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Abstract  

BACKGROUND: Napoleona vogelii is used in traditional medicine for cancer management. 

AIM: The study was conducted to evaluate the antigenotoxic and antioxidant activities of methanol stem bark 
extract of N. vogelii in male Sprague Dawley rats. 

MATERIALS AND METHOD: Thirty male Sprague Dawley rats were randomly divided into group 1 (control) 
administered 10 mL/kg distilled water, groups 2 and 3 were co-administered 100 mg/kg, 200 mg/kg of N. vogelli 
and 5 mg/kg cyclophosphamide (CPA) respectively for 7 days p.o. Groups 4 and 5 were administered only 5 
mg/kg CPA and 200 mg/kg NV respectively. 

RESULTS: The LD50 oral was greater than 4 g/kg. There were significant (p < 0.0001) increases in plasma 
enzymatic and non-enzymatic antioxidant enzymes and significant (p < 0.0001) decrease in percentage 
micronuclei in bone marrow of extract treated rats compared to rats administered 5 mg/kg CPA alone. There was 
steatosis pointing to cytotoxic injury in the liver of rats co-administered 200 mg/kg NV and 5 mg/kg CPA. Gas 
chromatography-mass spectrometry analysis of the extract showed the presence of phytol and unsaturated fatty 
acids. 

CONCLUSION: N. vogelii possesses antigenotoxic and antioxidant activities associated with the presence of 
phytochemicals, phytol and unsaturated fatty acids. 

 

 

Introduction 

 

Oxidative stress occurs when the generation 
of free radicals and reactive intermediates in a system 
exceeds the system’s ability to neutralise and 
eliminate them [1]. It reflects an imbalance between 
the systemic manifestation of reactive oxygen species 
and a biological system’s ability to readily detoxify the 
reactive intermediates or to repair the resulting 
damage [2]. Disturbances in the normal redox state of 
cells can cause toxic effects through the production of 
peroxides and free radicals that damage all 
components of the cell, including proteins, lipids and 
DNA [2].  Oxidative stress is thought to be involved in 
the development of some disease conditions such as 
cancer [3], Alzheimer’s disease [4], heart failure [5], 
myocardial infarction [6], fragile X syndrome [7], and 

sickle cell disease [8] among others. 

Cyclophosphamide (CPA) is used for several 
types of cancers including leukaemia, breast and 
ovarian cancers. It is cytotoxic with a low margin of 
safety, and it’s a cell cycle non-specific drug which 
acts on both resting as well as dividing cells. The use 
of CPA may result in cardiac dysfunction, pulmonary 
toxicity and incidence of its genotoxicity have been 
reported [9]. The cellular mechanism of CPA toxicity is 
mediated by an increase in free radicals through the 
generation of intracellular phosphoramide mustard 
and acrolein, the principal alkylating metabolite of 
CPA [10]. Acrolein interferes with the tissue 
antioxidant defence system producing highly reactive 
oxygen free radicals and is mutagenic to mammalian 
cells [10], and an increase in free-radical production 
mediated by CPA metabolites stimulates lipid 
peroxidation leading to an increase in 
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malondialdehyde production [11].  Genotoxins include 
both radiation and chemical genotoxins, and there are 
three primary effects that genotoxins can have on 
organisms by affecting their genetic information [12]. 
Genotoxins can be carcinogens (cancer-causing 
agents), mutagens, or mutation-causing agents, or 
teratogens, birth defect-causing agents. In most 
cases, genotoxicity leads to mutations in various cells 
and other bodily systems and can result in a host of 
other pathologies, from cancer to a wide variety of 
different diseases [12]. 

The mammalian in vivo micronucleus assay is 
recommended by the International Conference on 
Harmonization (ICH) guidelines as part of the 
genotoxicity testing battery required during the 
development of new drugs [13]. Mechanistic studies 
[14] have shown that micronucleus formation may be 
due to free radical generation from an agent leading to 
lipid peroxidation of membranes causing the 
breakages of the deoxyribonucleic acid (DNA) and 
covalent binding between the products of lipid 
peroxidation and DNA. The World Health Organization 
estimates that up to 80% of the African population 
relies on the traditional medicinal system for some 
aspects of their primary health care [15]. Plants play a 
significant role in maintaining human health and 
improving the quality of human life serving as valuable 
components of food, as well as in cosmetics, dyes, 
and medicines [16]. 

Napoleona vogelii is found mostly in rain 
forests and along sea shores extending from Sierra 
Leone to Nigeria [17]. About 20 genera and 450 
species have been identified in the tropical regions of 
Africa, Asia, Australia and it’s distributed mostly in 
African countries of Nigeria, Ghana, Guinea, Togo 
and Benin [18]. The methanolic leaf extract of N. 
vogelii is used in the treatment of peptic ulcer disease 
[19]; furthermore, the leaves are also used in the 
treatment of a cough, asthma and hypoglycaemia 
[20]. The stem bark decoction is used topically against 
dermatosis and drunk to treat sexual asthenia [21] 
and its used in traditional medicine used in the 
treatment of cough, asthma, inflammatory conditions 
[22, 23] and cancer [24]; thus, this study was 
designed to investigate the antigenotoxic and 
antioxidant activity of the methanol stem bark extract 
of  N. vogelii in cyclophosphamide-treated rats and 
identifying the constituent bioactive principles by Gas 
chromatography-mass spectrometry (GCMS) 
analysis. 

 

 

Materials and Methods 

 

Drugs and chemicals 

Cyclophosphamide (Kwality Pharmaceuticals 

Pvt. Ltd. Amritsar – India), phosphate buffered saline 
(PBS), Methanol (Sigma-Aldrich Chemie GmbH, 
Germany), Normal saline (Unique pharmaceuticals 
Ltd, Ogun State, Nigeria), Giemsa stain (Sigma- 
Aldrich Chemie GmbH, Germany).  

 

Plant extraction 

The stem bark of N. vogelii was collected from 
a secondary forest in Abatadu village, Ikire township 
of Osun state in the South Western part of Nigeria and 
duly authenticated by Mr. O. Oyebanji and Professor 
J. D. Olowokudejo at the herbarium of the Department 
of Botany and Microbiology, University of Lagos, 
Nigeria where a voucher specimen (LUH 6524) was 
deposited. It was washed, chopped into small pieces 
and air-dried to a constant weight. The dried stem 
bark was then pulverised into a fine powder using a 
grinding mill, and 500 g of the powder was macerated 
in 2.5 L of methanol. The mixture was stirred and left 
to stand for seven days at room temperature. It was 
then filtered using a muslin cloth and a 125 mm 
Whatman filter paper (GE Healthcare UK Limited, 
United Kingdom). The filtrate was concentrated using 
a rotary evaporator (Buchi R – 215 Rotavapor (pump-) 
V – 700 Switzerland) at 45°C, to yield a solid brown 
extract. The yield of the extract derived using the 
formula: weight of extract/weight of starting plant 
material ×100 was 2.22%. The extract was stored in 
an air-tight container until required.  

 

Phytochemical screening 

The qualitative phytochemical screening was 
done according to the methods of Trease and Evans 
[25]. 

 

Determination of total flavonoids 

Total soluble flavonoid of the extract was 
determined with aluminium chloride using quercetin as 
standard [26]. A 1 ml of sample solution (100 μg/ ml) 
was mixed with 3 ml of methanol, 0.2 ml of 10% 
Aluminum chloride, 0.2 ml of 1 M potassium acetate 
and 5.6 ml of distilled water. The resulting mixture was 
incubated at room temperature for 30 minutes, and 
the absorbance of the reaction mixture was measured 
at 415 nm. The calibration curve was prepared by 
preparing quercetin solutions at various 
concentrations in methanol. 

 

Determination of total phenolic content 

Total phenolic content in the extract was 
estimated using the modified Folin-Ciocalteu method 
of Wolfe et al., [27]. An aliquot of the extract was 
mixed with 2.5 ml of Folin-Ciocalteu reagent 
(previously diluted with water 1:10 v/v) and 2 ml of 75 
g/l of sodium carbonate. The tubes were vigorously 
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shaken for 15 s and allowed to stand for 30 min at 
40˚C for colour development. Absorbance was 
measured at 765 nm using T80 UV/VIS 
spectrophotometer. The total phenolic content in mg/ 
100 g was calculated as gallic acid equivalent from 
the calibration curve. 

 

Determination of total tannin content 

Total tannin content was estimated by 
adopting the procedure of Sun et al. [28]. To 1 ml of 
the extract solution, 3 ml of 4 % vanillin-methanol 
solution and 1.5 ml hydrochloric acid was added. The 
mixture was allowed to stand for 15 min. The 
absorbance was then measured at 500 nm using T80 
UV/VIS spectrophotometer, and the result expressed 
as catechin equivalent in mg/100 g. 

 

Determination of total saponin content 

The method used was that of Obadoni and 
Ochuko [29]. The sample was ground, and 0.02 mg 
was put in a conical flask, and 100 cm3 of 20 % 
aqueous ethanol was added. The sample \was heated 
over a hot water bath for four h with continuous 
stirring at about 55˚C. The mixture was filtered and 
the residue re-extracted with another 200 ml or 20 % 
ethanol. The extract was reduced to 40 ml over a 
water bath at about 90˚C. The concentrate was 
transferred to a 250 ml separating funnel, and 20 ml of 
diethyl ether was added and shaken vigorously. The 
aqueous layer was recovered, while the ether layer 
was discarded. The purification process was 
repeated. 60 ml of n-butanol was added. The n-
butanol extract was washed twice with 10 ml of 5 % 
aqueous sodium chloride. The remaining solution was 
heated in a water bath. After evaporation the sample 
was dried in the oven to a constant weight; the 
saponin content was calculated as a percentage. 

 

Experimental animals 

Male rats of 4 months old weighing between 
100 – 150 g and mice of about 3.5 – 4 months 
weighing between 20 – 30 g used were obtained from 
the Laboratory Animal Centre of the College of 
Medicine of the University of Lagos, Lagos, Nigeria, 
where they were also kept. The animals were 
maintained under standard environmental conditions 
(23-25˚C, 12h/12h light/dark cycle) and they were 
sustained on standard rodent feed (Livestock Feed 
Plc, Lagos, Nigeria) and clean drinking water. The 
animals were acclimatised for seven days before 
commencement of the experiment and the procedures 
were in conformity with The Guide for the Care and 
Use of Laboratory Animals published by the U.S. 
National Institutes of Health [30] for studies involving 
experimental animals [30]. 

 

Acute toxicity 

Five (5) groups of 5 mice each were fasted for 
12 h and were then treated with 100 mg/ml of the 
extract at doses of 0.5 g/kg, 1 g/kg, 2 g/kg, 3 g/kg and 
4 g/kg which ranges between 0.1 ml to 1 ml in divided 
doses p.o. Animals were observed for two h after 
extract administration for behavioural symptoms of 
toxicity and mortality and then after 24 h for mortality. 
They were further observed for 14 days for signs of 
delayed toxicity. 

 

Collection of samples for micronucleus 
and antioxidant enzymes assay 

The micronucleus assay was carried out by a 
modification of the method of Heddle and Salamone, 
[31]; Timwell and Ashley, [32] and blood levels of 
antioxidant enzymes; catalase (CAT), superoxide 
dismutase (SOD), reduced glutathione (GSH) and 
MDA was done according to the protocol of Sun and 
Zigma [33].  

Male rats were divided into 5 groups (n = 6); 
control rats treated with 10 mL/kg distilled water, while 
the remaining four groups received 5 mg/kg CPA, 100 
mg/kg  N. vogelii and 5 mg/kg CPA, 200 mg/kg  N. 
vogelii and 5 mg/kg CPA and 200 mg/kg  N. vogelii 
respectively for 7 days. The dosing schedule of 
cyclophosphamide was chosen according to a 
modification of the method of Doherty et al. [34] and 
the extract was administered 30 mins post 
cyclophosphamide administration. 

 On the day after termination of administration, 
normal and treated animals were sacrificed by cervical 
dislocation and blood samples collected through the 
retro-orbital plexus vein of the eye for antioxidant 
enzymes assay. For the micronucleus test, the femur 
of the animals was harvested and washed in 
phosphate buffered saline (PBS), and the two edges 
were cut off. A 2 ml syringe containing PBS was used 
to wash out the bone marrow on a slide and then 
smeared and left to dry. The slides were then fixed in 
absolute methanol and then stained for 15 min using 
10 % Giemsa and at least 2000 cells per rat were 
scored at × 100 for MN in polychromatic erythrocytes 
(MNPCE). 

 

Determination of Superoxide dismutase 
activity 

Superoxide Dismutase activity was 
determined by its ability to inhibit the auto-oxidation of 
epinephrine determined by the increase in 
absorbance at 480nm as described by Sun and Zigma 
[33]. The reaction mixture (3 ml) contained 2.95 ml 
0.05 M sodium carbonate buffer pH 10.2, 0.02 ml of 
the blood sample and 0.03 ml of epinephrine in 0.005 
N HCl was used to initiate the reaction. The reference 
cuvette contained 2.95 ml buffer, 0.03 ml of substrate 
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(epinephrine) and 0.02 ml of water. Enzyme activity 
was calculated by measuring the change in 
absorbance at 480 nm for 5 min.  

 

Determination of Catalase activity 

Serum catalase activity was determined 
according to the method of Beers and Sizer as 
described by Usoh et al. [35] by measuring the 
decrease in absorbance at 240 nm due to the 
decomposition of H2O2 in a UV recording 
spectrophotometer. The reaction mixture (3 ml) 
contained 0.1 ml of serum in phosphate buffer (50 
mM, pH 7.0) and 2.9 ml of 30 mM H2O2 in phosphate 
buffer of pH 7.0. The specific activity of catalase was 
expressed as moles of H2O2 reduced per minute per 
mg protein. 

 

Determination of Reduced glutathione  

The reduced glutathione (GSH) content was 
estimated according to the method described by 
Sedlak and Lindsay [36]. To the homogenate 10% 
TCA was added and centrifuged. 1.0 ml of the 
supernatant was treated with 0.5ml of Ellman's 
reagent (19.8mg of 5,5-dithiobisnitro benzoic acid 
(DTNB) in 100ml of 0.1% sodium nitrate) and 3.0 ml of 
phosphate buffer (0.2M, pH 8.0). The absorbance was 
read at 412 nm. 

 

Determination of Malondialdehyde activity 

Malondialdehyde (MDA), an index of lipid 
peroxidation was determined using the method of 
Buege and Aust [37]. 1.0 ml of the supernatant was 
added to 2 ml of (1:1:1 ratio) TCA-TBA-HCl reagent 
(thiobarbituric acid 0.37%, 0.24N HCl and 15% TCA) 
tricarboxylic acid- thiobarbituric acid-hydrochloric acid 
reagent boiled at 100

o
C for 15 min and allowed to 

cool. Flocculent materials were removed by 
centrifuging at 3000 rpm for 10 min. The supernatant 
was removed, and the absorbance read at 532 nm 
against a blank. MDA was calculated using the molar 
extinction coefficient for MDATBA- a complex of 1.56 
× 105 M-1CM-1. 

 

Determination of Glutathione-S-
transferase activity 

Glutathione –S- transferase activity was 
determined according to Habig et al. [38]. This is 
based on the fact that all known glutathione –S- 
transferase demonstrate a relatively high activity with 
1-Chloro-2, 4-dinitrobenzene (CDNB) as the second 
substrate. Consequently, the conventional assay for 
glutathione –S- transferase activity utilises 1-Chloro-2, 
4-dinitrobenzene as substrate. When this substrate is 
conjugated with reduced glutathione (GSH) its 
maximum absorption shifts to a longer wavelength. 

The absorption increases at the new wavelength of 
340 nm which provides a direct measurement of the 
enzymatic reaction. 

 

Gas chromatography-mass spectrometry 

GC-MS analysis of the methanol extract of  N. 
vogelii was performed using a Shimadzu GP-2010 
gas chromatograph equipped with Rtx-5MS (30m X 
0.25mm, 0.25μm) column. Helium was used as the 
carrier gas at a flow rate of 1ml/min. Using an injection 
volume of 1.0 μL. The sample was injected in a split 
mode of 10:1. Mass spectral scan range was set at 35 
- 550 (m/z). The injector temperature was kept at 
250

o
C, and ion source temperature was 200

o
C. The 

oven temperature was maintained at 40 oC, and the 
interface temperature was at 250°C. Relative quantity 
of the chemical compounds present in the extract was 
expressed as a percentage based on peak area 
produced in the chromatogram. 

 

Histopathological assessment 

Tissues fixed in 10% formol-saline were 
dehydrated in graded alcohol, embedded in paraffin, 
and cut into 4- to 5- μm-thick sections. The sections 
were stained with hematoxylin-eosin for 
photomicroscopic assessment using a Model N-
400ME photomicroscope (CEL-TECH Diagnostics, 
Hamburg, Germany). 

 

Statistical analysis 

Statistical analysis was done using One-way 
Analysis of Variance (ANOVA) followed by Tukey’s 
post-hoc multiple comparison tests using GraphPad 
Prism 6.0 (GraphPad Software, CA, USA). Results 
were considered significant at p < 0.05. 

 

 

Results 

 

Acute toxicity 

There was no mortality recorded on the 
administration of methanol stem bark extract of  N. 
vogelii up to 4000 mg/kg p.o. The LD50 is greater 
than 4 g/kg. 

 

Qualitative phytochemical analysis 

The methanol stem bark extract of  N. vogelii 
was found to contain flavonoids, phenols, saponins, 
tannins, phlorotannin and cardiac glycoside. 

Quantitative phytochemical screening of 
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methanol stem bark extract of N. vogelii. The Table 
below shows the phytochemical constituents of  N. 
vogelii quantitatively in mg/100 g (Table 1). 

Table 1: Quantitative phytochemical screening of methanol 
stem bark extract of  N. vogelii 

Constituents Quantity mg/100g 

Flavonoid 87.88 ± 0.32 
Phenol 24.88 ± 0.47 

Saponin 35.55 ± 0.19 
Tannin 13.01 ± 0.84 

 

 

Effect of N. vogelii on mean percentage 
micronuclei (%MNPCE) and polychromatic 
erythrocytes (%PCE) in cyclophospha-
mide-treated rats 

There was a significant (p < 0.0001) increase 
in percentage micronuclei at 5 mg/kg CPA alone (4.90 
± 0.11) compared to control (0.12 ± 0.04). Co-
administration of 200 mg/kg NV and 5 mg/kg CPA 
resulted in a significant (p < 0.0001) decrease (2.40 ± 
0.05) in percentage micronuclei compared to 5 mg/kg 
CPA alone (4.90 ± 0.11). 

There was also a significant (p < 0.0001) 
decrease in percentage micronuclei on co-treatment 
with 100 mg/kg NV and 5 mg/kg CPA (3.20 ± 0.02) 
compared to 5 mg/kg CPA alone (4.90 ± 0.11). 

A significant (p < 0.0001) decrease in 
percentage micronuclei at 200 mg/kg NV alone (0.66 
± 0.02) compared to 5 mg/kg CPA alone (4.90 ± 0.11) 
was also observed (Table 2). 

Table 2: Effect of  N. vogelii on mean percentage micronuclei 
and polychromatic erythrocytes in cyclophosphamide-treated 
rats 

 % MNPCE       Mean MNPCE % PCE 
CONTROL 0.12 ± 0.04 1.20 ± 0.37 100.00 ± 0.04 
5 mg/kg CPA 4.90 ± 0.11a 49.00 ± 1.10 95.00 ± 0.11a 
100 mg/kg NV + 5 

mg/kg CPA 
 

3.20 ± 0.02a, b 
 

32.00 ± 0.24 
 

97.00 ± 0.03a, b 
200 mg/kg NV + 5 

mg/kg CPA 
 

2.40 ± 0.05a, b 
 

24.00 ± 0.51 
 

98.00 ± 0.05a, b 
200 mg/kg NV 0.66 ± 0.02a, b 6.60 ± 0.24 99.00 ± 0.02a, b 
MNPCE; micronucleated polychromatic erythrocytes, PCE; polychromatic erythrocytes. 
Results are mean ± SEM. a p < 0.0001 vs control, b p < 0.0001 vs CPA. One Way ANOVA 
followed by Tukey’s post hoc multiple comparison tests. 

 

 

Effect of methanol stem bark extract of on  
N. vogelii on antioxidant parameters in 
cyclophosphamide-treated rats 

Treatment with 5 mg/kg CPA resulted in a 
significant reduction in GSH, SOD, CAT and GST with 
corresponding significant increases in MDA compared 
to control.  

Treatment with  N. vogelii at all doses resulted 
in significant increases in these antioxidant enzymes 
compared to 5 mg/kg CPA alone. There was 
significant reduction in MDA levels at 200 mg/kg NV 
alone compared with rats co-administered 100 mg/kg 
+ 5 mg/kg CPA and 200 mg/kg NV + 5 mg/kg CPA. 

(Fig. 1A-E). 

 

Figure 1: A) Effect of N. vogelii on plasma GSH level in 
cyclophosphamide-treated rats; B) Effect of N. vogelii on SOD level 
in cyclophosphamide-treated rats;C) Effect of N. vogelii on CAT 
level in cyclophosphamide-treated rats; D) Effect of N. vogelii on 
GST level in cyclophosphamide-treated rats; E: Effect of N. vogelii 
on MDA level in cyclophosphamide-treated rats. Results are mean 
± SEM. a p < 0.05, b p < 0.01 vs 200 mg/kg NV. One Way ANOVA 
followed by Tukey’s post hoc multiple comparison tests 

 

Histology 

Histological photomicrographs showed that 
the liver presented with steatosis around the portal 
tracts pointing to cytotoxic injury on co-administration 
of 200 mg/kg  N. vogelii and 5 mg/kg CPA with mild 
portal tract inflammation at 200 mg/kg NV alone. <Fig. 
2A-D>  

 

Figure 2: Photomicrographs of the liver extract and CPA treated 
rats.A – CONTROL: Normal appearing hepatocytes are radiating 
from the central veins (CV) to the portal tracts (PT). No 
abnormalities were seen; B - 100 mg/kg NV + 5 mg/kg CPA: Normal 
appearing hepatocytes radiating from the central veins (CV) to the 
portal tracts. No abnormalities were seen; C - 200 mg/kg NV + 5 
mg/kg CPA: Abnormal appearing fat containing hepatocytes (F: 
fatty change, steatosis) disposed around the portal tracts pointing to 
cytotoxic injury. D - 200 mg/kg NV: Normal appearing hepatocytes 
radiating from the central veins (CV) to the portal tracts with mild 
portal tract (PT) inflammation 
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The kidney and heart showed no 
abnormalities (Fig not shown). 

 

Compounds identified in stem bark extract 
of N. vogelii by GC-MS 

GC-MS chromatogram of methanol stem bark 
extract of  N. vogelii along with their retention time 
(RT) and peak area is shown in (Fig. 3 and Table 3). 

Table 3: Compounds identified in stem bark extract of  N. 
vogelii by GC-MS 

No Retention time Name of compound Peak area % 

1 26.37 Tridecanoic acid 0.38 
2 28.98 Pentadecanoic acid 0.97 
3 30.00 n-Hexadecanoic acid 29.81 
4 31.66 9,12-Octadecadienoic acid 0.23 
5 31.75 9-Octadecenoic acid 2.64 
6 31.85 7-Hexadecenoic acid 0.41 
7 31.97 Phytol 0.34 
8 32.14 Methyl stearate 0.67 
9 32.85 Oleic acid 48.57 

10 33.06 Octadecanoic acid 14.66 
11 34.38 Cis-10-Nonadecenoic acid 1.33 

 

Eleven compounds were identified and are as 
follows; the diterpene alcohol; phytol (0.34%) and 
unsaturated fatty acids; 9 – Octadecenoic (2.64%), 9, 
12 – Octadecadienoic (0.23%), Tridecanoic (0.38%), 
Pentadecanoic (0.97%), n- Hexadecanoic (29.81%), 
7- Hexadecenoic (0.41%), Oleic (48.57%), 
Octadecanoic (14.66%) and cis–10–Nonadecenoic 
acids (1.33%) including methyl stearate (0.67%). 

 

Figure 3: GC-MS chromatogram of the methanol stem bark extract 
of N. vogelii 

 

 

Discussion 

 

Chemoprotective agents in everyday life have 
been documented as effective in preventing the 
increase of cancer frequency in human populations 

[39]. Experimental evidence suggests that free 
radicals and reactive oxygen species can be involved 
in a high number of diseases, including diabetes, 
hypertension, cancers, stroke [40], and many dietary 
antioxidants have been shown to be potentially 
beneficial agents by reducing oxidative stress involved 
in the development of different chronic diseases, 
including cancer [41]. 

The present study was conducted to evaluate 
the in-vivo antioxidant activity of methanol stem bark 
extract of N. vogelii in cyclophosphamide (CPA) 
induced genotoxicity in rats. There was no mortality 
recorded on oral administration of N. vogelii up to 4 
g/kg in mice. This showed that the oral LD50 is 
greater than 4 g /kg and the extract is safe on acute 
exposure.  

For the antioxidant enzymes assay, 
administration of the extract to CPA-treated rats 
significantly altered the level of blood antioxidant 
enzymes. Treatment with 5 mg/kg CPA significantly 
decreased the levels of reduced glutathione, catalase, 
and superoxide dismutase with a corresponding 
increase in the level of malondialdehyde compared to 
the control. Several studies indicate that CPA has a 
pro-oxidant character and generation of oxidative 
stress after administration leads to decrease in the 
activities of antioxidant enzymes and increase in lipid 
peroxidation in liver, lungs and serum of treated 
animals [42-44]. Treatment with the methanol stem 
bark extract of N. vogelii at different doses 
significantly increased the levels of these antioxidant 
enzymes and correspondingly decreased the level of 
MDA compared to animals treated 5 mg/kg CPA only. 
The antioxidant activities of putative antioxidants have 
been attributed to various mechanisms, such as the 
prevention of chain initiation, transition metal ion 
catalyst binding, peroxides decomposition, prevention 
of continued proton abstraction, and radical 
scavenging [45].  

The increased level of these antioxidant 
enzymes demonstrates the free radical scavenging 
activity of the extract and thus could be beneficial in 
conditions requiring CPA therapy [46]. Phytochemical 
screening showed that the extract contains some 
pharmacologically active substances such as 
flavonoids, tannins, saponins, phenolic compounds, 
phlorotannin and cardiac glycoside. Phenolic acids 
and flavonoids have been the object of a great 
number of studies for their anti-oxidative activity which 
is mainly because of their capacity to act as free 
radical scavengers and/or metal chelators [47, 48]. 
Both compounds have attracted considerable interest 
in the past few years due to their many potential 
health benefits. As polyphenols, phenolic acids and 
flavonoids are powerful antioxidants and have been 
reported to demonstrate antibacterial, antiviral, 
anticarcinogenic, anti-inflammatory and vasodilatory 
actions [49, 50]. Saponin also decreases blood lipids, 
lower cancer risks as well as possess antioxidant 
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activity [51].  

A positive result from the in vitro micronucleus 
test indicates that the test substance induces 
chromosome damage or damage to the cell division 
apparatus [52, 53]. In this study, cyclophosphamide 
resulted in significant increase in micronucleated 
polychromatic erythrocytes. Curtis et al. [14] have 
shown that micronucleus formation may be due to free 
radical generation from an agent leading to lipid 
peroxidation of membrane causing the breakages of 
the deoxyribonucleic acid (DNA) and covalent binding 
between the product of lipid peroxidation and DNA.  
Treatment with the extract significantly reduced the 
percentage of micronucleated polychromatic 
erythrocytes which can be correlated with the 
significantly increased level of GSH, CAT and SOD in 
CPA-treated rats with the highest antioxidant and 
hence anti-genotoxic effect observed in animals co-
administered 200 mg/kg of the extract and 5 mg/kg 
CPA. This suggests that the extract can combat the 
genotoxic effect of CPA by enhancing the antioxidant 
system. The presence of phytoconstituents like 
flavonoids, tannins and saponins in the extract may be 
responsible for the significant antioxidant effects 
which may be the mechanism of antigenotoxicity 
elicited by the extract. Anti-genotoxic activity may be 
ascribed to flavonoids [54] and tannins [55, 56].  

GCMS analysis of the extract showed the 
presence of the diterpene alcohol; phytol and 
unsaturated fatty acids such as; 9 – Octadecenoic, 9, 
12 – Octadecadienoic, Tridecanoic, Pentadecanoic, n- 
Hexadecanoic, 7- Hexadecenoic, Oleic, Octadecanoic 
and cis – 10 – Nonadecenoic acids including methyl 
stearate. Presence of these metabolites in the extract 
may contribute to its antigenotoxic activity due to the 
cytotoxic nature of phytol and the fatty acids present. 
Lee et al. [57] had reported the antigenotoxic and 
anticancer activities of phytol. 9, 12-octadecadienoic 
acid has been documented to possess cancer 
preventive effects [58] possibly via an antigenotoxic 
mechanism as depicted by this study. n-
Hexadecanoic acid has antioxidant [59, 60] and anti-
tumour activity against human leukemic cells and 
murine cells [61, 62] and octadecanoic acid had been 
documented to possess significant cytotoxicity [63]. 
Parthipan et al. [64] have described the antitumor 
effects of oleic acid also possibly mediated via an 
antigenotoxic mechanism according to our study. 

Histological presentation of the kidney, liver 
and heart tissues showed normal architecture in 
control and treated rats. There was fatty infiltration of 
hepatocytes; fats being disposed around the portal 
tracts which portend cytotoxic injury in animals co-
administered 200 mg/kg  N. vogelii and 5 mg/kg CPA. 
This may be as a result of the toxic effect of CPA as 
certain drugs and toxins commonly show forms of 
steatosis [65]. 

 In conclusion, the methanol stem bark extract 
of N. vogelii possesses antigenotoxic and antioxidant 

activity which may be associated with the presence of 
flavonoids, phytol, oleic acid and other unsaturated 
fatty acids.  
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