and G. kola shows remarkable increase in serum vitamin
C level suggests that extract may contain natural vitamins
C which are potent anti-oxidant enhancing metabolic
processes including cellular respiration and nutrient
metabolism (Rekha et al., 2012). Antioxidant effects of
vitamin C was also noticed to be more in G. kola than C.
nitida which may be attributed to the presence of
Biflavones in G. kola (Farombi and Owoeye, 2011).
Table 2 shows a significant decrease (p< 0.05) in the
Glutathione concentration of the group 2 untreated rats
after H2O2 administration when compared to the
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Table 1. Comparative effects of ethanol extract of Cola nitida and Garcinia kola seeds
on Malondialdehyde (MDA) concentration in hydrogen peroxide (H 2O2)-challenged rats.

Groups
GROUP 1- Normal/Negative rats (Control)
GROUP 2- Positive Control (H2O2 only)
GROUP 3- H2O2 + 100 mg/kg b.w. C. nitida
GROUP 4- H2O2 + 200 mg/kg b.w. C. nitida
GROUP 5- H2O2 + 100 mg/kg b.w. G. kola
GROUP 6- H2O2 + 200 mg/kg b.w. G. kola

MDA (mg/dl)
1.667 ± 0.333
7.100 ± 0.463
2.590 ± 0.629
1.267 ± 0.258
2.620 ± 0.450
1.917 ± 0.289

Values are Mean ± SEM; n = 3 animals in each group; P<0.05 is considered significant
when compared with positive control group using one-way analysis of variance.

Table 2. Comparative effects of ethanol extract of C. nitida and G. kola (G. kola) seeds on glutathione (GSH)
concentration and vitamin C concentration in hydrogen peroxide(H 202)-challenged rats.

Groups
Group 1- normal/negative rats (Control)
Group 2- positive control (H2O2 only)
Group 3- H2O2 + 100 mg/kg b.w. C. nitidai
Group 4- H2O2 + 200 mg/kg b.w. C. nitida
Group 5- H2O2 + 100 mg/kg b.w. G. kola
Group 6- H2O2 + 200 mg/kg b.w. G. kola

GSH (mg/dl)
6.00 ± 0.58
2.00 ± 0.35
4.00 ± 0.58
5.00 ± 0.68
4.67 ± 0.67
5.33 ± 0.33

Vitamin C (mg/dl)
7.81 ± 0.34
1.96 ± 0.43
6.33 ± 0.33
5.33 ± 0.33
6.67 ± 0.33
7.00 ± 0.33

Values are Mean ± SEM; n = 3 animals in each group; P<0.05 is considered significant when compared with
positive control group using one-way analysis of variance.

Table 3. Comparative effects of ethanol extract of C. nitida and G. kola seeds on catalase activity in hydrogen
peroxide (H2O2) challenged albino rats.

Groups
Group 1- Normal/Negative rats (Control)
Group 2- Positive Control (H2O2 only)
Group 3- H2O2 + 100 mg/kg b.w. C. nitida
Group 4- H2O2 + 200 mg/kg b.w. C. nitida
Group 5- H2O2 + 100 mg/kg b.w. G. kola.
Group 6- H2O2 + 200 mg/kg b.w. G. kola

SOD (IU/L)
18.75 ± 0.56
7.50 ± 0.92
14.31 ± 0.99
14.98 ± 0.78
14.89 ± 0.86
16.43 ± 0.79

Catalase (IU/L)
9.08 ± 1.32
3.00 ± 0.78
7.11 ± 0.56
7.92 ± 0.45
7.79 ± 0.60
8.89 ± 0.36

Values are Mean ± SEM; n = 3 animals in each group; P<0.05 is considered significant when compared with positive
control group using one-way analysis of variance.

treatment groups. This depicts damages in the liver
because glutathione is a potent antioxidant which is
capable of preventing damage to important cellular
components caused by free radicals generated after
H2O2 administration. This result is consistent with the
findings of Wegwu and Dibia (2007) who reported the
above as a result of liver damage. When glutathione
cannot reduce pro-oxidants thus cellular damage occurs.
But treatment with extract as depicted in groups 3, 4, 5
and 6 shows return to near normalcy suggesting the
antioxidant potential of the extracts. Thus the result of
this work is in tan den with the works of Ibiyinka et al.

(2014) where the antioxidant activity and total phenolic
content of some nuts commonly consumed in SouthWestern Nigeria was evaluated.
From Table 3 administration of hydrogen peroxide
alone to group 2 rats caused a significant (P<0.05)
decrease in catalase and SOD activity when compared
with the normal control. This result is consistent with
Jamaludin et al. (2012) who reported that administration
of hydrogen peroxide caused a significant decrease in
the catalase and SOD activity as a result of the actions of
free radicals and other reactive oxygen species. Thus
increase in production of free radicals and other reactive
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Figure 1. Ferric reducing antioxidant power of Garcinia kola and Cola nitida in varying concentrations.

oxygen species causes depletion in the enzymatic
antioxidants of the bio-system. However on administration
of different doses (100 and 200 mg/kg b. w.) of the two
extracts (C. nitida and G. kola) reduced the tissue
damage induced by H2O2 in a dose-dependent manner
and hence, significantly (p < 0.05) increased the activities
of CAT and SOD. Hence, suggesting that the extract may
contain antioxidants which are proved by the works of
Ganiyu et al. (2014) and Ogunmoyole et al. (2012). The
results of this project work is consistent with the findings
of Blades (2000) who stated that C. nitida showed a
powerful scavenging activity of hydroxyl radicals and
acted as a chelator of iron, showed a significant inhibitory
effect on the peroxidation of rat brain and prevented DNA
damage. It also coincides with the findings of Cowan
(2010) who showed that Garcinia kola is a stimulant and
herbal remedy for some disease conditions. G. kola can
influence indices such as cholesterol, total protein and
some vital organs of the body (heart, liver, brains, etc).
The FRAP assay is done to evaluate the antioxidant
potential of compounds. From Figure 1 it shows the
results of the ferric reducing antioxidant power (FRAP) of
G. kola and C. nitida. The results shows that both
extracts have the antioxidant ability to donate an electron
to ferric (Fe3+) to convert it to ferrous (Fe2+) however the
trend in FRAP assay results also favors G. kola over C.
nitida. This agrees with research outcome of Ayebe et al.
(2012) who asserts that C. nitida shows delayed
expression of antioxidant manifestation compared to
other cola types and Ibiyinka et al. (2014) where the
antioxidant activity and total phenolic content of some
nuts commonly consumed in South-Western Nigeria were
assessed.

Conclusion
From these research work, reduction in elevated MDA
level gives inference in the improvement of GSH level,
SOD activity, catalase activity and increase in vitamin C
level; hence, suggesting that both C. nitida and G. kola
poses possible non enzymatic anti-oxidant properties,
however that of G. kola seems to be more efficient in
reducing oxidative stress.
CONFLICT OF INTERESTS
The authors have not declared any conflict of interests.
REFERENCES
Aebi HE (1983). Catalase. In Methods of Enzymatic Analysis, 3rd ed;
Bergmeyer H, Verlag C, Weinheim A (Eds;). Verlag Chemie:
Weinheim, Germany. pp. 273-285.
Antwi-Boasiako C, Abubakari A (2011). Antimicrobial and
phytochemical properties of crude extracts of Garcinia kola heckels
stems used for oral health. Res. J. Pharmacol. 5(5):68-76.
Atawodi SE, Pfundstein B, Haubner R, Spiegelhalder B (2007).
Contents of polyphenolic compounds in Nigerian stimulants; Cola
nitida alba, Cola nitida rubra and Csola accuminata and their
antioxidant capacity. J. Agric. Food Chem. 55(24):9824-9828.
Ayebe EK, Yapi HF, Edjeme AA, Meite S, M’boh MG, Yapo AF, Monnet
D, Djaman A, Nguessan JD (2012). In vivo, in vitro antioxidant activity
assessment & acute toxicity of aqueous extract of Cola nitida
(Sterculiaceae). Asian J. Biochem. Pharm. Res. 2(4):144-155.
Bahorun T, Soobrattee MA, Luximon-Ramma V, Aruoma OI (2006).
Free radicals and antioxidants in cardiovascular health and disease.
Int. J. Med. Upd. 1(2):25-41.
Baker EM, Hodges RE, Hood J (1971). Metabolism 14C and 3H-labelled
L-ascorbic acid in human scurvy. Am. J. Clin. Nutr. 24:444.
Benzie FF, Strain JJ (1999). Ferric reducing/antioxidant power assay:

372

J. Med. Plants Res.

Direct measure of total antioxidant activity of biological fluids and
modified version for simultaneous measurement of total antioxidant
power and ascorbic acid concentration. Met. Enzymol. 299:15-23.
Blades M (2000). Functional foods or neutraceutical. J. Nutr. Food Sci.
30(2):73-75.
Cacciatore I, Baldassarre L, Fornasari L, Mollica A, Pinnen F (2012).
Recent Advances in the Treatment of Neurodegenerative Diseases
Based on GSH Delivery Systems. Oxid. Med. Cell. Long. 10:240-252.
Cowan MM (2010). Plant products as antimicrobial agents. Clin. Microb.
Rev. 12:564-582.
Ebana RUB, Madunagu BE, Ekpe ED, Otung IN (1991). Microbiological
exploitation of cardiac glycosides and alkaloids from Garcinia kola,
Borreriaocymoides, cola nitida and citrus aurantifolia. J. Appl.
Bacteriol. 71:398-401.
Endrini S, Jaksa S, Marsiati H, Othman F, Rahmat A (2011). Effects of
cola nut (cola nitida) on the apoptotic cells of human breast
carcinoma cell lines. J. Med. Plants Res. 5(11):2393-2397.
Farombi EO, Owoeye O (2011). Antioxidative and chemopreventive
properties of Vernonia amygdalina and Garcinia biflavonoid. Int. J.
Environ. Res. Public Health 8(6):2533-2555.
Fridorich I (1989). Superoxide dismutases: An adaptation to a
paramagnetic gas. J. Biol. Chem. 264:7761-7764.
Ganiyu O, Kate E, Nwokocha AJ, Akinyemi A, Ademiluyi O (2014).
Inhibitory effect of polyphenolic-rich extract from Cola nitida (Kolanut)
seed on key enzyme linked to type 2 diabetes and Fe2+ induced lipid
peroxidation in rat pancreas in vitro. Asian Pac. J. Trop. Biomed
4:405-412.
Habig WH, Pabst MJ, Jakoby WB (1974). Glutathione s-transferases:
The first enzymatic step in mercapturic acid formation. J. Biol. Chem.
249:7130-7139.
Ibikunle GF, Ogbadoyi EO (2011). Pharmacological evaluation of
Garcinia kola nuts for antitrichomonal activity. Int. J. Pharmacol. Bio.
Sci. 2(2):264-269.
Ibiyinka O, Ifeoluwa A, Awosanmi O, Osukoya A (2014). Antioxidant
activity and total phenolic content of some nuts commonly consumed
in South-Western Nigeria. J. Phytopharmacol. 3(4):248-253.
Jamaludin M, Anizah MN, Siti BB (2012). Effect of Aqueous Extract of
Roselle Calyx (Hibiscus sabdariffa Linn) on Hidrogen Peroxide
Induced Oxidative Stress of Rat Red Blood Cell Membranes. Int. J.
Collab. Res. Int. Med. Public Health 4(12):2111-2127.
Moon JY, Kim H, Lee D, Cho M, Choi H (2010). Antioxidant and antiproliferative activities of kola species. J. Food Chem. 121(2):429-436.
Nadkarn KM (2001). Indian plants with their medicinal properties and
uses. Ind. J. Chem. 48(2):282-293.

Ogbonnia SO, Mbaka GO, Anyika EN, Emordi EJ, Nwakakwa N (2011).
An evaluation of acute and subchronic toxicities of a Nigerian
polyherbal tea remedy. Pak. J. Nutr. 10(11):1022-1028.
Ogunmoyole T, Olalekan OO, Fatai O, Makun JO, Kade IJ (2012).
Antioxidant and phytochemical profile of aqueous and ethanolic
extract of Garcinia kola. J. Pharmacog. Phytother. 4(5):66-74.
Omage K, Erifeta OG, Esosa US, Sunday JJ, Ajeigbe OK (2011).
Evaluation of hypoglycemic and antioxidative properties of aqueous
extract of Garcinia kola seeds in Wistar Rats. Curr. Res. J. Bio. Sci.
3(4):326-329.
Oyedade T (1973). Some aspects of developmental physiology of
Nigerian kola (cola nitida) fruits. Econ. Bot. 27:417-422.
Sanchez RM, Rojas-Graü MA, Odriozola-Serrano I, González-Aguilar
GA, Martín-Belloso O (2009). Effect of minimal processing on
bioactive compounds and antioxidant activity of fresh Cola nitida
plant. Postharv. J. Biol. Technol. 51(3):384-390.
Raghavendran HRB, Sathivel A, Devaki T (2004). Hepatoprotective
nature of seaweed alcoholic extract on acetaminophen induced
hepatic oxidative stress. J. Health Sci. 50:42-46.
Rekha C, Poornima G, Manasa M, Abhipsa M, Pavithra J, Vijay HT,
Prashith TR (2012). Ascorbic acid, total phenol content and
antioxidant activities of fresh juices of four ripe and unripe citrus
fruits. Chem. Sci. Transact. 1(2):303-310.
Valko M, Moncol TD, Telser J (2007). Free radicals and antioxidants in
normal physiological functions and human disease. Int. J. Biochem.
C. Biol. 39(1):44-84.
Varshney R, Kale RK (1990). Effects of calmodulin antagonists on
radiation induced lipid peroxidation in microsomes. Int. J. Rad. Biol.
58:733743.
Wegwu OM, Didia BC (2007). Hepatoprotective effects of Garcinia kola
seed against hepatotoxicity-induced by carbon tetrachloride in rats.
Biokemistri 19(1):17-21.

