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Nigerian local farmers are occupationally exposed to organophosphate pesticides with a resultant side
effect on the cholinergic pathway. Impairment of acetylcholinesterase (AchE) enzyme activity is characteristic
of this defect, leading to accumulation of the neurotransmitter acetylcholine at the neuromuscular junction. The
main objective of this study was therefore to determine the plasma levels of AchE activity and their correlation
with age of the subjects.

A total of 52 farmers occupationally exposed to OP pesticides were recruited at Idi-Ayunre farm
settlements, Ibadan, South-Western Nigeria. 52 control subjects were also recruited. All participants were
apparently healthy with none on any medication.

Mean AchE level of OP-exposed farmers (7.22 + 1.99)kIU/L was significantly lower (p<0.05) than that of
unexposed controls (12.23 £ 1.67)kIU/L. Correlation of AchE activity with age in the control subjects was -
0.325 (p=0.019).

Low AchE activity level of the farmers indicates a persistent accumulation of acetylcholine at the
neuromuscular junction, which thus predisposes them to intermediate syndrome. Significant negative
correlation between AchE activity and age of the controls indicates a steady decline in AchE activity as a result
of normal ageing, and this could also possibly mediate some changes in cognitive function.
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l. INTRODUCTION
The enzyme acetylcholinesterase (AchE; E.C. 3.1.1.7) found in the cholinergic terminal is a specific choline
esterase, hydrolyzing predominantly choline esters (acetylcholine- Ach) and characterized by high levels in brain, nerve and
red blood cells [1]. AchE plays a key role in cholinergic metabolism as it hydrolyzes the neurotransmitter acetylcholine into
acetate and choline, thus terminating nerve impulse transmission. The distribution of the enzyme in the central and
peripheral nerve tissues of different vertebrates demonstrates a high range of variation [2, 3].

The importance of AchE in the body homeostasis is underscored by the fact that they are the targets of some of the
most potent toxins including insecticides (or pesticides), snake venom and chemical weapons [4]. Inhibition of AchE by
these compounds leads to accumulation of acetylcholine in the synaptic cleft and results in impeded neurotransmission [5].
Acetylcholine is considered as the most important neurotransmitter involved in regulation of cognitive functions [6], and
accumulation within the nervous system leads to continuous stimulation of cholinergic receptors, resulting in symptoms of
toxicity such as salivation, tremors, and miosis and in severe cases, respiratory paralysis and death [7].

Organophosphates, esters of phosphoric acid, are a class of irreversible AchE inhibitors [5]. Thus, the inhibition of
AchE activity has been used widely as a biomarker of exposure to organophosphate pesticides [8]. In our local environment,
farm workers are the ones directly at the receiving end of the hazards associated with chronic exposure to organophosphate
pesticides, and are therefore vulnerable to defects in the cholinergic system attendant on accumulation of acetylcholine at the
neuromuscular junction.

Similarly, a marked decrease in AchE activity with increasing age has been reported by Jha and Rizvi [9], which
also suggests the vulnerability of those with advanced age to impaired neurotransmission. Normal ageing is reported to be
associated with a slow decline in brain functions such as sensory and motor performance and at times, this decline is
accompanied by progressive memory loss, dementia and cognitive dysfunctions, ultimately resulting in limited functionality
[10].
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A neurochemical hypothesis has been proposed in which brain ageing is related to changes in cerebral
neurotransmission, and the initial focus has been on cholinergic neurotransmission [11]. Considering a body of
animal literature [12, 13, 14, 15, 16, 17, 18], Trollor and Valenzuela [11] further suggested that disruption to the
cholinergic system could be one possible mediating factor in age-related cognitive change in humans. Changes
in cholinergic function have been characterized and a strong correlation has been observed with cognitive
decline associated with aging [9].

Extensive evidence, ranging from experiments assessing the effects of cortical cholinergic inputs on
cognitive performance to studies assessing cortical acetylcholine release or changes in Ach-mediated neuronal
activity in task-performing animals, has substantiated the general hypothesis that cortical cholinergic inputs
primarily mediate attentional processes and capacities [19, 20, 21, 22, 23]. The aim of this study therefore, was
to determine the plasma levels of AchE activity in organophosphate-exposed farm workers and control subjects,
and correlation with age of the subjects.

. MATERIALS AND METHODS
The study was approved by the University of Ibadan/University College Hospital (UI/UCH) Joint
Ethics Review Committee and informed consent was obtained from each of the participants prior to specimen
collection.

2.1 STUDY PARTICIPANTS

A total of 52 occupationally exposed farmers (41 males, 11 females; aged 30-62 years) were recruited
for this case-control study at Idi-Ayunre farm settlements, Oluyole Local Government Area located on the
outskirts of Ibadan metropolis, Southwestern Nigeria. The 52 control subjects (41 males, 11 females; aged 38-60
years) were recruited from the premises of UCH Ibadan and environs. All participants were apparently healthy
and none was on any medication.

2.2 METHODOLOGY

2.2.1 Questionnaire Administration: At enrollment, the participants completed a short structured
questionnaire designed to obtain information on their demographic characteristics, life style, number of years in
the farming profession, duration of exposure to organophosphate pesticides per day, medical histories and
dietary habits.

2.2.2 Blood Collection: Five milliliters of blood was collected into lithium heparin bottles, and
centrifugation of the blood samples was done at 5009 for 5 minutes, followed by freezing of the plasma samples
at -20°C until they were analyzed.

2.2.3 Procedure for Acetylcholinesterase Activity Assay in Plasma: Using the method of Ellman et al.
[24], the measurement of AChE activity in plasma samples was carried out as follows:
10 ul of the plasma sample was added to 3 mL of solution containing 25 mM DTNB (5, 5’-dithiobis-2-
nitrobenzoic acid) in 75 mM phosphate buffer. 10 pl of 3 mM acetylcholine iodide was added, and changes in
absorbance were measured at 412 nm in a double beam spectrophotometer.

2.2.4 Statistical Analysis: The statistical analysis of the data was carried out using SPSS version 17 for
windows. Results were presented as mean = SD and the level of significance was set at p< 0.05. Student t-test
was used to examine the differences in mean AchE activity between the farmers and controls. Pearson
correlation coefficient (r) was used to test the relationship between variables.

1. RESULTS

Some demographic and clinical indices of the subjects are shown in Table 1. As depicted in this table,
there was a significantly (p< 0.05) higher systolic blood pressure in the farmers (132.88mmHg) compared with
the controls (123.37mmHg). However, their mean blood pressures fall below the normal threshold of
140/90mmHg as specified by the World Health Organization [25].

Table 2 depicts the correlation of AchE activity with age of the farmers (r= 0.189, p= 0.179) and the
Controls (r= -0.325, p= 0.019), while figure 1 shows a graphical representation of the mean plasma AchE
activity observed in the subjects.
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Table 1. Comparison of Some Demographic and Clinical Indices of the Subjects

INDEX

FARMERS (n=52)

CONTROLS (n=52)

p-VALUE

YEARS OF FARMING EXPERIENCE

DURATION (HOURS) OF EXPOSURE/DAY
SYSTOLIC BLOOD PRESSURE (mmHg)

DIASTOLIC BLOOD PRESSURE (mmHg)

19.79 £ 13.97

2.53+1.30

132.88 £8.25

123.37 +£10.88

0.000*

82.12 +7.76 9.52 +8.30 0.102

*significant at p< 0.05, n= number of subjects

14

“p<0.05

12

10

8 B MEAN AchE ACTIVITY (kIU/L)

2

0 T T T T 1
OP-EXPOSED FARMERS CONTROLS

Fig. 1 Mean AchE Activity (kIU/L) of the Subjects

Table 2. Correlation of AchE Activity with Age and Years of Farming Experience of the Subjects

INDEX INDEX FARMERS (n=52) r-value; p-value | CONTROLS (n=52) r-value; p-value

AchE (KIU/L) | Age (Years) | 0.189; 0.179 -0.325; 0.010*

*significant at p< 0.05, n= number of subjects, r= Spearman correlation coefficient

V. DISCUSSION
Occupational exposure to organophosphate pesticides has been shown to be characterized by a marked
inhibition of acetylcholinesterase activity. The findings reported in this study clearly indicate a high level of
exposure to organophosphate pesticides among the local farmers around Ibadan, Southwest Nigeria, hence their
significantly lower AchE activity (Fig. 1), compared with that of the Controls. This further corroborates reports
from previous studies [26, 27] in which significantly inhibited AChE activity was found in organophosphate-
exposed workers. Inhibition of AChE leads to accumulation of the neurotransmitter, acetylcholine at the
neuromuscular junction, thus rendering these farmers vulnerable to defects in cholinergic neurotransmission.
This study also reveals that the normal ageing process is associated with a progressive decline in AChE
activity as indicated by the significant negative correlation observed between age and AchE activity in the
control subjects (p< 0.05) (Table 2). This finding supports previous reports of Jha and Rizvi [9] in which there
was a marked decrease in AchE activity with increasing age in normal healthy subjects. Similar findings were
also reported separately by Das et al. [28] and Skau & Triplett [29] in studies in which the relationship between
ageing and AchE activity in different brain regions were examined.
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Decline in cholinergic indices (choline acetyltransferase, AchE, and muscarinic acetylcholine
receptors) has already been reported during normal ageing process [30]. Ageing is an inevitable biological
process and has been defined as the progressive accumulation of diverse deleterious changes with time that
increases the chance of disease and death [9]. Trollor and Valenzuela [11] have suggested that disruption to the
cholinergic system could be one possible mediating factor in age-related cognitive change in humans. Therefore,
it is presumed that increasing cholinergic transmission may enhance cognitive function [31] in aged individuals.
Cells in all regions of the nervous system are affected by ageing, as indicated by the decline in sensory, motor
and cognitive functions with time [32]. However, there is considerable variability among individuals in the
apparent rate of ageing, the neural systems most affected, and whether and how age-related deficits are
compensated [33].

V. CONCLUSION
The marked inhibition of AchE activity by organophosphates is well established and further
demonstrated by this study. Based on the findings in this study, it is concluded that normal ageing is
accompanied by a gradual decline in AchE activity. However, the correlation of changes in cholinergic function
(occasioned by a marked decrease in AchE activity) with cognitive decline associated with ageing is needed,
thus necessitating further studies.

ACKNOWLEDGEMENTS
Much thanks to Dr. Ayoade Gabriel, Dr. Emedoh and Mr. Titiloye Oyewumi who offered technical
assistance to the authors of this manuscript during the course of the study.

REFERENCES

[1] Das UN. Acetylcholinesterase and butyrylcholinesterase as possible markers of low grade systemic inflammation. Medical
Science Monitor Vol 13, 214-221 (2007).

[2] Silman I; Sussman JL. Acetylcholinesterase classical and non-classical functions and pharmacology. Curr Opin Pharmacol
5, 293-302 (2005).

[3] Shen T; Tai K; Henchman RH; McCammon HA. Molecular dynamics of acetylcholinesterase, Acc Chem Res 35, 332-40
(2002).

[4] Silman I; Sussman JL. Structural studies on cholinesterases, in Cholinesterases and cholinesterase inhibitors. (Ed)
(Giacobini E. London. Mortin Dunitz), 9-25 (2000).

[5] Shaked I; Meerson A; Wolf Y; Avni R; Greenberg D; Gilboa-Geffen A; Soreq H. MicroRNA-132 potentiates cholinergic
anti-inflammatory signaling by targeting acetylcholinesterase, Immunity 31, 965-973 (2009).

[6] Das A; Rai D; Dikshit M; Palit G; Nath C. EFFECT OF UNPREDICTABLE STRESS ON COGNITION AND BRAIN
ACETYLCHOLINESTERASE ACTIVITY IN ADULT AND AGED MICE. Indian Journal of Pharmacology 34, 416-
421 (2002).

[7] Mazor O; Cohen O; Kronman C; Raveh L; Stein D; Ordentlich A; and Shafferman A. Aging-Resistant Organophosphate
Bioscavenger Based on Polyethylene Glycol-Conjugated F338A Human Acetylcholinesterase. Mol Pharmacol 74, 755-
763 (2008).

[8] Rickwood CJ; Galloway TS. Acetylcholinesterase inhibition as a biomarker of adverse effect: A study of Mytilus edulis

exposed to the priority pollutant chlorfenvinphos. Aquatic Toxicology 67, 45-56 (2004).

[9] Jha R; Rizvi SI. AGE-DEPENDENT DECLINE IN ERYTHROCYTE ACETYLCHOLINESTERASE ACTIVITY:
CORRELATION WITH OXIDATIVE STRESS. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 153(3),
195-198 (September 2009).

[10] Jintanaporn W; Supaporn M; Wipawee T; Terdthai T; Panakporn W; Nattaporn P; Pratchaya K; Thanes C; Wiroje K;
Suttisan P; Sathaporn W. Mulberry Fruits Protects Against Age-Related Cognitive Decline. American Journal of Applied
Sciences 9(9), 1503-1511 (2012).

[11] Trollor JN; Valenzuela MJ. Brain Ageing in the New Millennium. Australian and New Zealand Journal of Psychiatry 35,
788-805 (2001).

[12] Deutsch J; Hamburg M; Dahl H et al. Anticholinesterase —induced amnesia and its temporal aspects. Science 151, 221-223
(1996).

[13] Bartus R. Short term memory in the rhesus monkey: disruption from the anticholinergic scopalamine. Pharmacology,
Biochemistry and Behaviour 5, 39-46 (1976).

[14] Hagan J; Jansen J; Broekamp C et al. Blockade of spatial learning by the M1 Muscarinic antagonist pirenzepine.

Psychopharmacology 93, 470-476 (1987).

[15] Caulfield M; Higgins G; Staughan D et al. Central administration of the muscarinic receptor subtype-selective antagonist
pirenzepine selectively impairs passive avoidance learning in the mouse. Journal of Pharmacy and Pharmacology 35, 131
132 (1983).

[16] Flicker C; Dean R; Watkins D et al. Behavioural and Neurochemical Effects following neurotoxic lesion of a major
cholinergic input to the cerebral cortex in the rat. Pharmacology, Biochemistry and Behaviour 18, 973-981 (1983).

[17] Sastry B; Janson V; Jaiswal N et al. Changes in enzymes of the cholinergic system and acetylcholine release in the cerebra of
aging male Fischer rats. Pharmacology 26, 61-72 (1983).

[18] Lippa A; Pelnam R; Beer B et al. Brain cholinergic dysfunction and memory in aged rats. Neurobiology of Aging 1, 13-19
(1980).

[19] Sarter M; Givens B; Bruno JP. The cognitive neuroscience of sustained attention: where top-down meets bottom-up. Brain
Research Reviews 35, 146-60 (2001).

www.theijes.com The JES Page 41



Organophosphate and Ageing Induced Decline in Activity of Acetylcholinesterase Enzyme: Potential...

[20]
[21]

[22]
[23]

[24]
[25]
[26]

[27]

[28]
[29]
[30]
[31]
[32]

[33]

Sarter M; Bruno JP. Cortical cholinergic inputs mediating arousal, attentional processing and dreaming: differential afferent
regulation of the basal forebrain by telencephalic and brainstem afferents. Neuroscience 95, 933-52 (2000).

Sarter M; Bruno JP. Cognitive functions of cortical acetylcholine: toward a unifying hypothesis. Brain Research Reviews.
23, 28-46 (1997).

Everitt BJ; Robbins TW. Central cholinergic systems and cognition. Annu Rev Psychol 48, 649-84 (1997).

Chiba AA; Bucci DJ; Holland PC; Gallagher M. Basal forebrain cholinergic lesions disrupt increments but not decrements in
conditioned stimulus processing. J Neurosci 15, 7315-22 (1995).

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

World Health Organization (WHO). 2003 World Health Organization (WHO/International Society of Hypertension (ISH)
statement on management of hypertension. J Hypertens 21, 1983-1992 (2003).

Ngo MA; O’Malley M; Maibach HI. Percutaneous absorption and exposure assessment of pesticides. J Appl Toxicol, 30, 91-
114 (2010).

Gralewicz S; Swiercz R; Lutz P; Wiaderna D; Wasowicz W. Effects of stress pretreatment on the dynamics of blood
cholinesterase activity after exposure to an organophosphorus pesticide in the rat. Ann Agric Environ Med, 17(1), 65-71
(2010).

Das A; Dikshit M; Nath C. Profile of acetylcholinesterase in brain areas of male and female rats of adult and old age. Life Sci
68, 1545-55 (2001).

Skau KA, Triplett CG. Age related changes in activity of Fischer 344 rat brain acetylcholinesterase molecular forms. Mol
Chem Neuropathol 35 (1-3), 13-21 (1998).

Zhang X. Cholinergic activity and amyloid precursor protein processing in aging and Alzheimer's disease. Curr Drug Targets
CNS Neurol Disord 3(2), 137-52 (2004).

Poirier J. In Alzheimer’s Disease: Biology, Diagnosis and Therapeutics, Igbal, K.; Winblad B.; Nishimura T.; Takeda M.;
Wisniewski H. Eds.; John Wiley & Sons Publishers, 1997, pp. 93.

Hofer S. M.; Berg S.; & Era P. Evaluating the interdependence of aging-related changes in visual and auditory acuity,
balance, and cognitive functioning. Psychol. Aging 18, 285-305 (2003).

Mattson MP and Magnus T. Ageing and neuronal vulnerability. NATURE REVIEWS, NEUROSCIENCE VOLUME 7,
278-294 (APRIL 2006).

www.theijes.com The JES Page 42



