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Abstract

Background/Aim: Organophosphorus compounds (OP) bind to acetylcholines-
terase (AChE) causing an irreversible inhibition of the enzyme. When doing in
vivo studies of OP intoxication, to precisely measure AChE activity in the brain
tissue it is necessary to remove as much blood from the brain as possible. By
doing so, interference of the OPs present in the blood is avoided. Usually this de-
mands expensive equipment, therefore, the aim of this study was to find a simple
and economical method to eliminate the blood from brain blood vessels.
Methods: Wistar albino rats were divided into four groups named Control (C),
Control washout (CW), Paraoxon (Pox) and Paraoxon washout (PoxW) group.
Rats in Pox and PoxW were treated with 0.25 mg/kg paraoxon subcutaneously
(sc), while C and CW received 1 mL/kg sc saline instead. The “Marinkovi¢-Mak-
simovic¢” (“MM”) method was performed in rats from PoxW and CW groups. Ac-
tivity of AChE was measured both in erythrocyte lysate and in brain tissue using
spectrophotometry.

Results: Macroscopic examination revealed that the elimination of blood was
achieved in CW and PoxW groups. Activity of AChE in homogenised brain tissue
was expectedly lower in the Pox and PoxW group, when compared to C and CW
group, respectively. The CW group had a lower value of AChE activity in the brain
tissue compared to C group, while activity of AChE in the PoxW group was statis-
tically higher than in the Pox group (p = 0.044).

Conclusion: The MM method provides good elimination of blood from the brain.
Together with blood, present confounding factors that interfere with analysis in
homogenised brain tissue, were also eliminated.
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Introduction

Organophosphorus compounds (OP) are synthet-
ic compounds first synthesised in the 1930s, that
are vastly used as pesticides, but also developed
as warfare nerve agents.! OP poisoning causes
about 3,000,000 acute intoxications annually,
300,000 of which lead to fatalities.? They bind to
the serine group of acetylcholinesterase (AChE),

form stable covalent bonds, making the enzyme
inactive.* The OP-AChE bond does not sponta-
neously dissociate, which is why OPs are called
irreversible AChE inhibitors. Inactivated AChE
cannot perform its function - the breakdown of
acetylcholine (ACh) in the synaptic cleft. Accu-
mulated ACh stimulates muscarinic and nicotinic
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postsynaptic receptors causing acute cholinergic
effects.* OPs are mostly lipophilic substances that
penetrate the blood-brain barrier (BBB) easily.®
More lipophilic OPs are vastly distributed in fat
tissue, from which they are gradually released to
re-inhibit AChE. This leads to a prolonged inhibi-
tion of AChE and slower elimination of OPs.¢

OP-AChE bonds can be reactivated by oximes. As
such, they are an important therapeutic agent in
the therapy of OP intoxication.® Unlike the OPs,
oximes generally have a low degree of penetra-
tion through the BBB, because of which they
have little to no ability to reactivate brain AChE.”
Knowing that central respiratory depression is a
main cause of death in OP intoxication,®® when
researching a new oxime, it is very important to
determine the degree of its penetration through
the BBB. Finding an oxime that is more penetra-
ble, would mean a greater therapeutic success.

In animal models of OP intoxication, to determine
the level of AChE inhibition in the central ner-
vous system, a brain tissue is homogenised and
the homogenate is analysed for AChE activity.
To get accurate test results, it is necessary to re-
move as much blood from the brain tissue sample
as possible. Otherwise, test results would be al-
tered because of the OPs present in blood.!* When
searching the literature on this matter, a method
of circulatory perfusion using an isotonic buffer
solution and a Masterflex pump (Cole-Parmer,
Chicago, IL, USA) was found.™ As such equipment
was not available to us at short notice, the aim
of this study was to find a simple and affordable
method for circulatory perfusion of Wistar albino
rat brain.

Methods

Experimental animals

Wistar albino rats, male and female, weighing be-
tween 260 - 350 g were used. The animals were
housed 4 per cage, in air-conditioned rooms with
controlled temperature (21 + 1 °C) and a 12 h
light/dark cycle. They had access to food and wa-
ter ad libitum. For this study ethical approval was
given by the Ethics Committee for the Protection
and Welfare of Experimental Animals in Biomed-
ical Research, Faculty of Medicine, University of
Banja Luka (Decision No 18/1/20). During the
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entire experiment, the “Guiding principles in the
care of and use of laboratory animals” have been
observed.

Experimental protocol

To determine the efficacy of the circulatory per-
fusion method, rats were divided into 4 groups,
2 animals each. Groups were named Control (C),
Paraoxon (Pox), Control with washout (CW) and
Paraoxon with washout (PoxW). Rats in the Pox
and PoxW group were treated with 0.25 mg/kg
(0.25 mg/mL solution) paraoxon (Sigma Aldrich,
St Louis, MO, USA) subcutaneously (sc), while C
and CW groups received 1 mL/kg sc of saline in-
stead. Half an hour later, rats were anaesthetised
using 90 mg/kg ketamine and 10 mg/kg xylazine
administered intraperitoneally (ip). The rat tho-
racic cavity was opened and blood samples were
collected from the vena cava inferior into Lithium
Heparin plasma tubes after which the animals
were sacrificed via exsanguination. The “MM”
method was performed in the rats from both
PoxW and CW groups. Brains from both groups
were excised, including cerebrum, cerebellum and
the truncus encephali and stored at - 20 °C until
homogenisation.

The Marinkovi¢-Maksimovi¢ method (MM
method)

To access the rat heart and major blood vessels
the rats were tied to operating boards 15 x 25 cm
in size. A skin and muscle incision was made just
below the processus xiphoideus using large surgi-
cal scissors. Next, bilateral incisions were made,
following the medial axillary line. After sepa-
rating the diaphragm from the anterior thorac-
ic wall, the semi-attached anterior thoracic wall
was clamped and put away to leave a clear oper-
ating field (Figure 1). To achieve exsanguination,
inferior vena cava was cut just above the liver.

Prior to the cannulation of the aorta, a 10 cm long
thread was pulled under the ascending aorta. Us-
ing microscissors a small diameter incision (ap-
prox. 1-2 mm) was made in the anterior wall of
the ascending aorta, just above the aortic root.
The tip of the cannulation tube was then inserted
into the lumen of the aorta, making sure that it
does not surpass the point of the first aortic arch
branch (Figure 2). Using the earlier prepared
tread, the tube was tied into place. The abdomi-
nal aorta was clamped, to ensure that the saline
used for washout goes only to the upper half of
the body. Also, to achieve a free outflow of saline
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Figure 1: Access to the thoracic cavity of the rat

solution, superior vena cava was cut just above
the heart. The upper body blood vessels were
then perfused with a total of 100 mL of saline
through the cannulation system, using 10 mL sy-
ringes (Figure 3). The efficiency of perfusion is
observed during the procedure itself by observ-
ing the eyeballs of rats - pallor indicates the elim-
ination of blood from the blood vessels of the eye
(Figure 4).

Figure 3: Washout procedure

Tissue homogenisation and measuring of
the AChE activity

The right side cerebrum, cerebellum and truncus
encephali, priorly frozen at - 20 °C were cut into
smaller tissue fragments and weighted. Frag-
ments were then mixed with phosphate buffer
(0.1 M, pH 8.0) in a 1:20 ratio and homogenised
at 10,000 rpm for 1 minute. Cold chain was main-

-
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Figure 2: Cannulation of the rat aorta

Figure 4: Iris pallor observed after implementation of the “MM”
method
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tained during the whole procedure. Homogenised
tissue was centrifuged at 4 °C, for 15 minutes at
15,000 rpm and the supernatant was used as a
sample for determining AChE activity in the brain
tissue.

The AChE activity was measured by the Ellman
colorimetric method using a Shimadzu UV-1800
spectrophotometer (Kyoto, Japan) and UV Probe
2.17 software (Kyoto, Japan).!? Activity was de-
termined from the brain tissue samples and from
blood samples (erythrocyte lysate). Activity of
AChE in erythrocyte lysate was expressed as
pumol/min/mL, while its activity in the brain tis-
sue was expressed as pmol/min/g.

Statistical analysis

Normality of data was analysed and confirmed
by Kolmogorov-Smirnov test. Appropriate para-
metric test was performed (Student t-test). Data
were shown as mean values with their standard
deviations (SD). Statistical significance was set at
p < 0.05. IBM SPSS version 23.0 for Windows soft-
ware was used for data analysis.

Results

Macroscopic examination of the brain indicated
that good elimination of blood from brain tissue
was achieved by washout (Figure 5).

-
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Figure 5: Macroscopic results of the “MM” method. The macro-
scopic difference in appearance of the rat brain from the control
group (A) and from the control with washout group (B)

Detailed values of weight, brain weight and AChE
activity for each experimental animal are given
in Table 1.

No significant difference in mean values of rat
brain mass between groups with and without
washout was found (t = 2.29, p = 0.262). There
was no significant difference between mean val-
ues of AChE activity in erythrocytes between C
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and CW group (Student t-test: t = 0.88, p = 0.472),
as well as between Pox and PoxW group (t = 0.45,
p = 0.708) (Figure 6).

Table 1: Acetylcholinesterase (AChE) values in rat brain and
erythrocytes related to treatment

AChE AChE
. activityin  activity in
Group RatNo 2|aatss © E:ltsl;ra;;] erythrocyte brain tissue
(umol/ (umol/
min/mL) min/g)
c 1 263 1.92 3.36 1.63
2 271 1.84 2.99 1.26
3 342 2.16 2.76 1.50
cw
4 354 2.30 313 1.1
5 271 2.30 2.24 0.92
Pox
6 350 213 2.61 0.89
7 307 2.02 2.24 1.05
PoxW
8 315 2.02 2.99 1.01
' A
—— Difference in AChE activity in rat erytrocyte between
m groups
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Figure 6: Acetylcholinesterase (AChE) activity in the rat erythro-
cyte lysate samples

C - control group; CW - control with washout group; Pox - paraoxon
group; PoxW - paraoxon with washout group.
Values are presented as mean values + standard deviations;
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Figure 7: Acetylcholinesterase (AChE) activity in the rat brain
tissue samples

C - control group; CW - control with washout group; Pox - paraoxon
group; PoxW - paraoxon with washout group;

Values are presented as mean values + standard deviations;

*There was significant difference between AChE activity in rat brain
between Pox and PoxW group (Student t-test: t = 5.00, p = 0.044).
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There was no significant difference between
mean values of AChE activity in rat brain be-
tween C and CW group (Student t-test: t = 0.52,
p = 0.655), but there was significant difference
between Pox and PoxW group (t=5.00, p = 0.044)
(Figure 7).

Discussion

When analysing the AChE activity in brains of
rats poisoned with OP and treated with oximes,
the presence of blood in the brain can distort the
results for several reasons, primarily due to lipo-
philicity of OPs and poor penetration of oximes
through the BBB. Following absorption, OPs ac-
cumulate rapidly in fat, liver, kidneys and salivary
glands. Lipophilic OPs are released more slowly
from adipose tissue and have a milder acute but
prolonged effect. When the applied oxime reac-
tivates AChE, the leakage of lipophilic OPs from
the depot re-inhibits AChE. Paraoxon (diethyl
(4-nitrophenyl) phosphate) is the active metabo-
lite of the OP insecticide parathion.'* The phos-
phorothioates (P=S) (eg, diazinon, parathion)
are more lipophilic than phosphates (P=0) (eg,
dichlorvos, paraoxon). Spontaneous reactivation
of dimethyl-phosphorylated AChE often occurs
rapidly even without oxime therapy. There is no
such expectation for AChE inhibited with diethyl
phosphoryl insecticides.®

How to increase therapeutic potential of oxime,
by improving their BBB penetration remains a
challenge in modern toxicology. As a very selec-
tively permeable membrane, the BBB imposes
several limitations for oxime penetration to the
brain tissue, such as hydrophilicity, polarity and
molecule size. Consequently, pyridinium aldox-
imes (PyAls) such as pralidoxime (2-PAM) have
a very low rate of BBB penetration,'* > which is
mostly associated with their high hydrophilici-
ty'’ and permanent cationic charge. 2-PAM, which
is most commonly used oxime in the treatment of
OP poisonings, has a relatively low level of trans-
port through the BBB.1>"7

Respiratory failure has been identified in numer-
ous studies as the leading cause of death in OP
poisoning.’®?® Houze et al?! have shown that re-
spiratory failure is most likely the result of cen-
tral respiratory depression, rather than periph-
eral bronchoconstriction, bronchorrhoea and
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respiratory muscle fatigue.® ° Knowing that, a
crucial point in therapy would be reactivation of
AChE in brain tissue.!® Because of that, non-qua-
ternary organic compounds are introduced as
novel antidotes in OP poisoning.?> 23 Not having
a quaternary group gives them a better penetra-
bility through the BBB. Data from the literature
indicate that the chlorine atoms in the oxime in-
crease its lipophilicity.?* In OP insecticides, it has
been shown that oximes with a functional group
at the position 4 reactivate OP insecticides most
effectively. Oximes with a bis-quaternary struc-
ture are more efficient than those ones with mo-
no-quaternary structure. It is best that linker
has 3-5 C-C connections. The double bond in the
linker increases both their efficiency and toxici-
ty.25:26

There are several ways to determine the effi-
ciency of brain AChE reactivation by oximes, but
most widely used is an indirect method. With this
method the level of BBB of an oxime penetration
is measured by the level of AChE reactivation in
the brain tissue. To achieve precise results, it is
necessary to remove blood from the brain. This
way OPs present in the blood will not interfere
with the results. Washing out blood from the
brain by using the “MM” procedure, showed re-
duced detected AChE activity in homogenised
brain tissue, which resulted in 0.15 pmol/min/g
difference between control groups (C and CW).
This decrease was due to the removing of the
AChE present in red blood cells, whose activity
could be measured in the brain homogenate in
the absence of washing out. In both groups treat-
ed with paraoxon AChE activity was expectedly
lower when compared with controls (37.24 %
drop when comparing C and Pox group and 21.37
% difference between CW and PoxW). Comparing
the results between Pox and PoxW group, AChE
activity has remained higher in the PoxW group
that was subjected to the “MM” procedure. Evi-
dently the washout prevented remaining paraox-
on from blood to bind with AChE and thus to dis-
tort the level of AChE activity in the brain after
homogenisation.

By introducing the “MM” method, few things were
tried to be avoided; one of them is that OP re-ar-
rives from the blood into the brain to re-inhibit
the AChE, thus obtaining lower values of AChE
activity than the real ones. On the other hand,
a new oxime that would penetrate BBB better
could reactivate AChE in the brain. The presence
of blood in homogenates would call into question
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the origin of reactivated AChE - by eliminating
the blood, the obtained values of AChE activity
are those from the brain and not from the blood
and brain.

Conclusion

( )
The “MM” method provides good elimination

of blood from the rat brain and thus eliminates
confounding factors in the analysis of parame-
ters from brain homogenates. The introduction
of the procedure in the Centre for Biomedical
Research, Faculty of Medicine, University of
Banja Luka enables the universality of the pro-
Lcedure and the reproducibility of the results.
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