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ABSTRACT
Background: Myocardial infarction (MI) is one of the most common cardiovascular diseases. It
accounts for about half of death cases in Iran. The objective of this studywas to compare the activity
of butyrylcholinesterase (BChE) and acetylcholinesterase (AChE) enzymes in serum and saliva of the
MI patients compared to the healthy controls. Methods: Serum and salivary BChE and AChE levels
weremeasured immediately followingMI, and then 24 and72hours later. FourmLof blood and two
mL saliva were collected for this purpose. These measurements were also collected in 30 healthy
controls. The enzymes were assayed using spectrophotometry. Results: The activity of salivary
AChE in the MI patients was lower than that of the healthy controls right after, 24 hours, and 72
hours following MI. However, serum AChE did not show a significant difference between the two
groups. The activity of serum BChE in the MI patients was lower than that of the healthy controls
right after, 24 hours, and 72 hours following MI. However, salivary BChE did not show a significant
difference between the two groups. Conclusion: The activity of salivary AChE decreased in the MI
patients compared to the healthy controls, which can be a marker to diagnose MI in the future.
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INTRODUCTION
Myocardial infarction (MI) is the permanent and irre-
versible death of myocytes that is caused by ischemia
induced by the blockage in the blood supply into the
affected region 1. In an MI attack, about one billion
myocytes are destroyed which causes serious com-
plications for cardiac function 1. Cardiovascular dis-
eases are responsible for one-third of all mortalities in
the US in 2008 2,3. Just in the US in 2004, more than
150,000 people died due to MI 4. In addition, MI is
also a huge cost burden on healthcare systems 5. In
Iran, 50% of all deaths are due to coronary artery dis-
ease (CAD), and evidence shows that the prevalence
of CAD is increasing 6. The World Health Organiza-
tion (WHO) estimates that the prevalence of this dis-
ease is twice higher in males than in females 7. CAD
risk factors are lifestyle-related factors such as smok-
ing, obesity, occupational stress 8–10, air pollution 11,
poor socioeconomic status 12, diabetes 13, male gen-
der, family history and, age 14,15.
Considering the high prevalence of cardiovascular
diseases, a detailed and comprehensive understand-
ing of these diseases is highly necessary. Acetyl-
cholinesterase (AChE) enzyme activity in the serum
and saliva is one of the factors that have been studied
to diagnose MI. Live cells have enzymes and proteins
such as creatine kinase, troponin, and myoglobin.

When a myocyte dies, the cell membrane loses its in-
tegrity, and therefore enzymes and proteins are re-
leased into the circulation gradually. These enzymes
and proteins can be detected by laboratory meth-
ods 16,17. Acetylcholine is a neurotransmitter which,
via the parasympathetic system, exerts inhibitory ef-
fects on the cardiac muscle and results in decreased
excitability and increased resting membrane poten-
tial. In fact, functions of the cardiovascular system are
significantly affected by the autonomic nervous sys-
tem. Any abnormality in the function of this system
due to pathologic conditions such as MI can result
in increased cardiac arrhythmia 18. Previous studies
demonstrated that low plasma butyrylcholinesterase
(BChE) activity might be related to decreased cardiac
function 19. Low serum BChE activity is a prognos-
tic marker of mortality associated with poor cardiac
functions in acute myocardial infarction 20. In an-
other study, Sulzgruber et al. 21 reported that BChE is
a strong predictor for cardiac mortality specifically in
younger patients with acute coronary syndrome aged
between 45 and 64 years and BChE predicts cardiac
mortality in young patients with the acute coronary
syndrome. Best of our knowledge, the current study is
the first to compare the serum and salivary AChE and
BChE activity between MI patients and the healthy
subjects. Herein, we decided to compare serum and
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salivary AChE and BChE activity betweenmyocardial
infarction and the healthy controls.

METHODS
This study was conducted in the University Hospital
and was approved by the Ethics Committee of Ker-
manshah University of Medical Sciences, Kerman-
shah, Iran. Two groups were included (the MI group
consisting of patients whose diagnosis was confirmed
by board-certified cardiologists at the referral cardi-
ology hospital and the control group consisting of
healthy people without MI history). The control
group was matched regarding age and gender to the
MI group. In addition, the MI patients had no his-
tory of hemorrhagic stroke, neurologic disease, con-
gestive heart failure, renal failure, hypothyroidism, se-
vere asthma, and sepsis as case group.

Samples Collection
The peripheral blood samples were obtained from
the brachial vein (4 mL) and were collected in Fal-
con tubes containing 0.025M EDTA. Then, the sam-
ples were centrifuged at 14000 rpm for five minutes,
and the isolated serum was immediately frozen at -45
oC. Unstimulated saliva samples were collected in the
morning (8 am to 10 am). 2 ml of saliva was collected
in five minutes, while the subjects had not drunk any
water, nor eaten any food and had not smoked about
two hours before sampling. Before sampling, the sub-
jects thoroughly washed their mouth, and after sev-
eral minutes saliva was collected into Falcon tubes.
Then, the samples were centrifuged at 20.000 rpm
for 2-3 minutes, and the isolated transparent super-
natants were immediately frozen at -45 ºC.

Serum and salivary BChEmeasurement
Firstly, serum and saliva samples were diluted (1:100)
with 133 mM phosphate buffer. For the test tube, 1
mL of distilled water and 2 mL of diluted saliva or
serum sample was mixed with 1 mL of 200 mM ben-
zoylcholine chloride. In the blank tube, equal vol-
umes of distilled water and serum or diluted saliva
were added. The light absorbance at the wavelength
of 240 nm at 25◦Cwas measured after subtracting the
absorbance of the blank tubes. Each sample was read
five times in a five-minute period (every minute, one
absorption). When benzoyl choline (200 nM) is hy-
drolyzed in a total volume of 4mL and the absorption
changes are∆A= 0.33, the serum and salivary BChE
activity was calculated using the following formula:

△A/min

0.33
x
200

1000
x
1000

20
= △A/min x 30.3

The normal value of this enzyme is 0.6-1/Uk4/1 (at
25◦C) and 1.08-1/Uk 4/2 (at 37oC). The additional
details (chemicals, kits, instruments, etc.) were re-
ported in the studies of Shahmohamadnejad et al. 22

and Haghnazari et al. 23.

Serum and salivary AChEmeasurement
Firstly, 100 landa of whole blood was irrigated with
saline buffer for three times in a glass tube. After
irrigation, the sample was centrifuged, and the su-
pernatant was removed, and saline buffer was added.
When irrigation finished, the supernatant was re-
moved totally, and 10 mL of 50 mM phosphate buffer
was added. Then, in two cuvets (one for the test tube
and one for the blank tube), 2mLofDTNBwas added.
Then, 1 mL of cellular suspension was added to each
cuvet and stored at 30C. After 3 minutes, 100 landa
of the substrate was added to the cuvet containing the
sample. At wavelength 412 nm, light absorbance of
the sample and blank tube were measured. Test tubes
were read in a 5-min interval (one reading for every
minute). Using the following formula, salivary and
serum AChE activity was calculated:

salivary or serum AChE =
△A412/min

PCV
x114

The normal value of the enzyme is 8-1/Uk 13.

Statistical analyses
Descriptive indices including frequency, percentage,
mean and its standard deviation (SD) were used to
express data. To determine the normal distribution
of the data, the Kolmogorov-Smirnov (KS) test was
used. To compare the enzyme values between dif-
ferent time points (i.e., immediately following MI,
and hours 24 and 72 post-MI), repeated measures
analysis of variance (ANOVA) was used. Whenever
Mauchly’s test of sphericity was statistically signifi-
cant, the Greenhouse-Geisser test was applied. For
paired comparisons, the Bonferroni’s test was applied.
For comparison of the variables between the MI and
control groups, the independent sample T-test was
used. To determine the correlation between serum
and salivary enzyme measurements, the Pearson cor-
relation test was used. The analyseswere done by SPSS
software (ver. 18.0). The significance level was set at
less than 0.05.

RESULTS
There were 30 patients in the MI group and 30 sub-
jects in the control group. In each group, there were
25 males (83.3%) and 5 females (16.7%). The mean
(±SD) of ages in the MI and control groups were
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52.37 (±6.42) and 50.73 (±7.36) years respectively;
P= 0.364. The KS test showed that the variables had
a normal distribution (P> 0.05).
The mean serum AChE levels immediately following
MI, 24 hours and 72 hours post-MI were 12.65, 12.61,
and 12.41, respectively (Table 1). There was no signif-
icant difference in AChEmeasurements at these three
time points (P= 0.998) and also in each of three time
points compared to the controls (P=0.713, P=0.650,
and P=0.940, respectively). The serum levels have
been shown based on sex which shows no significant
difference in both male and female at the three time
points, but there was a significant difference at each
time compared to the controls.
As seen in Table 2, there is a significant difference in
the salivary AChE level between the control and MI
groups at the three time points (P<0.001 immediately,
P<0.001 in 24 hours, and P<0.001 in 72 hours after
MI). The mean salivary AChE levels immediately fol-
lowingMI, 24 hours and 72 hours postMI were 0.406,
0.434, and 0.429, respectively. The salivary levels have
been shown based on sex which shows no significant
difference in both male and female at the three time
points, but there was a significant difference at each
time point compared to the controls.
There were significant differences in the serum BChE
level between the control and MI groups immedi-
ately following MI, 24 hours and 72 hours post-MI
(P=0.003, P=0.008, and P=0.002, respectively). Re-
peated measures ANOVA did not show significant
changes regarding serum BChE at the three time
points (P= 0.794); (Table 3). The serum levels have
been shown based on sex which shows no significant
difference in both male and female at the three time
points, but there was a significant difference at each
time point compared to the controls.
As seen inTable 4,There was no significant difference
in the salivary BChE level measured at the three time
points (P= 0.049) compared to the controls. In addi-
tion, the salivary levels have been shown based on sex
which shows a significant difference in both male and
female at the three time points, but there was no sig-
nificant difference at each time point compared to the
controls.
There was no significant correlation between the
serum and salivary level of AChE immediately fol-
lowing MI (r= 0.08, P= 0.676), 24 hours after MI (r=
0.017, P= 0.929), and 72 hours after MI (r= 0.141, P=
0.457). No significant correlation existed between the
salivary and serum level of AChE in the control group
(r= 0.301, P= 0.106). Also, no significant correlation
was found between the salivary and serum level of
BChE immediately after MI (r= 0.233, P= 0.242), 24

hours after MI (r= 0.06, P= 0.771), and 72 hours after
MI (r= 0.105, P= 0.642). No significant correlation
existed between the salivary and serum level of BChE
in the control group (r= 0.356, P= 0.054).

DISCUSSION
Acetylcholine is the main neurotransmitter of the
parasympathetic system, and its level is regulated by
AChE and BChE through hydrolysis 24–26. This study
investigated the activity of AChE and BChE enzymes
in the saliva and serum in patients with MI in com-
parison to healthy subjects to identify markers to di-
agnose of MI. MI is one of the common cardiac con-
ditions 27, and its main cause is atherosclerosis. One
study 28 reported that serum AChE and BChE levels
decreased followingMI.The activity of these enzymes
can be important in the development of MI and also
be protective. Clinical findings and electrocardiogra-
phy do not achieve the required sensitivity and speci-
ficity 28. The measurement of these enzymes can be
useful in managing patients suspected to suffer MI.
A limited number of studies has been performed re-
garding the activity of AChE and BChE in the MI pa-
tients 27,29. One of the quick, cost-effective, and non-
invasive methods for MI diagnosis could be the mea-
surement of AChE and BChE activity in the serum
and saliva. The previous studies have not been deter-
mined the changes in the activity of these enzymes in
the saliva and serum of MI patients.
This study showed a significant decrease of AChE lev-
els in the saliva of the MI patients compared to the
control group immediately following MI, 24 hours
and 72 hours post MI. We did not find any similar
study in the literature assessing the salivary AChE
and BChE levels in the MI patients. In a study by
Mirzaii-Dizgah et al. 30 including 30 salivary samples
of patients with acute MI and 28 healthy subjects,
salivary troponin level, as a marker for the diagno-
sis of MI, was higher in the MI patients than in the
control group at 12 and 24 hours after MI. The ob-
served findings in this study and increased salivary
troponin levels in the mentioned study 30 showed in-
creased cardiac-related enzymes following MI. Our
results showed decreased serum BChE levels in the
MI group immediately following MI, 24 hours and 72
hours post MI. In a previous study, it was reported
that MI patients with reduced BChE levels experi-
enced a higher mortality rate 29. As AChE and BChE
enzymes are synthesized in cardiac muscle, their lev-
els decrease after MI. This study is the first to inves-
tigate AChE and BChE serum and saliva levels in MI
patients compared to the controls. During necrosis of
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Table 1: Comparison of serum acetylcholinesterase in themyocardial infarction and healthy groups

Healthy group Myocardial
infarction
group (first

hour)

Myocardial
infarction

group (after 24
hours)

Myocardial
infarction
group (after
72 hours)

P
valuec

P
valued

P
valuee

P
valuef

Mean± SD Mean± SD Mean± SD Mean± SD

Female 13.34±0.397 13.52±2.05 12.74±1.69 11.59±1.84

Male 12.52±1.66 12.48±2.94 12.59±2.45 12.57±2.61

Total 12.65±1.55 12.65±2.81 12.61±2.32 12.41±2.49
cComparison between the control and myocardial infarction group (first hour)
dComparison between the control and myocardial infarction group (after 24 hours)
eComparison between the control and myocardial infarction group (after 72 hours)
fComparison within the myocardial infarction group (first hour, after 24 hours, and after 72 hours)

Table 2: Comparison of salivary acetylcholinesterase between control andmyocardial infarction groups

Healthy
control

Myocardial
infarction
group (first

hour)

Myocardial
infarction
group (after
24 hours)

Mmyocardial
infarction
group (after
72 hours)

P
valuec

P
valued

P
valuee

P
valuef

Mean± SD Mean± SD Mean± SD Mean± SD

Female 0.688±0.127 0.478±0.155 0.410±0.163 0.452±0.133

Male 0.596±0.241 0.392±0.185 0.439±0.178 0.425±0.191

Total 0.611±0.227 0.406±0.151 0.434±0.174 0.429±0.181
cComparison between the control and myocardial infarction group (first hour)
dComparison between the control and myocardial infarction group (after 24 hours)
eComparison between the control and myocardial infarction group (after 72 hours)
fComparison within the myocardial infarction group (first hour, after 24 hours, and after 72 hours)

Table 3: Comparison of serum butyrylcholinesterase between the control andmyocardial infarction groups

Healthy
control

Myocardial
infarction
group (first

hour)

Myocardial
infarction
group (after
24 hours)

Myocardial
infarction
group (after
72 hours)

P
valuec

P
valued

P
valuee

P
valuef

Mean± SD Mean± SD Mean± SD Mean± SD

Female 2.46±0.329 1.84±0.654 2.44±0.434

Male 2.37±0.577 1.83±0.847 1.81±0.775

Total 2.39±0.540 1.83±0.808 1.92±0.761
cComparison between the control and myocardial infarction group (first hour)
dComparison between the control and myocardial infarction group (after 24 hours)
eComparison between the control and myocardial infarction group (after 72 hours)
fComparison within the myocardial infarction group (first hour, after 24 hours, and after 72 hours)
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0.713 0.650 0.940 0.998

<
0.001

<
0.001

<
0.001

0.480

1.98±0.722

1.85±0.666 0.003

1.87±0.664

0.008 0.002 0.794



Table 4: Comparison of salivary butyrylcholinesterase between the control andmyocardial infarction groups

Healthy
control

Myocardial
infarction
group (first

hour)

Myocardial
infarction
group (after
24 hours)

Myocardial
infarction group
(after 72 hours)

P-
valuec

P-
valued

P-
valuee

P-
valuef

Mean± SD Mean± SD Mean± SD Mean± SD

0.003±0.002 0.002±0.002

0.003±0.002 0.002±0.001

Female 0.003±0.002 0.004±0.002 

Male 0.003±0.002 0.003±0.002 

Total 0.003±0.002   0.003 ±0.002 0.003±0.002 0.002±0.001
cComparison between the control and myocardial infarction group (first hour)
dComparison between the control and myocardial infarction group (after 24 hours)
eComparison between the control and myocardial infarction group (after 72 hours)
fComparison within the myocardial infarction group (first hour, after 24 hours, and after 72 hours)

myocardium, the AchE released by injury of cholin-
ergic nerve and AchE can be a parameter for MI diag-
nosis.

CONCLUSIONS
Our findings showed a significant reduction in sali-
vary AChE and serum BChE in theMI group in com-
parison to the control group. As the main objective
of this study was to measure these two enzymes fol-
lowing MI, the results suggest that salivary AChE can
be used as a marker the to diagnose MI in the future.
As this study was done for the first time, we suggested
that further studies with a larger number of salivary
samples and for longer follow-up times be performed
in the future. With such studies, the definitive role of
AChE and BChE in diagnosing andmanagingMI pa-
tients will be validated.
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