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The aim of this study was to compare changes in activity of acetylcholinesterase (AChE) in the brain and motor
endplates of rat after administration of soman and tabun. We took brain and diaphragm from laboratory rats admin-
istered a median lethal dose (LD, ) of soman or tabun. Enzyme activity of AChE was studied in selected structures
of brain and in motor endplates in the diaphragm. Histochemical detection of AChE by Karnovski and Roots with
simultaneous histochemical detection of alkaline phosphatase in case of brain sections was used. The highest activity
of AChE in the control group was found in the striatum, amygdaloid nuclei, substantia nigra, superior colliculi, and
motor nuclei of cranial nerves V, X a XII. LD, of both nerve agents dramatically decreased the activity of AChE in
the structures studied - both brain and diaphragm. After intoxication by either agent, activity in above mentioned
nuclei was characterized as low or focally moderate. Very low activity was seen in some structures (CA3 field of hip-
pocampus, some nuclei of the tegmentum and cerebellar cortex). We found minimal differences in the histochemical
picture of soman or tabun intoxication, apart from the striatum and the superior colliculi which showed stronger

inhibition by tabun.

INTRODUCTION

Organophosphates (OP) are derivatives of phos-
phoric acid, which specifically attack the active surface
of cholinesterase in addition to effects induced by other
toxic agents. They block the function of cholinesterases
even in very low concentrations" 2. In spite of their high
toxicity, a plethora of these substances is used in industry,
e.g. as pesticides and insecticides. Those characterized by
median lethal dose (LD, ) at the level of milligrams/kg
are used as nerve agents in chemical warfare’.

Sarin, soman and tabun pass easily through the
blood-brain barrier. This is why their most serious effect
is central respiratory insufficiency caused by inhibition of
acetylcholinesterase (AChE) in the reticular formation of
the pons and the medulla oblongata. Another OP, e.g. VX
may differ in stronger effect on the motor endplates of the
diaphragm and heart*.

Target enzymes of OP are cholinesterases. Acetylcho-
linesterase is localized in erythrocytes, muscle cells and
in nerve cells. Inhibition of AChE leads to accumulation
of acetylcholine and the inhibited enzyme undergoes only
slow spontaneous reactivation® -,

A key feature of the histochemical picture of OP in-
toxication is strong decrease in cholinesterase activity al-
most throughout the brain and other organs. In addition,
the effect of OP includes histopatological lesions, which

are not specific to these agents and can be found after
intoxication by other toxicants: hemorrhages, perivascular
and pericellular oedema in brain, heart, liver and lungs’.

MATERIALS AND METHODS

The cholinesterase inhibition in the brain and in the
motor endplates of the diaphragm was studied histochemi-
cally on the rat model. We compared a control group of
rats intoxicated by soman or tabun.

The animals were administered D, of soman or tabun
and killed after 30 min. The brains were removed, quickly
frozen and cut on a cryostat to 20 u slices. The simultane-
ous histochemical detection of AChE by Karnovsky and
Roots and AP (alkaline phosphatase) was used. Concur-
rently we made a set of sections stained by hematoxylin
- eosin for the assesment of histopathological changes.
For identification of brain structures we used histochemi-
cal atlases of the rat brain®.

The diaphragm was taken and studied for AChE activ-
ity in the motor endplates.

Light microscope Olympus BH2 and digital camera
Olympus Camedia C-3030 were used for microphoto-
graphic documentation.
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Fig. 1. Section through striatum at the level of /.6 mm  Fig. 2. Section through striatum at the level of /.6 mm ros-
rostrally to bregma. Control, incubated for AChE. trally to bregma. Soman intoxication, AChE + AP.

Fig. 3. Section through striatum at the level of .6 mm ros-  Fig. 4. Control section through oblongata with high activity
trally to bregma. Tabun intoxication, AChE + AP. of motor nuclei X and XII, AChE.

Fig. 5. Corresponding section after tabun intoxication.  Fig. 6. Section through brainstem at the level of intraparen-
Nuclei X and XII show moderate activity. Choroid chymal course of cranial nerve VII (arrows), after
plexus of the 4 ventricle expresses high AP activity tabun intoxication. AChE + AP.

(arrow). AChE + AP.
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RESULTS

LD, of both nerve agents dramatically decreases the
activity of AChE in the structures studied. Differences
were observed in particular in the nuclei of the brain.

In the control group the highest activity was found in
the striatum, basolateral amygdaloid nuclei, substantia
nigra - compact part, superior colliculi - superficial
gray and motor nuclei of cranial nerves V, X a XII. High
activity was expressed in the globus pallidus, thalamus
(laterodorsal nuclei), zona incerta, hippocampus and den-
tate gyrus, reticular formation, pontine nuclei, cerebellar
cortex - granular layer, septal nuclei, gracile and cuneate
nuclei. Moderate activity was found in the periaqueductal
gray, red nucleus, hypothalamus, while low activity was
found in the cerebral cortex.

No more than moderate activity in the striatum and
dorsal nucleus of vagus nerve was detected after soman in-
toxication. Low activity was shown in amygdala, substan-
tia nigra, superior colliculi, motor nuclei V and XII. Spots
of low or zero activity were found in other structures of
the gray matter (CA3 field of hippocampus, tegmentum
and reticular formation, pontine nuclei, cerebellar cortex,
laterodorsal nuclei of thalamus, zona incerta, periaque-
ductal gray, septal nuclei).

Tabun intoxication led to similar morphological find-
ings as intoxication with soman. Stronger inhibition by
tabun was found in striatum and superior colliculi.

In the diaphragm we found a dramatic drop in AChE
activity after both soman and tabun.

DISCUSSION

Our preliminary results document a similar histo-
chemical picture after both soman and tabun intoxication.
There are only slight differences in location and intensity

of histochemical product. However, the course of intoxi-
cation is more serious in the case of soman intoxication
due to its fast dealkylation of enzyme-inhibitor complex.
For this reason soman remains the focus of interest of
toxicologists®. In our next experiments we want to study
the situation after using antidotes and to quantify AChE
activity® 1°.
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