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ABSTRACT

Limited data exist in the literature regarding the effects
of homocysteine thiolactone on the activity of the acetylcho-
linesterase (AChE) in the blood, and practically no data ex-
ist regarding the influence of homocysteine thiolactone on the
enzyme in the brain and heart. Taking into consideration the
importance of hyperhomocysteinemia in clinical practice, it
has been thought to be of particular interest to examine the
effect of homocysteine thiolactone on the activity of AChE in
the rat’s blood, brain and heart. In this study, male Wistar rats
(weighing 250-300g) were used, and they were divided into two
groups; one served as a control group and receieved a placebo
(1 ml 0.9 % NaCl, i.p.), while the other group received a ho-
mocysteine thiolactone solution (5.5 mmol/kg b.m., i.p.). An
hour after the administration, the rats were euthanized by de-
capitation, heir tissues were harvested, buffered, and homog-
enized in a phosphate buffer (pH 8). The concentration in the
tissue homogenates was 20 mg of tissue per 1 ml of buffer. The
buffered and homogenized parts of the tissues were used as
substrates for spectrophotometric measurements. The AChE
activity was then measured by the Ellman method. Statisti-
cal analysis was conducted using a one-way ANOVA test, and
the intergroup comparisons were performed using a Bonffer-
oni test. The results showed a significant reduction in AChE
activity in all tissues obtained from the animals treated with
homocysteine thiolactone compared to the enzyme activity of
the control group. In addition, the results also showed that the
blood enzyme activity inhibition was the lowest (12%), while
the enzyme activity was slightly higher in the brain (27.8%)
and heart specimens (86.3%). It was concluded that homo-
cysteine thiolactone significantly inhibited ACKE activity in
the heart and brain tissue, but not in the blood of the rat.
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SAZETAK

U literaturi je nadeno malo podataka o uticaju homo-
cisteina na aktivnost acetilholinesteraze u krvi, a direk-
tnih nalaza o uticaju homocistein tiolaktona u mozgu i
srcu nema. S obzirom na medicinski znacéaj pojave hip-
erhomocisteinemije, smatrali smo da je od interesa da
se ispita uticaj D,L-homocistein tiolaktona na aktivnost
acetilholinesteraze u krvi, mozgu i srcu pacova. U eks-
perimentu su koriséeni pacovi muZjaci soja Wistar (tele-
sne mase 250-300g) podeljeni u dve grupe: jedna grupa je
bila kontrolna i dobijala placebo (1ml 0,9 % NaCl, i.p.),
dok je druga grupa dobijala rastvoreni homocistein tio-
lakton (5,5mmol/kg t.m, i.p.). Sat vremena po aplikaciji
pacovi su dekapitovani, dobijena tkiva su zatim pufero-
vana i homogenizovana u fosfatnom puferu (pH 8). Kon-
centracija tkiva u homogenatu iznosila je 20mg tkiva po
ml pufera. Puferovani i homogenizovani delovi tkiva su
koriséeni kao supstrat za spektrofotometrijska merenja.
Zatim se pristupilo merenju aktivnosti acetilholinester-
aze, koja je merena metodom po Ellmanu. Statisticka
obrada podataka uradena je jednofaktorskom analizom
varijanse, a medugrupna poredenja Bonferonijevim tes-
tom. Rezultati pokazuju da postoji znacajno smanjenje
aktivnosti enzima acetilholinesteraze u svim tkivima
uzetih od pacova tretiranih homocistein tiolaktonom, za
razliku od aktivnosti enzima kontrolne grupe koja je dobi-
jala placebo, i to: u krvi je utvrdena najmanja inhibicija
specifi¢ne aktivnosti (12%), u mozgu nesto veéa (27,8%),
dok je u srcu najveéa (86,3%). Na osnovu dobijenih rezul-
tata zakljuceno je da homocistein tiolakton u znacajnom
procentu inhibira aktivnost acetilholinesteraze u mozgu i
srcu, ali ne i u krvi pacova.

Klju¢ne reci: acetilholinesteraza, homocistein tiolak-
ton, specificna enzimska aktivnost
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Acetylcholinesterase (AChE, EC 3.1.1.7) is an enzyme
that rapidly hydrolyzes the neurotransmitter acetylcholine in
cholinergic synapses, including the neuromuscular junction.
Recent surveys have highlighted the enormous importance
of AChE in processes such as the growth of cholinergic and
non-cholinergic neurons, as well as in processes related to
extraneural tissues, including the inhibition of hematopoietic
stem cell differentiation, connection of amyloid fibres, the in-
fluence on apoptosis, and neoplasma growth (1,2). AChE is
transcribed from only one gene, but due to a variety of post-
translational processes, it exists in a variety of isoforms and
is also present in numerous tissues. By combining a number
of different isoforms, it is possible to acquire more complex
structures, mainly in the form of dimers and tetramers. These
forms are connected to the plasma membrane with an “an-
chor” of a glycophosphatidylinositol structure, while the form
on a neuromuscular connection is represented by appropriate
anchor proteins (sequence WAT, consisting of aromatic amino
acids on the enzyme) to a collagen-like domain (PRAD, CoQ
protein) (3,4). Homocysteine thiolactone is the cyclic metabo-
lite of homocysteine, generated in an organism under oxida-
tive stress conditions and the lack of vitamin B12 and/or folic
acid. The most common route of its creation comes from the
metabolism of folic acid accompanied by vitamin B12 where
homocysteine is created from methionine. Another route
for generating homocysteine is by methylation with betaine
homocysteine-methyltransferase. Homocysteine thiolactone
is a very reactive metabolite that has been viewed to be enor-
mously important in the pathogenesis of cardiovascular dis-
eases, diabetes, and osteoporosis, as well as in various diseases
of the central nervous system including Alzheimer, neural
tubus defects and schizophrenia (5). The mechanisms of the
effect of homocysteine thiolactone on the above mentioned
disorders are not known, but it is possible that homocysteine
acts, as a reducing agent, reacts with the sulthydryl groups of
certain molecules, thereby changing their structure, adhesion
and signalling within cells. Another mechanism could be an
increase in the quantities of S-adenosyl methionine resulting
in a reduction of gene methylation, and consequently a reduc-
tion in gene expression (6).

Little is known about the influence of homocysteine thi-
olactone on AChE activity in the blood, while descriptions of
the effect of homocysteine thiolactone on the brain and heart
are practically non-existent. With respect to the clinical impor-
tance of hyperhomocysteineamia, it is crucial to investigate the
influence of D,L-homocysteine thiolactone on the activities of
the AChE enzyme in the blood, brain and heart of a rat.

INTRODUCTION

MATERIALS AND METHODS

Animals

Male Wistar albino rats weighing 250-300g were used in
the experiment and were studied at 10 weeks of age. The ani-
mals were kept in a standard laboratory environment at a tem-
perature of 220C. Water and food were provided ad libitum.

Tissue preparation

The animals were divided into two experimental groups,
six rats per group. The first group was the control group, and
the second was treated with homocysteine thiolactone (Sigma
Chemical Co. USA). The animals were cared for in accordance
with the codes for laboratory animals established by the School
of Medicine, University of Belgrade, and in compliance with
the Committee of Ethics related to the work with experimental
animals. Homocysteine thiolactone was dissolved in buffered
0.9% NaCl at pH 7.4. A solution (5.5 mmol/kg of body weight)
of homocysteine thiolactone (1 ml) was administered intrap-
eritoneally. The control group was given a placebo intraperito-
neally (1 ml 0.9% NaCl).

Sixty minutes later, the rats were euthanized by decapi-
tation. Whole brains and hearts isolated from the rats were
rinsed in a phosphate buffer pH 8.0, and the blood was stored
in test tubes coated in heparin. The brains and the hearts were
homogenized in cold phosphate buffer (pH 8.0). The final tis-
sue concentration was 20 mg tissue per ml buffer.

Biochemical determination

ACHhE activity was determined by Ellman’s method (7). The
incubation mixture contained: 20pul brain homogenate in 600yl
of the phosphate buffer pH 8.0; 40ul heart homogenate in 5801
of the phosphate buffer pH 8.0; 50ul heparinized blood (dilut-
ed in sodium chloride 1:100) in 570yl of the phosphate buffer
pH 8.0. The mixture was incubated at 37 oC for 10 minutes.
A volume of 20yl 5,5-dithionitrobenzoic acid (DTNB) (Sigma
Chemical Co, USA) and 10l of acetylcholine iodide (Sigma
Chemical Co, USA), used as substrates, was added, and the re-
action was started. The reaction was monitored spectrophoto-
metrically (Gilford Instrument, Model 250) by an increase in
the absorbance (AA) at 412nm. An assay, without the tissue
homogenate, was used as a blank probe. The measurements
were assessed with double probes, and the specific AChE ac-
tivity was calculated as AA (min x mg tissue) for the brain and
heart, and AA (min x pLblood ) for blood.

Statistical analyses

Values are presented as means + SD. Statistical analyses
were performed using a monofactorial analysis of variance, as
well as Bonferroni test. P values less then 0.05 were considered
to be significant.

Chemicals used

All chemicals were of p.a. grade quality. D,L-homocysteine
thiolactone, acetylcholine-iodide (ASChI) and 5,5-dithio-
bis(2 nitrobenzoic acid) (DTNB) were purchased from Sigma
Chemical Co. (USA).

RESULTS

The AchE activity determined in homogenized whole
brain, heart and blood from non-treated rats (control
group) are presented in Table 1. The AchE activities are
significantly different between the different types of rat tis-
sues. Higher enzyme activities were recorded in the brain
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Acetylcholinesterase activity ( means + SD )

n=6 p-value* | p-value® p-value® p-value®

Tissue | Control Treated

Heart |[0.110£0.028 | <0.001 [ < 0.05 vs. brain and blood | 0.015£0.016** [ <0.001 vs. control | <0.001 vs. control
Brain | 0.194+0.020 | <0.001 [ < 0.05 vs. brain and blood | 0.140£0.044* <0.01 vs. control | NS

Blood | 0.067+0.030 | <0.001 [ < 0.05 brain and heart 0.059+0.041 NS NS

a- statistical test applied : ANOVA
b- statistical test applied : Bonferroni test

(0.194+0.020) and in the heart (0.110+0.028). The lowest
activity was recorded in the blood (0.067+0.030). All en-
zyme activities from homogenized tissues of rats treated
with homocysteine thiolactone were decreased compared
to the control group. Moreover, these activities were sig-
nificantly lower compared to control values for the heart
(by 86.3%) and the brain (by 27.8%) (Table 1, Fig 1). How-
ever, there was no evidence of a significant difference in the
AchE activity for blood in the treated group (0.059+0.041)
compared to control values (0.067+0.030) (Table 1, Fig 1).

DISCUSSION

Homocysteine thiolactone inhibits the activity of AChE,
and specific AChE activities are different in different types
of tissues (brain, heart and blood) in the rat (8). A similar
ration of the specific AChE activities in the experimental
animals has been observed (9). In this paper, we described
the influence of homocysteine thiolactone on AChE ac-
tivities in the brain, heart and blood of the rat. Our results
clearly show that an acute treatment with homocysteine
thiolactone causes a decrease in the AChE activity, while
the sensitivity of AChE in the brain, heart and blood in the
presence of the tested substance mutually differ.
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The highest sensitivity of AChE, i.e., the highest
inhibitory effect of homocysteine thiolactone on the
enzyme activity, was obtained in the heart, where the
activity of this enzyme was decreased by 86.3% com-
pared to the control value. This treatment resulted in
the inhibition of AChE in the brain by 27.8% compared
to the control group, while the lowest sensitivity was
obtained for AChE in the blood. The observed de-
crease in the specific activity of AChE in the blood
was 12% compared to the control group, and cannot
be considered a statistically significant change com-
pared to the control group. Homocysteine thiolactone
in vitro inhibits the activity of butyrylcholinesterase
(containing a similar structure to AChE) in the blood
of the rat; this inhibition is proportional to the con-
centration of the inhibitor (10). Furthermore, accord-
ing to the kinetic analysis of inhibition, homocysteine
thiolactone and the substrate bind to the same site in
the enzyme (10).

Another group of researchers believe that homo-
cysteine thiolactone produces tight thioester connec-
tions (8). A significant decrease of AChE activity cor-
roborates our results. In addition to the stated (un)
competitive inhibition of AChE with homocysteine
thiolactone, the obtained inhibition of the tested en-
zyme could be explained by the fact that the presence
of the increased concentration of homocysteine thi-
olactone produces an increase in the production of
oxidative free radicals, i.e., the obtained decrease of
the enzyme activity tends to be a consequence of the
oxidative stress in the functional groups on the enzyme
(8, 11). Providing that hyperhomocysteinemia (as well
as the increased concentration of homocysteine in tis-
sues) is present in a variety of pathological disorders
(5,11). In addition to the fact that the mechanistic role
of this metabolite in the initiation and development of
disease processes is not known, the results obtained
here suggest that the inhibition of AChE with homo-
cysteine could be one of the most possible mechanisms
responsible for the pathogenesis of the diseases stated
herein.
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