
195Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2009 Sep; 153(3):195–198.
© R. Jha, S. I. Rizvi

AGE-DEPENDENT DECLINE IN ERYTHROCYTE ACETYLCHOLINESTERASE 
ACTIVITY: CORRELATION WITH OXIDATIVE STRESS

Rashmi Jha, Syed Ibrahim Rizvi*

Department of Biochemistry, University of Allahabad, Allahabad 211002, India
e-mail: sirizvi@gmail.com

Received: July 10, 2009; Accepted: September 7, 2009

Key words: Aging/Acetylcholinesterase/Oxidative stress/Erythrocyte/Membrane

Background: Oxidative stress hypothesis offers a mechanism for the aging process and its involvement in other 
pathologies such as diabetes and neurodegenerative diseases like Alzheimer. AChE activity in erythrocytes may be 
considered as a marker of central cholinergic status. The present study was undertaken to (i) determine the activity of 
erythrocyte AChE as a function of human process (ii) correlate AChE activity with oxidative stress during human aging.

Material and Methods: Blood was collected from healthy subjects (n = 37) 22–82 years. Erythrocyte AChE activity, 
MDA and plasma antioxidant capacity in terms of FRAP was measured spectrophotometrically. 

Results: There was a marked decrease in AChE activity with increasing age. The reduction in activity of AChE cor-
related well with increased lipid peroxidation and a decrease in FRAP values. 

Conclusion: Decreased antioxidant defense, and alteration in membrane rheology during aging process both may 
contribute towards decreased activity of AChE in erythrocyte membrane. This finding may help in explaining the 
neuronal complications taking place under conditions of oxidative stress, aging, and dementia.

INTRODUCTION

Aging 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. The oxidative stress hypothesis offers 
a possible mechanistic explanation of aging process and 
plays an important role in Alzheimer’s1 and other neu-
rodegenerative diseases2. In human aging and dementia, 
multiple neurotransmitter systems appear to be compro-
mised3, 4. An age-related decline in cholinergic function is 
thought to be partially responsible for short-term mem-
ory disorders during senescence. The major marker of 
cholinergic metabolism is the activity of the  hydrolytic 
enzyme acetylcholinesterase (AChE) that makes possible 
precise temporal control of synaptic activation by rapidly 
hydrolyzing  neurotransmitter acetylcholine (ACh) into 
acetate and choline5. 

It is known that the activity of AChE decreases with 
aging in various cerebral areas6 and synaptic plasma 
membranes7. Inhibition of AChE results in severe cholin-
ergic toxic signs caused by increased concentration of 
acetylcholine at cholinergic nerve-nerve and nerve-muscle 
synapses. Despite the fact that, the biological role of the 
acetylcholinesterase present in the erythrocyte membrane 
is unknown, this enzyme is reported to have many proper-
ties similar to those of the purified form obtained from 
brain tissues8. AChE activity in erythrocytes may be con-
sidered as a marker of central cholinergic status9.

Many in vitro studies have indicated that several pa-
rameters of blood are negatively affected by increased 
oxidative stress and aging. It is also known that AChE 

activity is inhibited by free radicals and increased oxida-
tive stress10. We have recently reported an age dependent 
increase in lipid peroxidation index MDA and a decline in 
the total antioxidant status of plasma11, 12. The aim of the 
present study was to investigate the effect of human aging 
on erythrocyte membrane-bound AChE and determine 
the correlation between markers of oxidative stress name-
ly: lipid peroxidation and antioxidant status of plasma.

MATERIALS AND METHODS

The study was carried out on 37 normal healthy sub-
jects of both sexes between 22 and 82 years of age. None 
of the subjects studied had been taking antioxidant sup-
plementation and none smoked or had acute or chronic 
diseases or were receiving prescription medication. All 
individuals were healthy, without arterial hypertension, 
diabetes mellitus, asthma, cancer or tuberculosis and were 
well nourished. The subjects gave their informed consent 
and agreed to participate in the study and donation of 
blood samples. The protocol of study was in conformity 
with the guidelines of the Institutional Ethical Committee.

Human venous blood from healthy volunteers was col-
lected in heparin tubes . Blood samples were centrifuged 
at 4 °C for 10 minutes at 100 g to remove plasma and 
buffy coat and isolated erythrocytes were washed four to 
five times with 0.154 mol/l NaCl. 

Determination of AChE activity Erythrocyte hemo-
lysate was prepared as described by Beutler13. Packed RBC 
were suspended in 0.154 M NaCl and to this suspension, 
β-mercaptoethanol-EDTA stabilizing solution was added 
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and the hemolysate was frozen overnight. The hemolysate 
was thawed preceding the experimental procedure. The 
membrane bound acetylcholinesterase activity in the hu-
man red blood cell was analyzed following the method of 
Ellman et al.14 as described in Beutler13. The reaction mix-
ture composed of 1mol/l Tris HCl, 5mmol/l EDTA with 
0.5mmol/l 5,5′–di-thiobis (2-nitro-benzoic acid) (DTNB) 
solution. The reaction was initiated by adding 0.01 mol/l 
acetylthiocholine iodide and followed by reading at 412 
nm. Hemoglobin was measured in red blood cell hemo-
lysate as described by Beutler13.

Determination of MDA Content Erythrocyte MDA 
was measured according to the method of Esterbauer and 
Cheeseman15. Packed erythrocytes (0.2 ml) were suspend-
ed in 3 ml Krebs– Ringer phosphate buffer (KRP), pH 
7.4. The lysate (1 ml) was added to 1 mL of 10 % trichlo-
roacetic acid (TCA) and the mixture was centrifuged at 
1000 g for 5 min. The supernatant (1 ml) was added to 
1ml of 0.67 % thiobarbituric acid (TBA) in 0.05 mol/l 
NaOH and boiled for 20 min at 90oC, cooled and the ab-
sorbance was read at 532 nm (OD1) and 600 nm (OD2). 
The net optical density (OD) was calculated after sub-
tracting absorbance OD2 from OD1. The concentration 
of MDA in erythrocytes was determined from a standard 
plot. The concentration of MDA was expressed as nmol/
ml of packed erythrocytes.

Determination of total antioxidant capacity The total 
antioxidant capacity was measured in terms of Ferric 
Reducing Ability of Plasma (FRAP) by the method of 
Benzie and Strain16. Working FRAP reagent was prepared 
by mixing acetate buffer (300 mM, pH 3.6), 2, 4, 6- tri 
[2-pyridyl]-s-triazine (10 mM in 40 mM HCl) solution 
and FeCl3.6H2O (20 mmol/l) solution in 10:1:1 ratio re-
spectively. 3 ml of FRAP reagent was mixed with 100 μl 
of plasma and the contents were mixed thoroughly. The 
absorbance was read at 593 nm at 30 second intervals for 
4 minutes. Aqueous solution of known Fe(II) concentra-
tion in the range of 100-1000 μmol/l was used for calibra-
tion. Regression equation the FRAP values (μmol Fe (II) 
per l) of the plasma was used for calculation. 

Statistical analyses were performed using the software 
PRISM 4 (Graph pad Software Inc., San Diego, CA). The 
relationship among the various parameters was assessed 
using Pearson correlation coefficient (r).

RESULTS AND DISCUSSION

Human erythrocytes undergo extensive structural, 
chemical, and metabolic changes during aging. Our re-
sults show a significant negative correlation (P <0.001; 
r = – 0.9218) between erythrocyte membrane acetylcho-
linesterase activity and human age (Fig. 1). The study 
clearly indicates that the erythrocyte AChE activity de-
creases with increase in age of human subjects. The re-
sults are consistent with previous reports examining the 
relationship between aging and AChE activity in different 
brain regions17, 18. Decline in cholinergic indices (choline 
acetyltransferase, AChE, and muscarinic acetylcholine 

Fig. 1. Erythrocyte membrane bound acetylcholineste-
rase activity plotted as a function of human age. 
*Activity expressed as μmol acetylcholine iodide 
hydrolysed/min per gm haemoglobin at 37 °C. 
P < 0.001; r = – 0.9218. Each point represents the 
mean of 3 experimental values.
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Fig. 2. Correlation plot between AChE activity and li-
pid peroxidation index (MDA). AChE activity 
expressed as μmol acetylcholine iodide hydro-
lysed/min per gm haemoglobin at 37 °C. MDA 
is expressed as nmol/ml of packed erythrocytes. 
P < 0.05;   r = – 0.3791.

receptors) has already been reported during normal aging 
process19.

Aging is the most important risk factor for Alzheimer’s 
disease. Changes in cholinergic function have been char-
acterized and a strong correlation has been observed with 
cognitive decline associated with aging. A low activity of 
AChE or cholinesterase present in cerebrospinal fluid of 
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tive charge on the surface of the erythrocytes, and con-
sequently their membrane potential. Furthermore, it has 
been suggested that the insertion of membrane proteins 
into the membrane lipid core may be dependent on trans-
membrane potential26.

The correlation between antioxidant capacity and 
oxidative damage during aging has been reported in 
several tissues in different species27-29. Fig. 3 shows the 
correlation between erythrocyte AChE and total plasma 
antioxidant capacity, measured in terms of FRAP values. 
We have already reported significant age-dependent de-
cline in plasma antioxidant capacity measured in terms 
of FRAP12. The decrease in AChE correlates significantly 
with decrease in the antioxidant capacity of the plasma 
during human aging. 

A study carried out on red cells subfractionated on 
percoll density gradient on the basis of cellular age into 
old and young cell fractions, reported that old human red 
blood cells had significantly lower AChE activity com-
pared to young human red blood cells of both the sexes. 
Based on this observation, it was suggested that AChE 
activity could be an excellent enzymatic marker for RBC 
aging in humans5 although the plasma activity of AChE 
has been shown to be unaffected by age in humans30. Our 
results show significant age-dependent decrease in the 
activity of membrane bound AChE in a mixed a popula-
tion of red blood cells and is the first report of an age-
dependent decline in AChE in humans. 

CONCLUSION

The decline in AChE activity with increasing human 
age seems to be closely correlated with increasing extracel-
lular oxidative stress; since we also show the correlation 
of age related alteration in AChE with age dependent de-
cline with total antioxidant capacity of plasma and with 
increased lipid peroxidation during human aging. Both 
decreased antioxidant defence along with alteration in 
membrane rheology during aging may contribute towards 
decreased activity of AChE activity in erythrocyte mem-
brane. In the light of a number of reports emphasizing 
the contribution of cholinergic decline towards memory 
deficits observed in aging and Alzheimer’s disease, our 
findings may help to explain the neuronal complications 
taking place under conditions of oxidative stress and ag-
ing, as well as in the development of dementia.

REFERENCES

 1. Montine TJ, Neely MD, Quinn JF, Beal MF, Markesbery WR, 
Roberts LJ, et al. Lipid peroxidation in aging brain and Alzheimer's 
disease. Free Radic Biochem Med 2002; 33: 620–6.

 2. Hald A, Lotharius J. Oxidative stress and inf lammation in 
Parkinson’s disease: is there a causal link? Exp Neurol 2005; 193: 
279–90.

 3.  Perry E, Court J, Goodchild R, Griffiths M, Jaros E, Johnson M, 
et al. Clinical neurochemistry: developments in dementia research 
based on brain bank material. J Neural Transm 1998; 105: 915–33.

 4. Gsell W, Jungkunz G, Riederer P. Functional neurochemistry of 
Alzheimer’s disease. Curr Pharm Des 2004; 10: 265– 93.

0 500 1000 1500 2000
0

10

20

30

40

FRAP Values

A
C

hE
 a

ct
iv

ity
*

Fig. 3. Correlation plot between AChE activity and to-
tal antioxidant capacity of plasma (measured as 
FRAP). AChE activity expressed as μmol acetyl-
choline iodide hydrolysed/min per gm haemo-
globin at 37 °C. FRAP values expressed as μmol 
Fe (II) per l of plasma. P < 0.001; r = –0.8837.
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The erythrocyte membrane is direct target of lipid 
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during human aging.
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