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Butyrylcholinesterase (BChE) is synthesized in the liver
and found in high concentrations in blood plasma, liver,
heart, pancreas, vascular endothelium, skin, brain white
matter, smooth muscle cells and adipocytes. BChE is a
non specific enzyme that hydrolyzes different choline
esters (succinylcholine, mivacurium) and many other
drugs such as aspirin, cocaine and procaine. The enzyme
is also considered as a bioscavenger due to its ability to
neutralize the toxic effects of organophosphorus com-
pounds (nervous system fs agents) such as soman. BChE
displays several polymorphisms that influence its serum
activity; therefore they could determine the individual
sensitivity to chemical nerve agents. In this study, we
investigated the correlation between BChE variants and
the degree of enzyme inhibition and reactivation after
soman application on blood samples of 726 individuals.
The blood samples of individuals expressing abnormal
variants, were more sensitive to soman compared to
variants of homozygotes and heterozygotes for U-allele.
We found significant differences in the degree of en-
zyme reactivation between different variants (with and
without U-presence).

Key words: Butyrylcholinesterase variants, soman toxicity, enzyme
inhibition/reactivation

Received: 12 February, 2012; revised: 04 April, 2012; accepted:
18 May, 2012; available on-line: 13 June, 2012

INTRODUCTION

Cholinesterases are enzymes involved in the metabo-
lism of acetylcholine, anaesthetic drugs (including succi-
nylcholine, mivacurium), cocaine and organophosphates
(OP). There are two types of cholinesterases in the hu-
man body: acetylcholinesterase and butyrylcholinesterase.
Butyrylcholinesterase (BChE) is synthesized in the liver
and found in high concentrations in blood plasma, liver,
heart, pancreas, vascular endothelium, skin, brain white
matter, smooth muscle cells and adipocytes (Kutty, 1980;
Chatonnet & Lockridge, 1989; Oreskovic & Kunec-
Vajic, 1992). For a long time the physiological function
of BuChE was unclear. Nowadays, roles for BuChE
have been suggested in cellular adhesion and neurogen-
esis (Whyte & Greenfield, 2003; Paraoanu e al., 2000),
myelin maintenance (Neustein e al, 2009), lipoprotein
metabolism (Valle ez al., 2000), in the processing of the
amyloid precursor protein (Rocchi ez af, 2003), and as
a scavenger of toxic chemicals (Raveh et al, 1997). Or-
ganophosphorus compounds (pesticides, netve agents)
are still considered as important chemicals acting on
living organisms and some of them widely are used in
human practice. Nerve agents (soman, sarin, etc.) are

the most lethal chemical warfare agents. They affect the
transmission of netve impulses in the nervous system
due to inhibition of acetylcholinesterase. This leads to
contraction of muscles, profuse salivation, convulsions,
and eventual death by asphyxiation. Butyrylcholinesterase
is a naturale countermeasure against organophosphorus
agents. It acts as a scavenger in the blood stream before
the nerve agent reachs and binds to acetylcholinesterase
in the nervous system. However, there are several BChE
phenotypes that are genetically determined. People with
genetically low BChE activity are considered to be at a
higher risk when exposed to organophosphorus com-
pounds (Timothy ez al., 2010).

In the context of our study we are interested in phe-
notypic characteristics such as serum butyrylcholinester-
ase activity and degree of inhibition by specific inhibi-
tors, which are results of certain genetic polymorphisms.

The genetic polymorphisms of butyrylcholinesterase
determine not only the level of serum activity, but also
its functional characteristics such as substrate specificity
and sensitivity. Different variants show divergent ability
to hydrolyze certain chemicals or to be suppressed by
certain agents. Studies have shown that the degree of en-
zyme inhibition by dibucain and sodium fluoride can be
used to identify the variants of the enzyme. These facts
make it possible to analyze the biochemical properties of
different variants of the enzyme, assumed to be associ-
ated with a given genotype. Application biochemical cri-
teria for determining the frequency of the most common
phenotypes of BChE and thereby inferring its genotypes,
respectively, is widely used because of its accessibility
and cost-effectiveness.

All these assumptions prompted us to investigate the
relation between butyrylcholinesterase variants and sensi-
tivity to soman toxicity.

MATERIAL AND METHODS

Subjects. The study included 726 individuals — 302
females and 425 males, aged 35.31+9.7 years. The partici-
pants were randomly selected Bulgarian citizens undergo-
ing prophylactic examinations. They provided 10 ml of
whole blood. An ethics committee approved the study,
and written informed consent was obtained from the pa-
tients. The selected individuals were asymptomatic, with
serum activity of hepatic enzymes ALT and AST in the
reference range. The serum was separated after centrifu-
gation and stored at —20°C before further use.
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Abbreviations: BChE, butyrylcholinesterase; DN, dibucaine num-
ber; DNTB, beta dystrobrevin; FN, fluoride number; OP, organo-
phosphates; Ul, units
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BChE activity measurement and determination
of BChE phenotype. Measurements were performed
according to a standard method using propionylthi-
ocholine as substrate. This method was introduced by
Dietz and it is based on hydrolysis of thioesters by
BChE derived from human serum (Dietz ¢ al., 1973).
The concentration of products of the hydrolysis is di-
rectly proportional to the BChE activity (UI/L at 37°C)
and can be detected spectrophotometrically. In the
presence of inhibitors dibucaine and sodium fluoride
the intensity of produced color is changed and on this
way different variants of BChE can be distinguished.
The method is universal and it continues to be used in
recent population studies (Cerf e al., 2002; Asad Vaisi-
Raygani ¢# al., 2007).

We used a Screen master spectrophotometer with a
flow cuvette. Reagents for determination of BChE ac-
tivity were propionylthiocholine, DNTB, buffer (TECO
diagnostics). These reagents were diluted with 6 ml dis-
tilled water and the final concentration of DNTB and
propionylthiocholine were 0.4 mM and 4 mM, respec-
tively. To 1 ml of this solution was added 0.01 ml un-
diluted human serum. The absorbance was measured at
405 nm for 90 s and it corresponds to BChE activity
exprened in units (UI). For determination of dibucaine
number (DN) and fluoride number (FN) we used the
same reagents diluted with 0.3 mM dibucaine or 40 mM
sodium fluoride, respectively. Then we added 0.01 ml of
undiluted serum to 1 ml of working solution and meas-
ured the BChE activity. From the degree of inhibition,
DN and FN were calculated. The BChE phenotypes
were determined following the classification based on
Dietz (1973).

Analyzing the biochemical properties of the enzyme
we determined different BchE variants corresponding to
a given genotype, as follows:

Normal variant UU: dibucaine inhibition (DN)>75%,
fluoride inhibition (FN)>78% and enzyme activity>4000
U/L.

Atypical (dibucaine resistant) variant AA:
(DN)<25%, (FN)>78% and enzyme activity <4000 U/L.

Variant AK: (DN) in range 25%-75 %, (FN)>78%
and enzyme activity<4000 U/L.

Variant AS: (DN)<25%, (FN)>78% and enzyme ac-
tivity<2000 U/L

Variant UF: (DN)>75%, (FN) 71-75% and enzyme
activity>4000 U/L.

Variant US: (DN)>82%, (FN)>75% and enzyme ac-
tivity in range 4000-6000 U/L.

Variant UA: (DN) in range 25%-75 %, (FN)>78%
and enzyme activity>4000 U/L.

Determination of specific sensitivity of different
BChE phenotypic variants to anticholinesterase
agents. To determine the sensitivity of the different
BChE variants to anticholinesterase agents we inves-
tigated the degree of enzyme inhibition in the pres-
ence of soman. Based on published scientific evidence
(Maxwell ez al., 1987) for soman inhibiting doses, we
performed a series of experiments 7z vitro with pooled
human serum. For our subsequent experiments we se-
lected soman concentrations of 107 M to reach de-
pression of baseline BChE activity about 60-70%.
Measurements were performed according to the meth-
od desctibed above. We performed the inhibition/
reactivation experiments using 50 UU samples, all
heterozygotes (N=39) and all detected abnormal ho-
mozygotes (N=4). All measurements were done three
times and average values were considered. Sera of
different phenotype variants of butyrylcholinesterase

were incubated for 20 min at 25°C with 107 M so-
man. After estimation of BChE inhibition the samples
were incubated with reactivator HI-6 in concentration
103 M at 25°C for 20 min. Then the activity of cho-
linesterase was determined and the degree of enzyme
reactivation (R) was calculated according to the fol-
lowing equation:

R % = [1—(Ea-Er)/(Ea—FEi)] % 100,

where Ea is the activity of native enzyme, Fi is the ac-
tivity of soman inhibited enzyme and Er is the activity
of inhibited enzyme after incubation with HI-6 reactiva-
tor (Karasova et al., 2010).

Statistical method. The relation of enzyme activity
with soman inhibition/reactivation was estimated using
chi-square test and P-value was calculated. P<0.05 was
considered significant.

RESULTS

The 726 individuals tested were grouped in seven
groups according to their BChE phenotypic variants,
each corresponding to a particular genotype (Table 1
and 2). The majority of studied population (94.1%) had
the normal phenotype corresponding to UU. The per-
centage of phenotypes corresponding to U-heterozy-
gotes, was 5.38% of individuals. Only four individuals
from the studied group were detected with phenotypes
corresponding to abnormal genotypes (AA, AK and AS)
— 0.52%.

After application of soman (10-7 M) to serum samples,
the percentage of inhibition of BChE was determined.
Table 3 shows the range of enzyme inhibition (in %) for
the variants corresponding to homozygote UU, hetero-
zygote U and abnormal homozygotes. We found no dif-
ferense in BChE inhibition between the first two groups
— 58.8% and 59.2%, respectively. The third group had
an increased BChE inhibition after soman application by
10% to 69%, but the difference was not statistically sig-
nificant.

In subsequent experiment we studied of reactivation
of BChE activity by HI-6. The enzyme reactivation by
HI-6 was investigated in serum samples with different
BChE variants. The results are shown in Table 4. The
average percentage of BChE reactivation after soman in-
hibition in blood samples of U-homozygotes was 7.15%,
in U-heterozygotes — 8.6% and in abnormal homozy-
gotes — 16.8%. There was a statistically significant dif-
ferences (P<0.05) in the degree of reactivation between
the groups.

From the obtained results, it could be assumed that
people without normal butyrylcholinesterase allele will
be slightly more sensitive to exposure of nerve agents
(soman) and will have an altered therapeutic response to
the oxime reactivator HI-6.

Table 1. Determination of BChE variants

Variant  Enzyme activity (U/L) DN (%) FN (%)
uu 9010+2041 82+1.29 79.6+1.08
UA 5810+885 71.3+1.58 80.5+1.47
UF 6875+745 79.2+1.24 71.8+1.62
us 5042+436 84.5+0.85 78.9+0.98
AA 2978 19.8 824

AK 3300+387 59.3+£1.95 80+0.3
AS 1594 20.7 83.1
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Table 2. Frequency of BChE variants in Bulgarian population

BChE variant N of individuals

Frequency (%)

uu 683 94.1
UA 26 3.58
UF 8 1.10
us 5 0.7

AA 1 0.13
AK 2 0.26
AS 1 0.13

Table 3. Inhibition of different variants of BChE by soman

BChE phenotype Enzyme inhibition mean % ()

uu 58.8 (1.9)
UA 57.7 (0.8)
UF 60.9 (1.2)
us 59.05 (1.3)
Average 59.2 (1.6)

AA, AK, AS average 69 (2.5)

Table 4. Reactivation different variants of BChE by HI-6

BChE phenotypes Enzyme reactivation mean % (+)

uu 7.15(1.1)
UA 10.6

UF 8.4

us 6.8
Average 8.6 (0.9)

AA, AK, AS average 16.8 (0.3)

DISCUSSION

BCHE plays an important role in the hydrolysis of
many exogenous chemicals containing ester bonds:
myorelaxants (succinylcholine), local anaesthetics (pro-
caine, chloroprocaine and cocaine), heroin and other
drugs. It is also suggested to be a biological scavenger
against organophosphorus compounds used as pesticides
and nerve agents. Nowadays, more than 100 polymor-
phisms of BChE have been identified (Shields & Lewis,
2011). Several genetic variants with altered enzyme activ-
ity have been reported, such as the Atypical gene, Fluo-
rideresistant gene, Silent gene, K variant, ] variant and H
variant (Masato e al., 1997).

Individuals carrying abnormal inactivating alleles have
been shown to have a lower capacity to interact with
and detoxify drugs. Many surveys indicate an individu-
al’s genotype carring some of these variants may result
in higher sensitivity to organophosphorus compounds
(Loewenstein-Lichtenstein ¢ al, 1995; Dunn e# al., 1997,
Howard ez al., 2010). According to these data it seems
reasonable to investigate potential correlation between
BchE phenotypes and the degree of soman inhibition
and following reactivation by HI-6. In our study we
chose soman because it is one of the most dangerous
cholinesterase inhibitor and the most difficult for treat-

ment (Bajgar, 2010). In this light we expected the dif-
ferences of degree of inhibition between different BChE
variants to be more remarkable. The mechanism of ac-
tion of HI-6 as a reactivator is clear. HI-6 is considered
to be highly effective in restoring cholinesterase activity
in case of soman exposure (Johnson ez al., 2000).

In this study we established that abnormal variants of
BChE lead to only slight changes of sensitivity to so-
man. We found that phenotypes corresponding to U-ab-
sence showed higher degree of inhibition by soman, not
reaching statistical significance. Furthermore, reactiva-
tion of variants AA, AK and AS was statistically higher
than of the other BChE variants. These results support
the proposal that mutations could affect the conforma-
tion and reactivity of the active site of enzyme (Masson
et al., 1997). Moreover, based on the present results we
can assume that there is a marginal correlation between
butyrylcholinesterase variants and sensitivity to soman
toxicity, but a significant correlation with the enzyme re-
activation.

CONCLUSION

Polymorphisms in the BChE gene influence marginal-
ly individual sensitivity to soman and significantly ability
for enzyme reactivation. Our findings indicate that peo-
ple carrying abnormal BChE variants could be more sen-
sitive to the toxic effects of organophosphates. Also, the
results allow us to suggest that abnormal BChE variants
could explain unexpected effects during therapy with ox-
ime reactivator. This is a preliminary study, which should
be extended to a larger population and complemented
by DNA analysis of BChE variants.
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