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ABSTRACT 

Lead is one of the most abundant heavy metals that has become widely distributed and mobilised in the environment. It exists in 
various forms which are bioavailable to many organisms including birds, causing physiological changes upon exposure. The aim 
of this study was to investigate the effects of sub lethal levels of lead on acetylcholinesterase activity in the Rock pigeon 
(Columba livia). Twelve free range and two pen reared (control) pigeons were collected from breeders around the city of 
Bulawayo and placed in separate cages. Six free range and one pen reared birds were exposed to 1.25 ppm lead acetate 
spiked feed and water for 72 hrs, whilst the remaining birds served as the unexposed control. Spiked feed and water were 
changed daily. Both the exposed and unexposed birds were sacrificed and the muscle, heart and liver tissues isolated and 
assayed for acetylcholinesterase activity. There was significant inhibition of enzyme activity in all tissue samples obtained from 
lead exposed free range birds when compared to their unexposed counterparts. In the lead exposed free range birds, muscle 
and liver acetylcholinesterase activity was below 0.005 µg/min/mg protein while that of the heart was in the 0.02-0.07 µg/min/mg 
protein range. Enzyme activity was greater than 0.1 µg/min/mg protein in the unexposed free range birds. Comparing the 
acetylcholinesterase activity of the lead exposed pen reared control, with that of the lead exposed free range birds, the latter 
demonstrated significant inhibition (p<0.05). The results therefore highlight the inhibitory effect of sub lethal levels of lead on 
acetylcholinesterase activity which could also be possibly enhanced by prior exposure to other environmental contaminants.  
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1. INTRODUCTION 

One of the most dangerous threats to the 
environment is pollution by heavy metals 
(Sevcikova et al., 2011). Heavy metals are 
defined as a group of metallic elements 
that have density higher than that of water 
(Tchounwou et al., 2012). Whilst they 
occur naturally in the earth, most 
environmental contamination results from 
anthropogenic activities such as mining, 
industrial production and agricultural use 
of metals and metal containing chemicals 
(Sevcikova et al., 2011, Tchounwou et al., 
2012). Unlike organic pollutants, heavy 
metals are not biodegradable and so they 
tend to persist in the environment.  

The ubiquity, persistence and 
accumulation of heavy metals in the 
environment implies that living organisms 
are continuously exposed to them, 
resulting in toxicity (Espín et al., 2014). 
Heavy metals such as lead may be 
present in soft acidic water or in air as 
particles, which are removed by rain or 
gravitational settling (Cao et al., 2003, 
Frantz et al., 2012). In the soil, lead is 

adsorbed strongly and retained in the 
upper soil layers (Setyorini et al., 2002). At 
this point, it presents a risk to wildlife, 
particularly birds such as pigeons, which 
deliberately ingest grit to help breakdown 
food (Begum and Sehrin, 2013, Frantz et 
al., 2012). The birds end up consuming 
lead, which accumulates in the blood, 
liver, kidney, bones as well as feathers, 
subsequently altering biological processes 
(Frantz et al., 2012). The biological 
changes that occur as a result, can be 
observed through the use of biomarkers, 
where a change in biological response 
related to exposure to environmental 
chemicals is measured (Peakall, 1994). 
One such biomarker is the esterase 
enzyme acetylcholinesterase (AChE). 

Acetylcholinesterase belongs to the 
cholinesterases family, and is responsible 
for the breakdown of the neurotransmitter 
acetylcholine into choline and acetate 
(Lodish et al., 2000, Lionetto et al., 2013). 
Its activity terminates synaptic 
transmission, thus preventing continuous 
nerve firings at nerve endings (Lionetto et 
al., 2013). The inhibition of AChE has 
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been characterised as a biomarker of 
pesticide exposure, particularly the 
organophosphorus and carbamate 
compounds which specifically inhibit the 
enzymes’ catalytic activity. In recent years, 
studies have shown sensitivity of AChE to 
other pollutants such as polycyclic 
aromatic hydrocarbons, detergents as well 
as heavy metals (Lionetto et al., 2013). 
Frasco and colleagues (2005) 
demonstrated the potential of metallic ions 
such as Hg2+, Cd2+ and Cu2+ to depress or 
inhibit AChE activity. Acetylcholinesterase 
activity therefore serves as a good 
versatile biomarker. 

While Rock pigeons accumulate lead in 
blood and tissues, they are resistant to its 
toxic effects, thus making the bird an 
excellent biomonitor of environmental lead 
(Dement et al., 1987). According to 
DeMent and colleagues (1987), all birds 
are constantly exposed to sub lethal 
quantities of lead. This study therefore 
was aimed at assessing the effects of sub 
lethal levels of lead on 
acetylcholinesterase activity in the Rock 
pigeon (Columba livia), a bird indigenous 
to Bulawayo, Zimbabwe. 

2. MATERIALS AND METHODS 

2.1 Chemicals 

All chemicals, substrates and enzymes 
were purchased from Sigma Aldrich 
Chemical Company, Germany.  All other 
laboratory reagents were of analytical 
grade.  

2.2 Maintenance of Rock pigeons and  
      exposure 

Twelve free range and two pen-reared 
(control) Rock pigeons used in this study, 
were obtained from breeders in the city of 
Bulawayo. These were caged separately 
and allowed to acclimatise to laboratory 
conditions for 7 days. Following 
acclimatisation, half of the free range or 
pen reared birds were exposed ad libitum 
to 1.25 ppm lead acetate for 72 hours, 
while the other half remained unexposed. 
The lead acetate spiked feed and water 
were changed every 24 hours. The lead 
acetate concentrations used for sub lethal 

exposure, were obtained from literature 
(Mehrotra et al., 2008).  

2.3 Preparation of the post  
     mitochondrial fraction (PMF) 

Following the exposure period, the birds 
were sacrificed following the protocol 
outlined by the American Veterinary 
Medical Association Guidelines for the 
Euthanasia of Animals (AVMA, 2013). 
The birds were dissected and the liver, 
muscle tissue and heart were isolated. 
Each sample tissue was washed in 
distilled water, placed on filter paper to 
drain extra fluids, and weighed. 
Individually, the samples were 
homogenized in five volumes ice cold 0.1 
M potassium phosphate buffer, pH 7. The 
homogenates were centrifuged at          
10 000 x g for 15 minutes at 4°C and the 
post-mitochondrial fraction collected and 
stored at -80°C prior to analysis.  

2.4 Protein determination 

Protein content of the post-mitochondrial 
fraction was determined following a 
modified method of Lowry et al., (1951) 
using bovine serum albumin (BSA) as a 
standard. 

2.5 Assessment of acetylcholinesterase   
      activity 

Acetylcholinesterase activity was 
measured according to the method of 
(Ellman et al. (1961)) adapted for a 
microtitre plate reader as described by 
(Kallander et al., 1997). Briefly, the 
following reagents were added to the 
microtitre plate:110 µl of 0.01 M Tri/HCl 
buffer pH 8.0, 20 µl of 3.2 mM 5.5 
dithio-bis-(2-nitrobenzoic acid) (DTNB) 
and 50 µl of 1 mg/ml PMF. The mixture 
was incubated for 3 minutes before 
adding 20 µl of 10 mM acetylthiocholine 
iodide. The rate of production of a 
complex between thiocholine and DTNB 
was followed at 25°C for 5 minutes at 
412 nm using the SpectraMax 340 pc 
plate reader. Each sample was assayed 
in quadruplicate and specific activity 
calculated using an extinction coefficient 
of 14.15 mM-1cm-1.  
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2.6 Statistical analysis 

Statistical differences were analysed 
using the one-way Analysis of Variance 
(ANOVA) Dunnet's Multiple Comparison 
test found in the GraphPad Prism 5 
statistical analysis software program, 
purchased from GraphPad Software Inc. 
(La Jolla, CA, USA). The significance of 
the results was ascertained at p<0.05. 

3. RESULTS 

3.1 Effect of lead on muscle AChE  
      activity 

Acetylcholinesterase activity was 
significantly reduced (p<0.05) in the lead 
exposed free range birds, showing activity 
of less than 0.01 µg/min/mg protein as 
compared to the unexposed birds which 
had activity of above 0.025 µg/min/mg 
protein (Figure 1). In the pen-reared 
control, activity in the lead exposed birds 
was about 0.015 µg/min/mg protein, while 
that of the unexposed was approximately 
0.03 µg/min/mg protein (Figure 1). 

                  

 

 

Figure 1. Effect of lead on acetylcholinesterase activity in muscle tissue of Columba  
              livia. Control bars represent pen reared birds, while bars 1-6 represent free  
              range birds. Values represent the average of quadruplicate measurement and  
              are expressed as mean ±SD. Significance of the results was ascertained at  
              p<0.05. Bars with different letters indicate significant differences and bars  
              with the same letters indicate there was no significant difference.  

3.2 Effect of lead on heart AChE activity 

In both the free range and control pen 
reared birds exposed to lead, enzyme 
activity was low ranging between 0.02-

0.07 µg/min/mg protein (Figure 2). On the 
other hand, acetylcholinesterase activity in 
all the unexposed birds was higher than in 
the exposed birds, in the 0.07-0.19 
µg/min/mg protein range (Figure 2).  
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Figure 2. Effect of lead on acetylcholinesterase activity in heart tissue of Columba  
               livia. Control bars represent pen reared birds, while bars 1-6 represent free  
               range birds. Values represent the average of quadruplicate measurement and  
               are expressed as mean ±SD. Significance of the results was ascertained at  
               p<0.05. Bars with different letters indicate significant differences and bars  
               with the same letters indicate there was no significant difference. 

3.3 Effect of lead on liver AChE activity 

Enzyme activity in the exposed free range 
birds was less than 0.02 µg/min/mg 
protein, while that of the unexposed birds 
was significantly high (p<0.05), ranging 

between 0.06-0.12 µg/min/mg protein 
(Figure 3). In the pen reared control, 
enzyme activity of the lead exposed and 
unexposed birds was 0.059 µg/min/mg 
protein and 0.062 µg/min/mg protein 
respectively (Figure 3).  

              

 

 

Figure 3. Effect of lead on acetylcholinesterase activity in liver tissue of Columba    
               livia. Control bars represent pen reared birds, while bars 1-6 represent free  
               range birds. Values represent the average of quadruplicate measurement and  
               are expressed as mean ±SD. Significance of the results was ascertained at  
               p<0.05. Bars with different letters indicate significant differences and bars  
               with the same letters indicate there was no significant difference. 
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4. DISCUSSION 

In the present study, acetylcholinesterase 
sensitivity in pigeons exposed to lead was 
observed. All sample tissues i.e. muscle, 
heart and liver from the exposed free range 
birds showed significantly reduced AChE 
activity as compared to the unexposed 
birds (Figures 1-3). These findings are in 
agreement with studies conducted by 
Hamidpoor and colleagues (2016) who 
observed significantly reduced AChE 
activity in the plasma of quail birds that had 
been exposed to lead. Reduced activity 
could be attributed to several reasons. It 
could be due to lead binding directly onto 
protein functional groups such as the 
sulfhydryl groups, thus compromising the 
enzymes catalytic activity (De Lima et al., 
2013, Phyu and Tangpong, 2014). The 
differences in the magnitude of AChE 
inhibition in the different tissue samples 
(approximately 2.5, 5-10 and up to 18 fold 
reduction in activity for muscle, liver and 
heart tissue respectively) may have been 
due to AChE gene splice variants which 
give rise to multiple protein forms with 
differences in sensitivity (Lionetto et al., 
2013, Resch, 2007). 

The decreased enzyme activity may also 
be due to lead being a competitive inhibitor 
of the release of the acetylcholine 
neurotransmitter (Sadiq et al., 2012). Lead 
has the ability to mimic and inhibit the 
actions of calcium, which plays a role in the 
nervous system. Depolarisation of the 
presynaptic membrane causes calcium 
ions to enter the neuron, via voltage gated 
channels, and cause the synaptic vessels 
containing acetylcholine to fuse with the 
membrane and release the 
neurotransmitter (Lodish et al., 2000). Lead 
is absorbed through the same channels as 
calcium and so competitively inhibits the 
release of acetylcholine (Sadiq et al., 
2012). With reduced amount of 
neurotransmitter released, there could 
result a corresponding reduced enzyme 
activity. To confirm this, however, 
electrophysical techniques that use 
intracellular recordings to monitor 
acetylcholine release would have to be 
performed. Using these techniques, 

Cooper and Manalis (1982) were able to 
demonstrate the competitive interaction 
between lead and calcium ions in their 
studies on the amphibian neuromuscular 
junction. 

Apart from interfering with the release of 
acetylcholine, lead has also shown the 
ability to interact with acetylcholine 
receptors. Analysing rat brain tissue using 
ligand binding assays, Bondy and Agraul 
(1980) observed the inhibition of 
muscarinic acetylcholine receptors (which 
bind acetylcholine and mediate a metabolic 
response via second messenger 
cascades) by the interaction of its 
sulfhydryl groups with lead. Inhibition of the 
binding of acetylcholine would result in its 
accumulation, which may subsequently 
cause substrate inhibition of AChE enzyme 
(Reed et al., 2010). This may have caused 
the low activity observed in the current 
study.  

Comparing the overall AChE activity of the 
exposed free range versus the exposed 
pen reared (control), the former showed 
significant decreased enzyme activity, 
more so in the liver and muscle tissues. 
This may be attributed to free range birds 
being exposed to a greater variety of 
pollutants as they fly around, as opposed 
to the pen reared that grow in controlled 
environments. These possible prior 
exposures may have caused a synergistic 
effect with lead, resulting in increased 
inhibition of AChE activity (Hamadipoor et 
al., 2016).  

5. CONCLUSION 

The present study shows that sub lethal 
levels of lead cause significant inhibition of 
AChE activity in muscle, heart and liver 
tissues of Columba livia. Further work may 
be carried out to assess AChE activity in 
other tissues e.g. gizzard, kidney etc. to 
get a wholesome picture of the enzymes’ 
activity. Nonetheless, the inhibition of 
AChE here, demonstrated its worthy use 
as a biomarker of exposure to lead which 
could potentially be used in the monitoring 
of other heavy metals present in the 
environment. 



ZJST. Vol. 12 [2017]  Basopo  et al 1 -7 
 

6 
 

6. ACKNOWLEDGEMENTS 

This research was supported by the 
International Program in Chemical 
Sciences (IPICS) Uppsala, Sweden.  

REFERENCES 

AVMA. (2013). AVMA Guidelines for the 

Euthanasia of Animals: 2013 Edition. 

Available from:  

https://www.avma.org/KB/Policies/Docume

nts/euthanasia.pdf [Accessed on 8.11.16]. 

Begum, A. and Sehrin, S. (2013). Levels 
of heavy metals in different tissues of 
pigeon (columba livia) of Bangladesh for 
safety assessment for human 
consumption. Bangladesh Pharmaceutical 
Journal 16(1), 81-87. 

Bondy, S. C. and Agrawal, A. K. (1980). 
The inhibition of cerebral high affinity 
receptor sites by lead and mercury 
compounds. Archives of Toxicology 46(3-
4), 249-56. 

Cao, X., Ma, L. Q., Chen, M., Hardison, D. 
W. and Harris, W. G. (2003). Weathering 
of lead bullets and their environmental 
effects at outdoor shooting ranges. Journal 
of Environmental Quality 32(2), 526-534. 

Cooper, G. and Manalis, R. (1982). 
Influence of heavy metals on synaptic 
transmission: A review. Neurotoxicology 4 
(4), 69-83. 

De Lima, D., Roque, G. M. and De 
Almeida, E. A. (2013). In vitro and in vivo 
inhibition of acetylcholinesterase and 
carboxylesterase by metals in zebrafish 
(danio rerio). Marine Environmental 
Research 91, 45-51. 

Dement, S. H., Chisolm Jr, J. J., Eckhaus, 
M. A. and Strandberg, J. D. (1987). Toxic 
lead exposure in the urban rock dove. 
Journal of Wildlife Diseases 23(2), 273-
278. 

Ellman, G. L., Courtney, K. D., Andres, V. 
and Featherstone, R. M. (1961). A new 
and rapid colorimetric determination of 
acetylcholinesterase activity. Biochemical 
Pharmacology 7(2), 88-95. 

Espín, S., Martínez-López, E., Jiménez, 
P., María-Mojica, P. and García-
Fernández, A. J. (2014). Effects of heavy 
metals on biomarkers for oxidative stress 
in griffon vulture (gyps fulvus). 
Environmental Research 129, 59-68. 

Frantz, A., Pottier, M.-A., Karimi, B., 
Corbel, H., Aubry, E., Haussy, C., 
Gasparini, J. and Castrec-Rouelle, M. 
(2012). Contrasting levels of heavy metals 
in the feathers of urban pigeons from close 
habitats suggest limited movements at a 
restricted scale. Environmental Pollution 
168, 23-28. 

Frasco, M., Fournier, D., Carvalho, F. and 
Guilhermino, L. (2005). Do metals inhibit 
acetylcholinesterase (AChE)? 
Implementation of assay conditions for the 
use of ache activity as a biomarker of 
metal toxicity. Biomarkers 10(5), 360-375. 

Hamidipoor, F., Banaee, M., Pourkhabbaz, 
H. R. and Javanmardi, S. (2016). 
Synergistic effects of sub-lethal 
concentrations of deltamethrin on lead 
acetate toxicity in japanese quail (coturnix 
japonica). Journal of Chemical Health 
Risks 6(1), 9-22. 

Kallander, D., Fisher, S. and Lydy, M. 
(1997). Recovery following pulsed 
exposure to organophosphorus and 
carbamate insecticides in the midge, 
chironomus riparius. Archives of 
Environmental Contamination and 
Toxicology 33 (1), 29-33. 

Lionetto, M. G., Caricato, R., Calisi, A., 
Giordano, M. E. and Schettino, T. (2013). 
Acetylcholinesterase as a biomarker in 
environmental and occupational medicine: 
New insights and future perspectives. 
BioMed Research International 2013, 8. 

Lodish, H., Berk, A. and Zipursky, S. 
(2000). Neurotransmitters, synapses, and 
impulse transmission. Molecular Cell 
Biology. New York: W. H Freeman and 
Company. 

Lowry, O. H., Rosebrough, N. J., Farr, A. 
L. and Randall, R. J. (1951). Protein 
measurement with the folin phenol 
reagent. Journal of Biological Chemistry 
193(1), 265-275. 

https://www.avma.org/KB/Policies/Documents/euthanasia.pdf
https://www.avma.org/KB/Policies/Documents/euthanasia.pdf


ZJST. Vol. 12 [2017]  Basopo  et al 1 -7 
 

7 
 

Mehrotra, V., Saxena, V. and Saxena, A. 
(2008). Impact of different doses of lead 
on internal organs of quails. Journal of 
Environmental Biology 29(2), 147. 

Peakall, D. (1994). The role of biomarkers 
in environmental assessment (1). 
Introduction. Ecotoxicology3(3), 157-160. 

Phyu, M. P. and Tangpong, J. (2014). 
Sensitivity of acetylcholinesterase to 
environmental pollutants. Journal of Health 
Research 28(4), 277-83. 

Reed, M. C., Lieb, A. and Nijhout, H. F. 
(2010). The biological significance of 
substrate inhibition: A mechanism with 
diverse functions. Bioessays 32(5), 422-
429. 

Resch, A. M. (2007). Alternative splicing: 
Protein impact and genome evolution, 
University of California, Los Angeles. 

Sadiq, S., Ghazala, Z., Chowdhury, A. and 
Büsselberg, D. (2012). Metal toxicity at the 
synapse: Presynaptic, postsynaptic, and 
long-term effects. Journal of Toxicology 
2012. 

Setyorini, D., Kurnia, U. and Prihatini, T. 
(2002). Pollution of soil by agricultural and 
industrial waste, Food and Fertilizer 
Technology Center. 

Sevcikova, M., Modra, H., Slaninova, A. 
and Svobodova, Z. (2011). Metals as a 
cause of oxidative stress in fish: A review. 
Veterinarni Medicina 56 (11), 537-546. 

Tchounwou, P. B., Yedjou, C. G., Patlolla, 
A. K. and Sutton, D. J. (2012). Heavy 
metals toxicity and the environment. 
Experentia Supplementum 101, 133-164. 

 


