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Abstract

Introduction: Butyrylcholinesterase (BChE) is involved in the metabolism of
endogenous lipids and xenobiotics, such as esters of carboxylic or phos-
phoric acids. Butyrylcholinesterase activity is associated with both inflam-
mation and oxidative stress. Changes in the activity of this enzyme have
been observed in various diseases such as liver cirrhosis, diabetes, neurode-
generative disease and others.

Material and methods: The study involved 30 patients with chronic obstruc-
tive pulmonary disease (COPD) and 18 healthy subjects. The COPD patients
were divided according to the severity of the disease by applying the classifi-
cation of COPD based on GOLD standards for forced expiratory volume in 1s
(FEV,) and the FEV,/forced expiratory volume (FVC) ratio. The control group
comprised blood samples collected from healthy subjects without concomi-
tant diseases related to the respiratory system. Butyrylcholinesterase activ-
ity, lipid peroxidation and total antioxidant capacity (TAC) were determined
in the blood plasma.

Results: A significant (p < 0.05) decrease in the activity of BChE, associated
with an increase in lipid peroxidation and a decrease in the total antioxidant
capacity, was observed in blood plasma of patients with chronic obstructive
pulmonary disease.

Conclusions: The study shows for the first time that activity of BChE in the
blood plasma of patients diagnosed with chronic obstructive pulmonary dis-
ease is considerably reduced compared with healthy subjects. These chang-
es were accompanied by a decrease of TAC and an increase of lipid perox-
idation, which suggests that they may be related to the oxidative stress
induced by COPD disease.
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Introduction

Acetylcholinesterase (AChE) and butyrylcholin-
esterase (BChE) are cholinesterases, enzymes that
catalyze the hydrolysis of the neurotransmitter ace-
tylcholine into choline and acetic acid, an essential
reaction enabling the return of the activated cho-
linergic neuron to the resting state. The two types
of cholinesterases: AChE and BChE, have different
preferences for the substrates acetylcholine and
butyrylcholine, respectively. Acetylcholinesterase,
also called red blood cell cholinesterase, is more
abundant in the erythrocyte membranes, central
nervous system and skeletal muscle, whereas BChE,
also called plasma cholinesterase, is secreted into
plasma and synthesized in the liver [1].

Human blood plasma contains almost ex-
clusively BChE, whereas animal blood plasma
contains variable proportions of both BChE and
AChE. The exact physiological function of BChE
remains elusive, although it could act as an alter-
native to the homologous AChE as a scavenger
for anticholinesterase compounds [2]. Despite
being located in different places, the enzymes
are able to cooperate. Butyrylcholinesterase can
hydrolyze both butyrylcholine and acetylcholine
esters and consequently regulate the acetylcho-
line level [3, 4].

Due to its esterase activity, BChE plays an
important role in hydrolysis of numerous lipids,
drugs and xenobiotics before they reach AChE.
Butyrylcholinesterase hydrolyzes (detoxifies) hy-
drophilic and hydrophobic compounds containing
esters of carboxyl or phosphoric acids; for that
reason BChE is classified as a detoxifying ester,
important from the pharmacological point of view
[5]. Butyrylcholinesterase is also involved in the
hydrolysis of hormones as exemplified by the
degradation of ghrelin, a hormone responsible
for the feeling of hunger. Ghrelin is inactivated by
hydrolysis of the ester bond by BChE in the hu-
man blood plasma. In this case the enzyme acts
as a hydrolase and converts ghrelin to inactive
desacyl ghrelin [6]. This reaction results in a re-
duction of the feeling of hunger and a decrease of
aggression, as has been demonstrated in studies
on rats [7].

Chronic obstructive pulmonary disease (COPD)
is a disease characterized mostly by the restricted
flow of air through the airways, and an improper
lung inflammatory response to harmful dust and
gas. The COPD is associated with increased risk
of respiratory infections, lung cancer, pulmonary
embolism, pneumothorax, ischemic heart disease,
diabetes and depression [8, 9]. A characteristic
feature of the disease is its constant progression.
The airflow cannot be restored to the initial value.
An appropriate treatment is aimed only at slowing
the process down [10-12].

Presently, research is underway on COPD
therapy in the following areas: the new inhaled
B-agonist and cholinolytic [13], inhibitors of phos-
phodiesterase [14] and additional treatment of
comorbidity.

Tobacco smoking is the principal cause of the
disease [15, 16]. Other risk factors of COPD are:
industrial pollution (e.g. coal and silica dust in-
haled by workers, cotton dust or grain dust) and
chemicals (e.g. herbicides and pesticides) [17,
18]. Studies demonstrate that farmers exposed to
pesticide aerosols are at a significant risk of prob-
lems with pulmonary respiratory sufficiency, and
therefore of COPD. Another type of pollution that
may induce COPD is domestic pollution emerging
from burning wood, animal feces, vegetable resi-
dues and coal in furnaces poorly adapted to the
task [19].

Exposure to these factors leads to an increased
amount of reactive oxygen and nitrogen species
released from leukocytes and macrophages, oc-
curring in COPD patients and associated with
inflammatory processes [20-22] and allergic in-
flammation [23]. Disruption of the pro- and anti-
oxidative equilibrium may cause an increased
pulmonary inflammatory reaction, leading to ele-
vated expression of tumor necrosis factor (TNF-ay),
interleukin (IL)-6, IL-8, and IL-1B, which are used
as diagnostic markers in that disease [24, 25].
Human BChE and paraoxonase-1 are two major
bioscavenger enzymes that are associated with
inflammation, oxidative stress and lipid metab-
olism [26]. Moreover, due to its properties, BChE
participates in the metabolism of numerous xe-
nobiotics [27-29] and drugs, including those used
for COPD treatment, such as aclidinium bromide
[30]. Hence, oxidative stress may modify the ac-
tivity of the enzyme [31].

There are currently no specific studies indicat-
ing the mechanism of action of BChE in COPD pa-
tients. Acetylcholine is the main neurotransmitter
of the parasympathetic system. In the respiratory
tract the activity of AChE and BChE is particularly
important in COPD, where they may be associated
with the decomposition of acetylcholine and reg-
ulation of its level.

This, in turn, provides regulation of bronchial
channels narrowing and mucus secretion. BChE,
as mentioned above, can also participate in the
metabolism of drugs used for COPD treatment,
and accordingly alterations of its activity may in-
fluence the efficacy of the therapy [3, 4].

The aim of the present study was to determine
whether there are any alterations in activity of
BChE in the blood plasma of COPD patients and,
if so, how these changes are related to the redox
state (total antioxidant capacity and plasma lipid
peroxidation) of plasma.
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Material and methods
Chemicals

5.5'-dithio-bis-2-nitrobenzoic acid (DTNB) and
butyrylthiocholine iodide (BTC) were from Sig-
ma Switzerland; trichloroacetic acid (TCA) and
thiobarbituric acid (TBA) were provided by Sig-
ma Germany, 2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid) diammonium salt (ABTS) and
6-hydroxy-2,5,7,8-tetramethylchromane-2-carbox-
ylic acid (Trolox) were purchased from Sigma USA.

Study population

The investigated group consisted of 30 COPD
patients aged 66 +8 diagnosed with stage | or I
in the Department of Pneumology and Allergology
of Norbert Barlicki Memorial University Hospital
in Lodz, Poland.

The COPD patients were divided according to
the severity of the disease by applying the clas-
sification of COPD based on GOLD standards for
forced expiratory volume in 1 s (FEV,) and FEV./
forced expiratory volume (FVC) ratio. The FEV,/
FVC ratio was determined, and was below the
lower limit of normal (FEV /FVC = 72.6 +1.6%). Ar-
terial oxygen pressure was 59 +14 mm Hg and ar-
terial carbon dioxide pressure was 41 10 mm Hg.
Patients were not subjected to any home/hospital
oxygen treatment although they were qualified for
such therapy. All patients were in a stable stage
of the disease and they did not experience any
infectious exacerbations during this time. The in-
vestigated group consisted of patients with COPD
newly diagnosed following treatment.

The control group, aged 60 +10, comprised 18
blood samples collected from healthy subjects
without concomitant diseases related to the re-
spiratory system. In the control group, the correct
values were adopted by the standards for the diag-
nostic laboratory performing the appropriate tests.

The testing was approved by the Bioethics
Committee of the Medical University of Lodz. (No.
RNN/316/13/KE z 17.12.2013). The testing was
approved by the Bioethics Committee of the Med-
ical University of Lodz. (No. RNN/316/13/KE dated
17.12.2013).

Plasma collection

Plasma samples were collected from both pa-
tients and healthy persons (controls). Peripheral
blood was collected into tubes with anticoagulant
(sodium citrate) and then centrifuged at 600 g for
10 min at 4°C. After centrifugation, plasma was col-
lected and analyzed for the selected parameters.

Butyrylcholinesterase activity

The activity of plasma butyrylcholinesterase
(BChE; E.C. 3.1.1.8) was determined using butyr-

ylthiocholine iodide (BTC) as a substrate. Assays
were carried out in 50 mM phosphate buffer, pH
8.0, at 25°C. Eight pl of total blood plasma was
mixed with 2 ml of phosphoric buffer (pH 8.0).
Then 20 ul of 10 mM DTNB and 80 ul of 0.4 mM
of BTC were added to the samples and the absor-
bance was measured at 412 nm for 1 min. BChE
activity was estimated from the slope of the ab-
sorbance curve. One unit of BChE activity was de-
fined as the amount of pmoles of butyrylthiocho-
line degraded for 1 min by BChE contained in 1 ml
of the blood plasma [32].

Peroxidation of lipids

Lipid peroxidation in plasma was quantified by
measuring the formation of thiobarbituric acid re-
active substances (TBARS). 1 ml of blood plasma
was mixedwith 20%trichloroaceticacid (TCA) (1:1).
Samples were centrifuged at 600 g for 10 min.
Thiobarbituric acid (TBA) was added to the su-
pernatant and samples were heated at 100°C for
15 min. The absorbance of the cooled supernatant
was measured at 532 nm [33]. Lipid peroxidation
was expressed in absorbance units.

Total plasma antioxidant capacity

Total plasma antioxidant capacity was deter-
mined by means of reduction of ABTS. Absor-
bance measurement was performed at 414 nm.
Trichloroacetic acid was expressed in one-electron
equivalents of Trolox. Considering that one Trolox
molecule reacts with two ABTS* molecules, the
calculated values were multiplied by two (unit per
umol of Trolox equivalent 1) [34].

Statistical analysis

The results are presented as mean * SD. Dif-
ferences between groups were assessed by an
unpaired Student’s t test. The statistical analysis
was performed using Statistica, version 9.0 PL
software (StatSoft Inc., Tulsa, USA). Each sample
from a patient with COPD and controls was mea-
sured in 3 replicates for each method.

Results

Butyrylcholinesterase activity

Butyrylcholinesterase activity in COPD patients
was significantly reduced (0.93 +0.45 pumol/min/
ml P.C.) compared with the control group (1.43
+0.43 umol/min/ml P.C.), p < 0.01 (Figure 1).

Lipid peroxidation

Lipid peroxidation in the blood plasma of COPD
patients was significantly (p < 0.05) more exten-
sive than in healthy individuals. The values are
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Figure 1. BChE activity in healthy plasma donors
and patients with COPD (*p < 0.01)

0.028 +0.005 arbitrary units/ml plasma in COPD
patients and 0.018 +0.004 arbitrary units/mlplas-
ma in the control group (Figure 2).

Total plasma antioxidant capacity

Total plasma antioxidant capacity assay con-
firmed impaired redox state and weakened anti-
oxidant defense of blood plasma of COPD patients
compared with healthy subjects. TAC of COPD blood
plasma was significantly lower (p < 0.05) than TAC
of the healthy control group: 294 +28 mmol eqT/|
and 340 £20 mmol eqT/|, respectively (Figure 3).

Discussion

Changes in BChE activity are observed in vari-
ous diseases and poor health condition [35, 36].
Reduced plasma cholinesterase activity was re-
ported in diseases associated with injury of the
hepatic parenchyma [37, 38] such as liver fibrosis,
hepatitis and cirrhosis [39]. Individuals with con-
firmed liver cirrhosis present a 5-fold lower lev-
el of BChE than healthy controls [1]. It has been
found that the fall of enzyme activity is more pro-
nounced in liver cirrhosis patients than in hepati-
tis patients [38]. Moreover, cholinesterases have
been considered as a useful marker of the effect
of primary malnutrition on hepatic function [39].
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Figure 2. Lipid peroxidation in healthy plasma do-
nors and patients with COPD (*p < 0.05)

An increase in the activity of BChE with in-
creasing body mass index, activity of alanine ami-
notransferase, y-glutamyltransferase, triglyceride
level and a decreases in enzyme activity with in-
creasing high-density lipoprotein cholesterol have
been reported for type 2 Japanese diabetic pa-
tients. Furthermore, a correlation between the in-
crease in BChE activity and the insulin resistance
has been found, as well [40, 41].

In neurodegenerative diseases, the loss of cho-
linergic neurons leads to a significant decrease
in the activity of brain AChE and a rapid increase
in the BChE activity [4]. A similar tendency is ob-
served with age: AChE activity decreases and
BChE activity increases [42].

This study focuses on the assessment of plas-
ma BChE activity in patients with COPD. A signif-
icant (35%) reduction (p < 0.01) of the enzyme
activity was demonstrated in COPD patients com-
pared with healthy individuals (Figure 1). An in-
creased amount of reactive oxygen species (ROS)
has been reported in COPD patients. The ROS
are released from inflammatory cells or airways
during ventilation, or as a result of action of xeno-
biotics from, among other things, tobacco smoke
[22]. An increased oxidative burden occurring in
the lungs of COPD patients leads to disruption of
the equilibrium between oxidants and the antiox-
idant defense system [43, 44].

Therefore, we studied the total antioxidative
capacity and lipid peroxidation level, essential bio-
markers of oxidative stress in the blood plasma of
COPD patients [45]. The study demonstrated that
in COPD patients the level of lipid peroxidation
was elevated by 55% and antioxidative capacity
was reduced by approximately 14% compared to
healthy individuals (Figures 2 and 3).

Our data on lipid peroxidation and TAC are con-
sistent with results reported by other authors [42,
44, 46]. Domej et al. observed an increased level of
TBARS in the blood plasma of smokers with chron-
ic bronchitis, compared to healthy non-smokers.
Moreover, an increased level of secondary lipid
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Figure 3. Total antioxidant capacity in healthy plas-
ma donors and patients with COPD (*p < 0.05)
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peroxidation products, including coupled dienes
of linoleic acid, was also observed in these pa-
tients [42]. Gencer et al. observed a decrease in
TAC level in the blood plasma of COPD patients
[46]. Some earlier studies on smoke-exposed in-
dividuals demonstrated a reduction of the serum
total antioxidant capacity compared to the con-
trols [22, 47].

Increased lipid peroxidation may lead to alter-
ed activity of antioxidant enzymes. Waseem et al.
observed lower activity of all analyzed antioxi-
dant enzymes in serum of COPD smokers. A to-
tal of 60 controls (healthy non-smokers) and 121
smokers with COPD were studied. The authors
observed a significant reduction in the anti-
oxidant enzymes SOD, catalase and GPX in the
smoker group as compared to healthy controls
[48]. Our recent study indicated changes in the
activity of antioxidant enzymes in COPD patients.
We observed an increase in the activity of gluta-
thione peroxidase and a decrease in the activity
of superoxide dismutase, but not in the activity
of catalase activity [49]. However, Nadeem et al.,
Gumral et al. and WoZniak et al. observed chang-
es in activity of all three enzymes — CAT, GSH-PX
and SOD [50-52].

It is well known that reactive oxygen species,
such as hydrogen peroxide, affect the activity of
cholinesterase. Schallreuter et al. reported that
high concentrations of H,0, inhibited acetylcho-
linesterase activity. The authors suggest that
H,O,-mediated oxidation of amino acids at the
active site of the enzyme could deactivate the
protein [53].

Our results are in agreement with other studies
demonstrating that decrease of human BChE activ-
ity is associated with oxidative stress [26, 54]. Ta-
gliari et al. found that an increase in oxidative stress
was associated with inhibition of BChE and an in-
crease in homocysteine levels in blood of rats [21].

An increased lipid peroxidation level causes
a reduction of the TAC [22]. That in turn may in-
duce a reduction of BChE activity It seems that
BChE activity changes in COPD are highly import-
ant, among other things because hydrolysis and
activation of drugs used in the treatment of the
disease depend on the activity of the esterase.

In conclusion, this study shows for the first time
that the activity of butyrylcholinesterase in blood
plasma of patients with COPD is significantly re-
duced compared with healthy persons, and that
these changes are related to the oxidative stress
associated with COPD disease and demonstrated
by a decrease of TAC and an increase in lipid per-
oxidation in the blood plasma of COPD patients.
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