ICMS 2008

The International Crisis Management Symposium
on CBRN and Emerging Infectious Diseases

September 13* - 16", 2008
Chiba Institute of Science (Choshi, Japan)

Proceeding

(Digital Version)

Organizing Committee of CIS Symposium 2008

Address: c/o Chiba Institute of Science

15-8 Shiomi-cho, Choshi, Chiba 288-0025, Japan
E-mail: sympo@cis.ac.jp
Homepage: http://www.cis.ac.jp/~sympo/



[Proceeding -1]
Risk management for radiation

Takamitsu KATO", Takeshi YASUDA?, and Yoshitaka MATSUMOTO"
1) Research Center for Charged Particle Therapy, National Institute of Radiological Sciences,

Japan
2) Research Center for Radiation Emergency Medicine, National Institute of Radiological

Sciences, Japan

Abstract

Radiation gives us great useful tools for the cancer treatments by radiotherapy and supporting
our energy consumption by the massive energy release from nuclear reaction in power plants. On the
other hands, radiation is known as double edged swords. Biologically, ionizing radiation releases local
energy deposition and produces ionizing water and highly reactive radicals in our body. It leads to
break DNA strands and it leads to cell death, mutation, and carcinogenesis. To prevent the worst
scenarios, we have to know well about the characters of radiation and its history. We will discuss here
about radiation accidents in Japan and world and radiological decontamination. Then, we will explain
the background level radiation exposure and a possible increased cancer cases in Japan by a high usage
of medical diagnostic x-ray. Finally radiological casualties and classic and new biomarkers for
radiation dosimeters will be discussed.

Basic Radiation Biology

Radiobiology is the study of the action of ionizing radiations on living things. The absorption
of energy from radiation in biologic materials may lead to excitation or to ionization locally. Like
X-ray, radio waves, radar, radiant heat, and visible light are forms of electromagnetic radiation. They
have same velocity, c=3x10’m/s, but they have different wavelengths and frequencies. X-ray and
gamma-ray produced extranuclearly or intranuclearly have short frequency and can ionize molecules
directly. And neutron, alpha particles, beta-ray, heavy charged particles are also known as particle
ionizing radiation. The first step in their absorption is the production of fast recoil electrons. After that,
the atoms of target molecules may be ionized directly or indirectly by high reactive free radicals. Since
ionizing radiation locally produces ionized free radicals, it easily breaks DNA strands. It is the unique
character of ionizing radiation. Broken DNA can be repaired, but un-repaired or mis-repaired broken
DNA caused cell death, mutation, and carcinogenesis (1).
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Table 1; Scheme of radiation events.

10" seconds Radiation Event
10 ~10~ seconds Radical Formation
Minutes Hours DNA Breaks and Repair
Days Cell Loss
Weeks Months Death
Years Carcinogenesis

Different of doses of radiation will give different modes of death to man. 10Gy of radiation
causes gastrointestinal death within 9 days. 3-8 Gy of exposure leads to hematopoietic death about 3
weeks or more. The LDsg0 (the dose for half of human death within 60days) for human is 3 to 4 Gy
for young adults without medical intervention. The duration time between exposure and death are
associated with DNA repair and cell division. The loss of fast growing gastrointestinal cells results in
the loss of body fluid from intestine. Radiation damages and kills stem cells and it prevents organs
from producing renewal mature functioning cells. In fact, a bone-marrow transplant is effective in
small window between 8-10 Gy radiation exposures (1).

Table 2; Acute radiation effects

0.25-1Gy Subclinical range, minor blood chemistry changes

1-2Gy White blood cell loss

>2.5Gy Acute radiation syndrome

>3.5Gy Hematopoetic syndrome

4.5Gy LD50/60

>6Gy Gastrointestinal syndrome
10Gy LD100/60

>10Gy Central nervous system syndrome

Not only cell killing, radiation has effect for mutagenesis and carcinogenesis. Radiation
carcinogenesis is a stochastic effect, the probability of an effect increases with dose, with no dose
threshold. Cataracts are an example of a deterministic effect of radiation. After atomic bombing in
Hiroshima and Nagasaki, about 120,000 persons have been followed cancer incidence including about
50,000 received doses in excess of SmSv. By 1990, there had been 6,000 deaths from cancer of which
about 400 were considered to be an excess mortality caused by radiation. The latency of tumorgenesis
is dependent on tumors. Leukemia has the shorted latent period (7-12 years), and solid tumors showed
a long latency than the leukemia (10-50 years) from the survivors of Hiroshima and Nagasaki.
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Radiation Accidents

So many radiation accidents have been reported not only Japan and the world. Some of them
extremely damaged and contaminated to human and nature. Others did not as expected. Accidents
associated radiation and radioactive materials can be separated into two category open type and closed
type. The open type radiation accident is actual release of radionucleotide into nature. In Chernobyl
power plant accidents, huge amounts of radionuclides were released to open space and spread onto
Europe. The amounts of radioisotope is estimated about 10t including about 1500x10'°Bq of *'I and
80x10"°Bq of "*’Cs. Although still 10km radius from power plant is limited to access, there is a real
wild life protection area around Chernobyl and many wild lives increases their number. A critical
accident occurred in 1999 at a uranium conversion facility in Tokaimura, Ibaraki, Japan. The criticality
was unexpectedly initiated when a worker on the platform was leaning over a precipitation tank,
pouring a solution of uranyl nitrate enriched in *°U from a stainless steel bucket in the tank through a
funnel. Of course, this critical accidents release many radionuclides from the facility like Chernobyl.
Only those workers were exposed to significant amount of radiation. Three workers developed acute
radiation syndrome and they were transferred to the National Mito Hospital once. And then the patients
were transferred to National Institute of Radiological Sciences in Chiba 5 hours after exposure by
helicopter to further evaluation and treatment. Based on several methods of dose estimation, three
workers were exposed to 16-20 Gy equivalent, 6-10 Gy equivalent, and 1 to 4.5 Gy equivalent.

Table3; Estimated doses in Gray for three workers in Tokai

Worker A Worker B Worker C
Neutron 5.5 2.9 0.81
Gamma-ray 8.5 4.5 1.3

Worker A and B were transferred to the University of Tokyo Hospital for intensive higher care.
Worker A died of multiple organ failure on Day 82. And Worker B succumbed to refractory respiration
failure on Day 211 (2).

Compared with direct exposure from radiation accidents as mentioned above, indirect
exposure from radiation fall out or radiological contamination can be reduced the amount of exposure
by radiological decontamination. The primary differences between the mechanics of radiological
decontamination and chemical decontamination are the methods of monitoring and timing. Chemical
decontamination is an emergency.

Decontamination of casualties is an enormous task. The process requires dedication of both
large numbers of personnel and large amount of time with appropriate training and planning. Removal

of outer clothing and washing exposed skin and hair removes 95% of contamination.

Radiation Exposure in Medicine

Everyone is exposed to radiation from unperturbed natural sources (cosmic rays, terrestrial
radiation, and natural compounds of our body), enhanced natural sources (airplane travel, radon
exposure), and sources from human activity such as nuclear medicine. Intensity of cosmic rays arriving
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at the earth’s surface varies with both latitude and altitude above sea level. Average equivalent dose in
the USA is about 0.26mSv/year, but in Denver, Colorado (a mile high city), it is 0.5mSv/year. The
biggest source of natural background radiation is radon gas in the USA, which seeps into the basement
of houses from rocks underground.

There are several inhabited areas of the world where background radiation is considerably
high because of radioactivity in rocks or soil or building materials. In Brazil, about 30,000 people live
in coastal areas are exposed to dose rate of SmSv/yr (20 times higher). The highest background is in
Kerala, India, where more than 100,000 people receive an annual dose of about 13mSv (50 times
higher). After many researches have been made of these human populations, so far no excess incidence
of caner or hereditary abnormalities have been reported by radiation.

In USA, annul effective dose was about 3.6mSv. 55% comes from radon gas. 18% is man
made nuclear medicine. Internal was 11%, terrestrial was 8%, and cosmic was 8% in 1987. In Japan,
annual effective dose is about 3.75mSv. About 60% comes from nuclear medicine, and contribution of
radon is 10%. Nuclear medicine is not natural source of background radiation. One paper published to
famous medial journal Lancet in 2004 showed that the usage of medical radiation diagnosis is three
times higher in Japan than other western countries and it contributes cancer incidence in Japan. They
estimated 3.2% of cancer patients in Japan were caused by x-ray diagnosis, however, it is still unclear
and controversy (3).

Table 4; Annual natural background radiation exposures in USA and Japan.

USA Japan
Radon 2.0mSv 0.4 mSv
Nuclear Medicine, Diagnose 0.53 mSv 2.25 mSv
Others 1.07 mSv 1.1 mSv
Total 3.6 mSv 3.75 mSv

Table 5: Medical diagnostics and radiation exposure.

Medical Diagnostics mSv
Chest x-ray 0.1
Dental oral exam 1.6
Mammogram 2.5
Lumbosacral spine 3.2
PET 3.7
Bone (Tc-99m) 4.4
Cardiac (Tc-99m) 7.5
Cranial CT (MSAD) 50
Barium contract G-I fluoroscopy (2min) 85

Spiral CT 30-100
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Risks in Nuclear Affairs

Acute high dose radiation occurs in three principal situations. A nuclear weapon will result in
extremely high dose rates from initial nuclear reaction and the fallout (Hiroshima and Nagasaki).
Highly enriched nuclear material is allowed to form a critical mass. Then, nuclear reaction releases the
large amount of neutrons and gamma-ray (Chernobyl and Tokai). A radiation dispersal device made
form from highly radioactive materials (Dirty bomb).

Nuclear weapons cause not only acute radiation syndrome but also the blast and thermal
biological effects. Blast causalities will require evaluation for acute trauma in accordance with
advanced trauma life-support standard therapies. Thermal burns will be the most common injuries,
subsequent to both the thermal pulse and the fires it ignites. We should not forget the anxiety by
radiation stress. The severity of the psychological effects of a dirty bomb will depend on the nature of
the material itself and the method of deployment. Although a point source such nuclear weapons
targets physical damages and injuries, dirty bombs will produce more detrimental psychological
damage to civilians.

Each case, measurement of actual doses for radiation exposure is important to understand the
radiological damages and to help the medical and psychological cares. The classic dosimetry assays
are based on several biomarkers. Onset of vomiting with in 12 hours indicates the radiation exposure
from 2Gy to 20Gy. Depletion of peripheral blood lymphocytes within 10days suggests the doses from
2 to 8 Gy. Cytogenetics techniques, lymphocyte-metaphase spread dicentric and premature
chromosome condensation assays can detect doses from 0.2 Gy to 20Gy. Prodromal signs and
symptoms and hematological analysis can be quick but not accurate to determine the doses. Although
these cytogenetic assays are so sensitive to determine the actual doses, sample blood have to be
collected 24 hours after radiation exposure and need time and professional handling for analysis.

Several practical and easy assays are developing for new radiation exposure biomarkers for
the high throughput analysis. Recent studies for y H2AX foci can measure each DNA double strand
breaks and estimate actual exposure and handling is easer than conventional cytogenetics. In this
technique, isolated lymphocytes can be fixed and stained with antibody against y H2AX. Actual

measurements can be done with microscopic analysis or automated flow cytometer.

PCC normal human fibroblasts

Mitotic HeLa cells

Figure 1; Premature Chromosome Condensation
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Figure2; YH2AX foci after 1Gy of irradiation.

Acknowledgments
We appreciate the Organizing Committee of CIS Symposium 2008 for giving us a chance to present
our talks. We thank Dr. Anthony Tu and Dr. Hiroyasu Ohtaka for helping to organize the session.

References

1) Eric J. Hall Radiobiology for the radiologist 5™ edition, Lippincott Williams & Wilkins 2000

2) Robert C. Ricks et al. The medical basis for radiation-accident preparedness, the clinical care of
victims, Parthenon publishing group, 2002

3) Amy Berrington de Gonz_lez, Sarah Darby. Risk of cancer from diagnostic X-rays: estimates
for the UK and 14 other countries, Lancet 2004; 363: 345-351

4) Medical management of radiological casualties, military medical operations armed forces
radiobiology research institute, 2003

- 88 -



[Proceeding -2]
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Abstract

Natural and man-made hazard does not necessarily result in disaster in an area. It hinges upon:
(1) the risk and the strength of the hazard; (2) the population density; (3) the integrity of structures; and
(4) the efficiency of hazard management implemented in the areas. From this perspective, Asia Pacific
Region is one of the highly risky regions in view of the tremendously growth in the urbanization
process. The super high density of population and the super high rise structures in this region pose an
immense risk of disastrous consequence just even triggered by a trivial natural or man-made hazard.
Recognizing this, a variety of organizations at all levels of government and in the public and private
sectors have increased consideration of emergency management.

We understand that absolute prevention of disasters and restricting their spread may be
impossible. Evacuation of people from the hazardous region(s) is per se a way to reduce the ill effects
of disasters and evacuation planning is prima facie one of the critical components in emergency
management. This article briefly outlines the framework of emergency management and discusses the

use of computer simulations for evaluating different people’s evacuation strategies for an urban area.

Introduction

Rapid urbanization and concentration of people and facilities in the metropolitan areas cause
huge demand of floor space in many cities. Super high-rise and complex buildings and estates are now
constructed everywhere, in particular in many metropolitan areas in the Far East. Of all the issues
relating to such complex society, safety is one of the major concerns of many people as well as the
government. In the circumstance, societies have attempted to establish systems to ‘manage’ the natural
and technological hazards and their impacts on life and property.

It is well-known that absolute elimination of hazard appears impossible. Nevertheless, we
should endeavor to minimize the possibility of happening of hazardous events. If unfortunately such an
event happens, the system should be able to limit its effect such as in case of a fire incident, controlling
the spread of the fire and smoke. Failure to control the spread of the hazards, people in the area should
be evacuated immediately, and emergency personnel should be able to gain access to the site to assist
the evacuation and perform rescue.

Keywords: Emergency Management, Evacuation, Simulation
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This article begins by providing a brief outline of emergency management. A review of the
importance of evacuation is then discussed. Particular introduction will be given to the use of a tool —
computer simulation for analyzing the pattern of people’s movement efficiency of the crowd flow

process in evacuation.

Emergency Planning

Natural and man-made hazard does not necessarily result in disaster in an area. It hinges upon:
(1) the risk and the strength of the hazard; (2) the population density; (3) the integrity of structures; and
(4) the efficiency of hazard management implemented in the areas. From this perspective, the super
high density of population and the super high rise structures in the Far East region pose an immense
risk of disastrous consequence just even triggered by a trivial natural or man-made hazard.
Recognizing this, a variety of organizations at all levels of government and in the public and private
sectors have increased consideration of emergency planning and management. Cigler (1987) has
described that emergency planning is the process of ‘developing and implementing policies and
programmes to avoid and cope with the risks to people and property from natural and man-made
hazards’.

Managing emergency incidents effectively can be discussed and encapsulated in an

emergency event continuum. Table 1 summarises the four stages that an emergency event (a disaster)
may pass through.

Table 1: Outline stages in the emergency continuum

Emergency events continuum What involved? What to do?
Pre-event | Mitigation o Identify hazard and assess the effect e Plan the land use and control
e Develop the approach to reduce mechanism
vulnerability e Formulate building and fire codes
o Verify the scope of risks o Initial studies relating to emergency
management
Preparedness e Analyse the consequence of an event | e Establish reaction strategies (including
o Establish appropriate reaction evacuation strategies) and detection
mechanism, etc. system
o Identify inter-agencies roles o Train key emergency personnel
e Determine detection mechanism, etc. e Formulate inter-agency cooperation
Post-event | Response e Establish warning system e [Initiate warning system
e Formulate communication structures o Notify emergency service
e Designate emergency control point e Establish control point
o Formulate the ways to control/ e Perform control and rescue process
extinguish the hazardous event e Maintain the functions, as far as
practicable, of the community
o Support officials empowered for action
Recovery e Establish restore programmes e Restore to normality as quickly as
e Plan rehabilitation (including possible
buildings, environment, etc) e Revitalise the destruction
e Mobilise and review the communities
resources
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In crisis situations, such as tsunami, nuclear, chemical, terrorist attack emergencies,
appropriate decision making holds the core to alleviating the intensity of the ruinous impacts of the
disaster. Often speed and accuracy are success determining factors for the decision making. It is
therefore, crucial that planning and preparation processes for potential emergencies are carried out in
advance. The mitigation and preparedness planning at the pre-event stage are significant. Figure 1
outlines a brief approach.

Main Objectives - ------

v
v v v

Hazard identification Safety Evaluation Safety Management

__________ .

r

Emergency Planning

A

P management strategies

! | Establish acceptable Prevention & Warning

i Worse Scenario ' standard

! :

! 1

| Hazard 1 > Scenario 1 ' v

! I

| ' Evaluate the safety Response to the events

' ! —» level

i » ! 7y

! —> |
1

! 1

! : : : :

' Hazard n __p| Scenarion i Evacuation Strategies Establish evacuation
1

! :

! 1

! 1

! 1

Evacuation modeling

Analyze the hazard
development process

Rescue process

A 4

People’s positions at Building and urban
different time design
intervals

Figure 1: An outline of emergency planning
Evacuation

Evacuation of people from the hazardous region(s) is per se a way to reduce the ill effects of
disasters and evacuation planning is prima facie a critical component in emergency management.
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Moving ahead of the danger is the better practice. Some recent disasters caused by the ‘attack’ of
hurricanes have demonstrated that timely evacuation should be a means of mitigation to the ill-effect.
It is recognized that two factors have a major impact on evacuation strategies: the timing of evacuation
relative to disaster impact, and the amount of time in which evacuees are required to leave the
evacuation planning zone. The former component, which is not discussed in this article, requires the
development of an effective hazard detection and warning system. Even if an effective detection
system has been established, it is useless if the threatened areas cannot be effectively evacuated in the
determined time. Thus, the latter issue that involves evacuation planning arouses the interest of many
management scientists.

Evacuation planning may be categorized into simulation models approach and analytical
models approach. Figure 2 briefly describes the major models adopted for evacuation planning.

Tools for evacuation planning

Simulation models: to describe the response and Analytical models: to optimize the
route choice behavior of evacuees; estimate the evacuation process including escape
clearance time; etc. stairs, roads, shelters, rescue points etc.

Transit Networks

Microscopic Models: Stochastic
REMS, EVACSIM, CORSIM, CEMPS, etc networks —

Steady-state Networks

Mesoscopic Models:
DYNEV, I-DYNEYV, etc. Static Networks:
— e Shortest path

. Minimum cost flow
Macroscopic Models: e Quickest path
NETVACI, MASSVAC, Mamada, etc .

Maximal flow

Deterministic
networks —

Dynamic Networks:

. Quickest Flow

Minimum Turnstile Cost
Lexicographically minimal
Flow dependent exit capacity
Universally maximum

Fig. 2 Major Models for Evacuation Planning

Applications

An important aspect of ensuring safe evacuation in a building or a district is the availability of
a sufficient number of adequately sized and safe escape routes for the people to leave the hazardous
zone within an appropriate period of time. Normally the time being considered is the time before the
zone becomes hazardous to the people. In general, building and fire codes and other planning
guidelines provide guidance on the design of egress routes in terms of size and capacity. However,
individual components conform to the guidelines, but as a collected whole, they may lack the
coordination necessary for the inducement of smooth egress during evacuation, especially in a
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complex setting with numerous people and traffic volume.

Apart from the space planning initiated by the building and urban designers, emergency
management personnel may also need to understand the possible crowd and traffic flow pattern so that
they can plan to control the flow pattern in order to ensure a smooth evacuation.

In order to facilitate the understanding of dynamic crowd flow pattern, researchers in recent
years have developed many evacuation models. With the advancement of computer technology, some
of the models are so sophisticated that each individual’s movement in the concerned area can be traced
and their movement path can be visualized, such as the EXODUS (Galea, 1994), SIMULEX
(Thompson et al, 1995), EGRESS (Ketchell et al, 1993), SGEM (Lo et al, 2004), PEDGO (Klupfel,
2004), etc. The simulation process is adopted to build up some kind of artificial model or simplified
representation which resembles the real world system.

Evacuation under emergency situation for a complex setting is too complex to be represented
by simple flow equations and can hardly be initiated for experiment (fire drill exercise cannot be
regarded as a real experiment). Therefore, the simulation model may be an alternative approach to
anticipate in advance how the system will react should emergency situation arises. During the
implementation stages, a simulation model can be used to experiment with new designs or policies, so
as to prepare for what may happen. Valuable insight may be obtained by changing simulation inputs
and observing the resulting output.

The following simulation outputs (Figure 3 - 5) are extracted from the model SGEM (Lo, et al,
2000, 2004, 2006; Zhi et al, 2003) developed by the author at the Department of Building and
Construction, City University of Hong Kong. The model is basically a fine grid model which can adopt
the spatial information from CAD based architectural plans to perform simulation to generate the
crowd movement pattern. The model can provide reasonable results under large population situations.
However, in case where only few people located in the area, the people’s behavioral reaction will have
a significant effect on the evacuation process.

Figure 3: Simulation output of a large shopping mall
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Figure 4: Simulation output of a pedestrian walkway

Figure 5(a): Simulation output of crowd flow in a mass transit station

Figure 5(b): Simulation output of the crowd density in a mass transit station
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The results given by the simulation outputs (Figure 4-5 refers) can be adopted to analyze the
crowd flow pattern. Critical points may be obtained by tracking the dynamic crowd density. Fruin
(1971) has pointed out that crowd may crush and endanger the people in the crowd if the density is
about or over 5.6 person per square metre. The model can provide the crowd density information at
various point of time. If it is greater than the acceptable value, which should be lower than that
indicated by Fruin, for some time, the setting adjacent to the critical points should be altered. Control
the amount of people flowing to the critical points may also be necessary.

Concluding Remarks

The article presents a brief outline of emergency planning and the use of computer simulation
model for evacuation analysis. The simulation output can offer valuable information for evaluating the
crowd flow pattern, which can serve as a reference for determining the effective layout at design stage
and formulating the crowd management strategies.

Nevertheless, it should be pointed out that social science of emergency egress is also
important. People's behavior is partly the result of what threatens them. Evacuations are a function of
a system of interactions among characteristics of the hazards, characteristics of the social and cultural
organization of an area in case of evacuation for a large district, characteristics of the escape routes and
if for a large district, the road and transportation system, and characteristics of the warning and
emergency management system.

Different disasters should have different detection systems and different warning modalities.
The emergency management system of an area is also not uniform for all hazards, but will be more or
less prepared to respond if not mitigate the effects of the various hazards causing the disaster as well as
the effects of the disasters. Importantly, often hazards or disasters may block or even destroy the
escape routes such as staircase, or road and transportation structures, which must be factored in as the
simulation goes forward.

The evacuation simulation models cannot provide the insights for all the components in an
emergency management system. An effective emergency management system should be established by

considering all aspects including mitigation, preparedness, response and recovery.
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Abstract

The neuroprotective effects of newly developed oximes (K203, K206) and commonly used
oximes (obidoxime, HI-6) in combination with atropine in rats poisoned with tabun at a sublethal
dose (180 pg/kg im.; 80% LDsy) were studied. The tabun-induced neurotoxicity was monitored
using a Functional observational battery and an automatic measurement of motor activity. The
neurotoxicity of tabun was monitored at 24 hours and 7 days following tabun challenge. The results
indicate that only K203 and obidoxime in combination with atropine allow all tabun-poisoned rats to
survive within 7 days following tabun challenge while two non-treated tabun-poisoned rats and one
tabun-poisoned rat treated with K206 or HI-6 in combination with atropine died within 7 days. Only
one of newly developed oximes (K203) combined with atropine seems to be effective for a decrease in
tabun-induced neurotoxicity within 24 hours after tabun sublethal poisoning although it is not able to
eliminate tabun-induced neurotoxicity completely. On the other hand, the neuroprotective efficacy of
commonly used oximes (obidoxime and HI-6) as well as one of newly synthesized oxime (K206) is
significantly lower in comparison with K203 according to the number of eliminated tabun-induced
neurotoxic signs at 24 hours after tabun challenge. Due to its neuroprotective effects, K203 appears to

be suitable oxime for the antidotal treatment of acute tabun poisonings.

Introduction

Tabun (GA; O-ethyl-N,N-dimethyl phosphoramidocyanidate) belongs to highly toxic group of
organophosphorous compounds misused as chemical warfare agents for military as well as terroristic
purposes. Toxic effects of tabun are extraordinarily difficult to antagonize because of conformational
changes of acetylcholinesterase-tabun complex in the acetylcholinesterase (AChE, EC 3.1.1.7) gorge

Key words: tabun, atropine, K oximes, HI-6, obidoxime, functional observational battery,
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that make the nucleophilic attack of oximes almost impossible [1]. Tabun appears to produce centrally
mediated seizure activity that rapidly progresses to status epilepticus and contributes to profound
brain damage. Thus, the exposure of experimental animals to tabun in convulsions-induced doses
may result in irreversible lesions in the central nervous system (CNS) that can be manifested as
behavioral effects in convulsant survivors [2]. Therefore, the ability of antidotes to block the acute
neurotoxic effects of tabun and prevent the development of irreversible lesions in CNS is important for
successful antidotal treatment. The oximes exert more potent effects in the peripheral compartment
compared to central system due to their poor penetration into CNS. Nevertheless, there are published
results demonstrating the penetration of oximes into CNS and subsequent reactivation of nerve
agent-inhibited AChE in the brain [3,4]. Although the rate of reactivation of nerve agent-inhibited AChE
in the brain is lower compared to peripheral compartment, the role of reactivation of nerve
agent-inhibited AChE in CNS is important for survival from nerve agent exposure [5]. As the ability of
currently used monopyridinium (e.g. pralidoxime) and bispyridinium oximes (e.g. obidoxime, HI-6) to
counteract adverse effects of tabun is generally low [6], the replacement of commonly used oximes
(pralidoxime, obidoxime) as well as H oximes (the oxime HI-6) with a more effective oxime has been
a long-standing goal for the treatment of tabun poisoning. For this reason, new bispyridinium oximes:
K203 (E)-1-(4-carbamoylpyridinium)-4-(4-hydroxyimino- methylpyridinium)-but-2-ene dibromide and
K206  (E)-1-(3-carbamoylpyridinium)-4-(4-hydroxyiminomethylpyridinium)-but-2-ene  dibromide
(Figure 1) were developed to improve the efficacy of antidotal treatment in reactivating tabun-inhibited
AChE and eliminating tabun-induced acute lethal toxic effects [7]. The aim of this study was to
evaluate the potential neuroprotective effects of currently available oximes (obidoxime, HI-6) and
newly developed oximes (K203, K206) in combination with an anticholinergic drug atropine in
tabun-poisoned rats. The tabun-induced neurotoxic signs were determined using a Functional
observational battery (FOB), a non-invasive and relatively sensitive type of neurological examination
for a wide range of neurobiological functions. FOB consists of 47 measurements of sensory, motor and
autonomic nervous functions. Some of them are scored, the others are measured in absolute units [8,9].

© NS
S O
HON=HC™ ~  2Br e 2B
K203 K206
HON\ _NOH HoN 0]
?;l/ + = HON\ |‘|N/ Tt~
' 2Cl | | -
CH,OCH, CH,OCH, 2!
Obidoxime HI-6

Figure 1 Chemical structure of oximes studied
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Material and Methods

Male albino Wistar rats weighing 180-200g were purchased from Konarovice (Czech
Republic). They were kept in an air-conditioned room (22 + 2 °C and 50 + 10% relative humidity,
with lights from 7.00 to 19.00 hours) and allowed access to standard food and tap water ad libitum.
The rats were divided into groups of 8 animals. Handling of experimental animals was done under the
supervision of the Ethics Committee of the Faculty of Military Health Sciences in Hradec Kralove
(Czech Republic).

Tabun was obtained from Military Technical Institute in Brno (Czech Republic) and was 95%
pure as assayed by acidimetric titration. Obidoxime, the oxime HI-6 and newly developed oximes
(K203, K206) of 98.0% purity were synthesized earlier at the Department of Toxicology of the Faculty
of Military Health Sciences in Hradec Kralove (Czech Republic). Their purity was analyzed using
HPLC. All other drugs and chemicals of analytical grade were obtained commercially and used
without further purification. All substances were administered intramuscularly (i.m.) at a volume of 1
mL/kg body weight (b.w.).

Tabun was administered at a sublethal dose (180 pg/kg b.w. - 80% LDsp). One minute
following tabun challenge, the rats were treated with atropine (21 mg/kg b.w.) in combination with an
oxime. The oximes were administered at equitoxic doses corresponding to 5% of their LDs, values:
HI-6 (39 mg/kg b.w), obidoxime (10.5 mg/kg b.w), K203 (16.3 mg/kg b.w) and K206 (19.3 mg/kg
b.w). The neurotoxicity of tabun was monitored using the FOB at 24 hours and 7 days following
tabun poisoning. The evaluated markers of tabun-induced neurotoxicity in experimental animals were
compared with the parameters obtained from control rats that saline was administered instead of
tabun and antidotes at the same volume (1 mL/kg b.w.). Data collected with the FOB include
categorial, ordinal and continuous values. Their statistical analyses were performed on a PC with a
special interactive programme NTX [8]. The categorial and ordinal values were formulated as
contingency tables and judged consecutively by Chi-squared test of homogeneity,
Concordance-Discordance test and Kruskal-Wallis test, respectively. The continual data were assessed
by successive statistical tests: CI for Delta, Barlett test for Equality of Variance, Williams test and Test
for Distribution Functions. The results of experimental groups were compared to the results from
control rats. The differences were considered significant when p < 0.05.

Results

The results of the experiments related to the measurement of tabun-induced neurotoxicity at 24
hours and 7 days following tabun poisoning are summarized in Table 1 and 2. Two non-treated
tabun-poisoned rats and one tabun-poisoned rat treated with K206 or HI-6 in combination with
atropine died within 7 days following tabun administration. Only K203 and obidoxime in combination
with atropine allow all tabun-poisoned rats to survive until the end of experiment (7 days folowing the
intoxication).

The evaluation of tabun-induced neurotoxic signs at 24 hours following intoxication proved
significant alteration of 22 observed parameters. Tabun produced passive behavior of rats during
handling and retention and an increase in the value for miosis and nose secretion. Gait and mobility

were somewhat impaired and the level of unprovoked activity was reduced. In addition, no reaction
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during a reflex testing consisting of recording each rat's response to the frontal approach of the blunt
end of a pen or a touch of the pen to the posterior flank was found. No ability of pupils to constrict in
response to light was demonstrated either. A significant decrease in forelimb and hindlimb grip
strength, food receiving, body temperature and spontaneous horizontal as well as vertical motor
activity were also observed at 24 hours following tabun challenge. The newly developed oxime K203
in combination with atropine was able to prevent many tabun-induced signs of neurotoxicity observed
at 24 hours following tabun challenge with the exception of an increase in the value for miosis, no
ability of pupils to constrict in response to light, a decrease in forelimb grip strength, body temperature,
food receiving and spontaneous motor activity. Another newly developed oxime K206 as well as
both commonly used oximes (obidoxime, HI-6) seem to be significanly less efficacious than K203
because they were not able to eliminate passive behavior of rats during handling and catching, the
impairment of gait and mobility, a decrease in rat's response to the frontal approach of the blunt end
of a pen and to auditory click stimulus aa well as a decrease in the grip strength of all limbs (Table 1).

The 7 days neurotoxicity evaluation proved successive subsiding of neurotoxicity signs. The
evaluation of tabun-induced neurotoxic signs at 7 days following intoxication showed a significant
alteration of 4 observed parameters only. Therefore, the differences in neuroprotective efficacy of all
oximes studied at 7 days after tabun poisoning are not apparent (Table 2).

Discussion

Currently available obidoxime is able to partly eliminate tabun-induced acute neurotoxicity
following i.m. administration of tabun at a sublethal dose, nevertheless, its neuroprotective efficacy is
not satisfactory [10]. The oxime HI-6, that was developed and introduced by some countries for the
antidotal treatment of severe acute soman poisonings because of its higher reactivation and
therapeutical efficacy compared to currently used oximes such as pralidoxime and obidoxime [11],
was demonstrated to be significantly less efficacious to block tabun—induced acute neurotoxicity than
obidoxime [10]. The unsatisfactory efficacy of above mentioned oximes to eliminate tabun-induced
acute neurotoxicity is possible to explain due to low potency of oximes in reactivating tabun-inhibited
AChE in vitro and in vivo [12,13]. Therefore, new oximes have been developed to increase the
reactivating potency as well as neuroprotective efficacy of antidotal treatment of acute tabun
poisonings. Some new bispyridinium AChE reactivators able to reactivate AChE inhibited by tabun and
counteract tabun-induced acute neurotoxicity have been still developed but without extraordinary effects
[14]. Based on the structure-activity relationship study, there are five most important structural factors
influencing the affinity of AChE reactivators toward nerve agent-inhibited AChE and subsequent oxime
reactivity [15]: presence of the quaternary nitrogen in the reactivator molecule, length of the connection
chain between two pyridinium rings, presence of the oxime group, position of the oxime group at the
pyridinium ring and number of oxime groups in the reactivator structure. Above mentioned data on a
reactivator structure allowed us to postulate requirements on the structural parameters of new
reactivators of tabun-inhibited AChE.
Our results demonstrate that only one of newly developed oximes studied (K203) appears to be
significantly more effective to eliminate tabun-induced acute neurotoxicity in rats in comparison with
currently available oximes (obidoxime, HI-6). On the other hand, the potency of another newly
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Table 1 The values of tabun-induced neurotoxic markers measured at 24 hours following tabun

challenge by the Functional observational battery (No 1-11, 15-36, 44 - scored values, No 12-14,

37-43, 45-47 - values in absolute units). Statistical s
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Table 2 The values of tabun-induced neurotoxic markers measured at 7 days following tabun

challenge by the Functional observational battery (No 1-11, 15-36, 44 - scored values, No 12-14,

37-43, 45-47 - values in absolute units). Statistical s

ficance and abbreviations — see Table 2.
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developed oxime (K206) to eliminate tabun-induced acute signs of neurotoxicity is rather low. The
neuroprotective efficacy all oximes studied corresponds to their potency to reactivate tabun-inbibited
AChE in peripheral as well as central compartment and to their potency to reduce acute toxicity of
tabun. While the oxime K203 is markedly more effective in reactivation of tabun-inhibited AChE in
rats, especially in brain, and in reducing lethal toxic effects of tabun in mice than currently available
oximes [16], the oxime K206 does not prevail therapeutic and reactivating effectiveness of currently
available obidoxime and trimedoxime [17]. According to our results, not only the position of the oxime
group at the pyridinium ring but also the position of carbamoyl group at the pyridinium ring can play an
important role in the potency of oximes to counteract acute toxicity of tabun [7,15].

Till now, there is not any broad spectrum oxime able to satisfactorily counteract acute toxic
effects of all nerve agents regardless of their chemical structure [14,18]. The oxime HI-6 is the most
efficacious oxime to reactivate soman or cyclosarin-inhibited AChE and protect soman or
cyclosarin-exposed mammals from acute toxic effects [11,19]. Nevertheless, it is not efficacious to
protect tabun-exposed animals from tabun-induced neurotoxicity [10]. Obidoxime is a suitable
oxime for the reactivation of sarin or VX-inhibited AChE [18] but it is not able to sufficiently protect
soman or cyclosarin-exposed mammals from their acute toxic effects [11,19]. The newly developed
oxime K203 can be considered to be promising oxime for the antidotal treatment of acute tabun
poisonings because its neuroprotective potency is markedly higher compared to other oximes studied.
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