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ABSTRACT 
 
The concentration of metals (Iron-Fe, Zinc-Zn, Copper-Cu, Aluminum-Al, 
Molybdenum-Mo, Vanadium-Va, and Lead-Pb) in the different regions of the 
brain of goats in a relatively unindustrialized area in Nigeria was investigated 
using the Atomic Absorption Spectrophotometer. The highest mean 
concentration of 98.66ppm was for Fe in the olfactory bulb while the least of 
0.07ppm was for Mo in the thalamus. The levels of Zn and Fe showed the 
highest significant differences across the different regions of the brain 
examined. All the metals analysed showed relatively high concentrations in 
the olfactory bulb suggesting ongoing environmental pollution. The findings 
suggest that this type of investigation in the brain of goats or other animals 
can assist in knowing the level of human exposure to environmental pollutants 
(especially metals) in non-industrialized areas. They can also be compared 
with similar data obtained from animals in known polluted environments in 
extrapolating the level of pollution in such areas. 
 
 (Afr. J. Biomed. Res. 11: 305 - 309) 
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INTRODUCTION 
 
 There has been a steady increase in the human 
population of most third world countries. The 
increase in these countries has been characterized 
by destructive human activities such as increased 
exploitation of minerals leading to pollution of the 
environment (Olopade et al, 2005a). 
 Air pollution resulting from the combustion of 
fossil fuels includes emissions from motor vehicle 
engines, power plants, fire-places and barbecues. 
Waste incinerators, smelters and other industrial 
activities may be responsible for emissions of a 
variety of acidic, organic and metallic compounds 
that may have significant health effects. Mixtures 
of these individual pollutants may also occur 
(Bascom, 1996).  
 Nigeria with a population of over 35 million 
goats has one of the largest caprine species in 
Africa (FAO, 1995). Due to the ubiquitous and 
hardy nature of this species (Gall, 1996), and their 
ability to go deeper into the ecosystem for their 
survival, it had been postulated that the species 
could be a better model to study the role of the 
environment in metal toxicity of the brain 
(Olopade et al, 2005b) since it has been 
established that the uptake of metals into the brain 
occur via olfactory pathways (Persson et al, 2003). 
A recent study using the dog in Mexico suggested 
a strong link between environmental pollution and 
incidence of neuropathologies of the brain 
(Calderon-Garciduenas et al, 2002). 
 The essence of this work is to assess the level 
of seven metals in five different brain regions of 
caprine species living Oranyan in the city of 
Ibadan, a relatively non-industrialized area of 
Nigeria. 
 

MATERIALS AND METHODS 
 
A total of 15 native West African Dwarf goats (8 
males, 7 females) of ages less than two years were 
obtained from Oranyan, a non-industrialized area 
of Ibadan, South-West, Nigeria. The heads of the 
goats were processed according to the method of 
Olopade et al., (2005a) to remove the brains. 
Tissue samples of brain were separately removed 
from five different regions namely the olfactory 
bulb, the frontal cortex, thalamus, hippocampus 
and cerebellum. The brain samples were put in 
petri-dishes and allowed to macerate in the oven at 
450C for 3 days. The samples were analyzed for 
the concentrations (ppm) of seven metals which 
were Zinc (Zn), Iron (Fe), Copper (Cu), 
Molybdenum (Mo), Vanadium (Va), Lead (Pb) 
and Aluminum (Al) using the Atomic Absorption 
Spectrophotometer (AAS) according to the 
method described by Benas, 1968. 
The data obtained were presented as mean + 
standard deviation (S.D) ppm and as bar charts 
and analyzed using SPSS10 package for analysis 
of variance  
 
RESULTS 
 
Most of the metals examined in this study were 
relatively concentrated in the olfactory bulb 
compared to other regions of the brain although 
the mean concentration (ppm) of the metals in the 
whole brain (all regions) was in the descending 
order of Fe (89.54)>Zn(66.41)>Cu (2.77)>Va 
(0.34)> Pb (0.21)>Al (0.09)>Mo (0.78). Analysis 
of variance showed a significant difference across 
most of the brain regions in the mean 
concentrations of Zn and Fe. 
 

Table 1: Concentrations (ppm) of some metals in different regions of the brain of WAD goat (male + female) in 
Nigeria (mean +standard deviation) 
Factor Va Pb Cu Fe Mo Zn Al 
A 0.39+0.07 0.22+0.06 2.89+0.73 98.66+23.02* 0.09+0.04 79.59+9.1* 0.10+0.04 
B 0.32+0.14 0.21+0.05 2.9+0.68 97.03+7.44* 0.08+0.03 41.6612.69 0.09+0.04 
C 0.35+0.11 0.19+0.06 2.8+0.65 84.19+22.15 0.07+0.05 60.27+15.88 0.08+0.02 
D 0.34+0.06 0.19+0.04 2.6+0.59 83.27+14.58 0.07+0.03 64.92+18.98 0.09+0.03 
E 0.29+0.08 0.223+0.052 2.7+0.65 84.56+18.23 0.08+0.05 85.59+13.10* 0.10+0.04 

Total 0.34+0.10 0.21+0.05 2.77+0.64 89.54+18.81 0.08+0.04 66.41+20.89 0.09+0.04 
*Significant difference; Keys: A = Olfactory bulb, B = Cerebral cortex. C = Thalamus, D = Hippocampus, E = Cerebellum. 
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Table 2:  
Concentrations (ppm) of some metals in different regions of the brain of male WAD goat in Nigeria (mean 
+standard deviation) 
Factor Va Pb Cu Fe Mo Zn Al 
A 0.37+0.08 0.21+0.06 2.95+0.60 99.51+26.20 0.08+0.3 78.74+11.74 0.09+0.03 
B 0.35+0.09 0.20+0.04 2.68+0.31 98.16+7.14 0.07+0.04 31.25+14.72 0.08+0.03 

C 0.36+0.16 0.18+0.06 2.77+0.74 88.14+22.24 0.09+0.06 54.17+18.07 0.09+0.02 

D 0.34+0.07 0.19+0.04 2.47+0.53 86.15+13.59 0.07+0.03 52.53+12.64 0.09+0.04 

E 0.28+0.09 0.24+0.06 2.58+0.46 83.71+12.13 0.08+0.03 76.88+28.25 0.09+0.04 

Total 0.34+0.10 0.20+0.05 2.69+0.54 91.13+17.98 0.08+0.04 58.71+24.72 0.09+0.03 
Keys: A = Olfactory bulb, B = Cerebral cortex. C = Thalamus, D = Hippocampus, E = Cerebellum. 
 
Table 3: Concentrations (ppm) of some metals in different regions of the brain of female WAD goat 
in Nigeria (mean +standard deviation) 
Factor Va Pb Cu Fe Mo Zn Al 
A 0.41+0.07 0.23+0.05 2.81+0.990 98.55+20.11 0.10+0.04 80.57+5.49 0.12+0.04 

B 0.29+0.18 0.23+0.07 2.99+0.91 95.75+8.13 0.08+0.02 49.65+11.45* 0.10+0.04 

C 0.330+.06 0.21+0.06 2.90+0.58 79.67+22.86 0.14+0.23 67.25+10.06 0.08+0.02 

D 0.34+0.05 0.19+0.04 2.74+0.53 79.98+16.03 0.08+0.03 79.08+14.69* 0.10+0.02 

E 0.29+0.06 0.21+0.05 2.83+0.85 85.53+24.52 0.08+0.06 82.67+16.61 0.12+0.04 

Total 0.33+0.10 0.21+0.05 2.85+0.73 87.90+19.77 0.09+0.11 71.85+17.01 0.10+0.04 
Keys: A = Olfactory bulb, B = Cerebral cortex. C = Thalamus, D = Hippocampus, E = Cerebellum. 
*Significantly higher in females than males 
 
Fe was the most abundant metal in all the brain 
regions (89.54 ppm) while Mo had the least values 
(Tables 1 and 2, Figures 1 and 3). A significant 
sex difference was observed in the levels of Zn in 
the cerebral cortex and the hippocampus between 
the females and males (see Tables 2 and 3).  
The mean concentration of Fe in the olfactory bulb 
was significantly different from that of the 
thalamus, hippocampus and the cerebellum, while 
that of the cerebral cortex was significantly 
different from the hippocampus. The mean 
concentration of Zn in the olfactory bulb was 
found to be significantly different for the cerebral 
cortex, thalamus, and the hippocampus: the 
concentration in the cerebral cortex was 
significantly different from the thalamus and 
hippocampus; the concentration in the cerebellum 

was also significantly different from those of the 
cerebral cortex, thalamus and hippocampus (Table 
1).  
 
DISCUSSION 
 
Iron metal can pose a significant risk to brain 
development through its role as a potent oxidant 
stressor (Greesens et al, 2002). Also, iron has been 
shown to be important in the brain as impaired 
acquisition leads to neurological problems 
(Connor et al, 2003). The brain normally contains 
a substantially greater concentration of iron than 
other metals (Yehuda and Youdim, 1988), usually 
in the form of ferritin not heamosiderin (Octave et 
al, 1983). In the study, the concentration of iron 
was highest in the olfactory bulb; this contrasts 
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with the finding of Riederer et al, 1989 who 
reported the highest iron concentration in the basal 
ganglia. Although, the highest concentration of 
Zinc was found in the cerebellum, it was also very 
high in the olfactory bulb, which correlates with 
the work of Persson (2003). The reason for the 
increased Zn level in the cerebral cortex and 
hippocampus of the female relative to the male can 
be further investigated.   
         The highest accumulation of copper was in 
the olfactory bulb. This is consistent with the 
findings of Ono and Cherian (1999) in rats. The 
mean concentration for the whole brain was 
slightly lower than the mean cortical dry weight 
concentration of 3.08 ppm reported by Olopade et 
al (2005b) in goats.         
 Aluminum is a potent neurotoxicant in 
humans and animals (Yokel, 2000). The metal is 
environmentally ubiquitous and the usual human 
exposure route is primarily dietary (Yokel, 2000). 
Experimental evidence had supported the 
hypothesis that chronic exposure to low levels of 
Al may lead to neurological disorders (Joshi, 
1990).  This study revealed that the highest level 
of brain Al was in the olfactory bulb as observed 
by Sunderman Jnr (2001), followed by the 
cerebellum. Al was observed to accumulate in all 
regions of the brain with maximum accumulation 
in the hippocampus (Vasishta and Gill, 1990). In 
rats, the concentration was high in the 
hippocampus and thalamus (Nayak and Chatterjee, 
2002). There were no significant differences 
between the sexes. 
        Although Mo was discovered to accumulate 
in all organs including the brain and pituitary 
(Haywood et al, 1998), this study showed that Mo 
is kept at a relatively low concentration in the 
different brain regions of goats with a mean 
concentration of 0.08 ppm without any significant 
differences between the sexes. Mo in the form of 
Ammonium tetrathiomolybdate (TTM) is used to 
treat chronic Cu poisoning in sheep and has been 
recommended in Wilson’s disease, although recent 
findings question the long term safety of the drug.  
       The fact that the level of vanadium is 
consistently higher in the olfactory bulb than the 
other regions is important in view of the role of 
Vanadium as a pollutant in the petroleum industry. 

Va has been reported to cause major alterations of 
lipid profiles and protein concentration in all the 
brain regions and also leads to the comprehensive 
degradation of lipids in different brain regions 
with a concomitant elevation of ganglioside levels 
(Sasi et al, 1994). This is of great importance in 
developing countries especially since human 
habitations are sometimes located so close to the 
factories. 
        The value of Pb in this study is slightly 
higher than the value obtained in goats by Olopade 
et al, 2005b in our laboratory. This metal was seen 
to be more concentrated in the cerebellum 
followed by the olfactory bulb and lowest in the 
hippocampus. Brain exposed to lead has been 
reported to develop oxidative stress (Wang et al, 
2006) while in sheep Pb poisoning is a differential 
diagnosis for polioencephalomalacia (Merck’s 
manual, 2005). 
 Analysis of variance revealed that the most 
significant differences in metal concentrations 
across the brain regions occurred with Fe and Zn.  
        The olfactory bulb had the highest 
concentrations for Va, Cu, Fe, Mo, Al, while it had 
the second highest concentration for Pb and Zn. 
This high level of all metals in the olfactory bulb 
may be indicative of prevailing environmental 
pollution in the population studied although the 
area where this study was done is devoid of heavy 
industry. It is suggested that low scale industrial 
activities and solid waste pollution prevalent in the 
study area could be contributing significantly to 
environmental pollution.  
 The results of the study could play a relevant 
role in predicting the level of exposure of humans 
to metals in the environment and can serve as 
basis for comparison with goats that have been 
raised in highly polluted environments.  
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