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Technical Program
Session Summaries: Sessions 1-16

Papers
1. BIOTERRORISM AND AUSTRALIA - THE WAY AHEAD

Andrew G. Robertson
2. COMMUNICATION IN THE HEAT OF A CRISIS - THE CRUCIAL ELEMENT

FOR EFFECTIVE CRISIS DECISION MAKING
Gui Santana

6. RECENT AND PLANNED RESEARCH TO EXTEND AND FURTHER
VALIDATE RSDL AS A BROAD SPECTRUM PERSONAL DECONTAMINANT
SYSTEM FOR BCW AGENT DECONTAMINATION

Philip C. O'Dell
7 LARGE SCALE MASS DECONTAMINATION AND SPECIAL EVENT
PLANNING CRITERIA FOR SPECIAL INTERNATIONAL EVENTS BASED ON

THE CASCAD SYSTEM AND CANADIAN MODEL
Douglas R Eaton

8. "HINGE" PEPTIDE LIBRARIES AS INHIBITORS OF BOTULINUS

NEUROTOXIN A
M. Hamilton, J.Hayden".

J. Pires* and G. Moore*

9. CANADA’S RESPONSE TO NBC INCIDENTS
Colin A. Harwood
10. GLOVES THAT FIT AND DO NOT TEAR, A NOVEL IDEA. Acton's New CB

Moulded Glove
Earl Laurie', Julie F. Tremblay-Lutter’.

Sylvia J. Weihrer?, John Clark’
11. AN ASSESSMENT OF TOXINS
Chen, Ji-sheng
12. EFFECTS OF SOME REVERSIBLE CHOLINESTERASE INHIBITORS ON THE
REACTIVATABILITY OF SOMAN-INHIBITED HUMAN ERYTHROCYTE

ACETYLCHOLINESTERASE IN VITRO
Zhou Wenxia, Ruan Jinxiu.

Zhao Delu, and Zhong Yuxu
13. CRITERIA FOR SELECTION OF HUMAN, ANIMAL AND PLANT
PATHOGENS AND TOXINS TO BE INCLUDED IN A LIST OF BIOLOGICAL
AGENTS AND TOXINS IN RELATION TO BTWC
Slavko Bokan
14. SCIENTIFIC REVIEW OF CBMTS-INDUSTRY 1
Slavko Bokan', Zvonko Orehovec®

16. OPERATIONAL REVIEW OF CBMTS-INDUSTRY I
17Zvonko Orehovec, *Slavko Bokan

17. ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE ACTIVITY
MEASUREMENTS IN HUMAN BLOOD BY THE ELLMAN METHOD: II.
PROCEDURE PROTOCOL AND COMPARISON WITH PROCEDURES
SUGGESTED BY OTHER AUTHORS (POSTER)
E. Reiner, M. Skrinjarie-Spoljar.
G. Sinko and V. Simeon-Rudolf
18. ORGANOPHOSPHORUS COMPOUNDS AND ESTERASES:




CURRENT RESEARCH TOPICS CONCERNING TOXICITY OF AND
PROTECTION AGAINST ORGANOPHOSPHATES: State of the Art Lecture
Elsa Reiner
19. ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE ACTIVITY
MEASUREMENTS IN HUMAN BLOOD BY THE ELLMAN METHOD: I.
EVALUATION OF EXPERIMENTAL CONDITIONS _
M. Skrinjaric-Spoljar, G. Sinko.
E. Reiner, and V. Simeon-Rudolf
20. EFFECT OF PYRIDOSTIGMINE (PYR) AND NON PENETRATIVE HEAD
INJURY OF NEUROMUSCULAR PERFORMANCE IN THE RAT
Shabbir M Moochhala, Choo-Huan Teng.
Jia Lu, Edmund Lee
21. INHALATION INTOXICATION WITH SARIN: RELATIONSHIP BETWEEN
SARIN DOSE AND CHOLINESTERASE INHIBITION IN BLOOD
Bajgar, J., Vachek. J..
Kassa, J., Fusek, J.
22. SIMPLE METHOD FOR MORE PRECISE DIAGNOSIS AND TREATMENT OF
INTOXICATION WITH NERVE AGENTS POISONING
Bajgar, J., Fusek, J.:
23. THE LONG-TERM EFFECTS OF LOW LEVEL INHALATION EXPOSURE OF
RATS TO SARIN
Kassa J., Bajgar J., Koupilovd M..
Herink J., Kro¢ovi Z.
24. PLAGUE VACCINES: AN OVERVIEW
P. Russell
25. ASSESSING THE EFFECTS OF LOW DOSE EXPOSURE TO
ANTICHOLINESTERASES
Leah Scott and Peter Pearce
26. SEARCH FOR NEW NEUROPROTECTIVE DRUGS AGAINST SOMAN-
INDUCED CENTRAL NEUROPATHOLOGY : ANTIOXIDANTS
Frederic Dorandeu, Dominique Baubichon, Yannick Bouvier.
Fabien Girard, Frédéric Martin and Guy Lallement
27. HUMAN PARAOXONASE AS A CATALYTIC SCAVENGER AGAINST CW
ORGANOPHOSPHATES.
Josse, Denis', Vigue, Nathalie', Renault, Frédéric'.
Bartels, Cynthiaz, Lockridge Oksana’ and Masson, Patrick'.
28. ON THE OLD MILITARY “HERITAGE” IN GEORGIA
M. Juruli, A.Dolidze, I. Gineria
29. TOXICOLOGICAL ASPECTS OF EVENTS IN TBILISI IN APRIL, 1989
G.Katsitadze, P.Nishnianidze
30. THE DETERMINATION OF HUMAN ERYTHROCYTE
ACETYLCHOLINESTERASE (ERY-ACHE) IN A MODIFIED ELLMAN ASSAY
P. Eyer and F. Worek
31. SULFUR MUSTARD INDUCED CYTOKINE CHANGES IN DIFFERENT CELL
CULTURES
G. Krebs, K. Kehe,
H. Reisinger, L. Szinicz
32. NEW ASPECTS ON THE REACTIVATION BY OXIMES OF
ORGANOPHOSPHATE-INHIBITED HUMAN ACETYLCHOLINESTERASE IN
VITRO




F. Worek!2, P. Eyer’, P. Littig'.
» R. Widmann', L. Szinicz'
33. PROPHYLACTIC EFFICACY OF AMIFOSTINE AND ITS ANALOGUES

AGAINST SULPHUR MUSTARD INTOXICATION
Uma Joshi, S.K. Raza, Pravin Kumar,

R. Vijayaraghvan and D.K. Jaiswal
34. EFFECTS OF SODIUM BICARBONATE IN HUMAN ORGANOPHOSPHATE

POISONING
Balali-Mood, M., Shahab-Ahmadi.

A, Salimifar, M., and Shariate, M.
35. A REVIEW OF INFECTIONS AMONG IRANIAN COMBATANTS IN THE

IRAN-IRAQ WAR
L. Haghighi and S. Nabipour

36. IDENTIFICATION AND DETERMINATION OF MYCOTOXINS BY HPLC IN

LIVER
Kalantari, H. Zaud

Moghaddan, A., and Abdollahi, S.
37. IODINE PROTECTS SKIN AGAINST MUSTARD GAS
U Wormser', B Brodsky'.
A Sintov? and A Nyska'.
38. THE EXPERIENCE OF CONVERSION OF THE BIOTECHNOLOGY
COMPLEX IN KAZAKHSTAN: THE SCIENTIFIC AND TECHNICAL ASPECTS
Lepyoshkin, Gennady; Head
39. MASS CASUALTY MANAGEMENT IN THE EVENT OF A CHEMICAL
ACCIDENT
Mathenge, Virginia
40. EPIDEMIOLOGY AND DETECTION METHODS OF THE MOST IMPORTANT

INFECTIOUS DISEASES IN THE REPUBLIC OF MACEDONIA
Vaso T. Taleski , Sinisa Stojkoski .

Zarko Karadzovski*, Velik Grkov **
41. BIOMEDICAL SAMPLING: AN OPCW PERSPECTIVE
Brian J. Davey
42. PHYSOSTIGMINE AS A PRETREATMENT AGAINST SOMAN-

INTOXICATION UNDER STRESS CIRCUMSTANCES
Ingrid H.C.H.M. Philippens, Bas Groen.

Marloes J.A. Joosen, Raymond A.P. Vanwersch
43. METHODS FOR RETROSPECTIVE DETECTION OF EXPOSURE TO TOXIC
SCHEDULED CHEMICALS: AN OVERVIEW
D. Noort
44. NONCONVENTIONAL TERRORISM: THREAT AND COUNTERMEASURES
Col. Liaquat Ali Khan
46. IMIDAZENIL, A PROPOSED DRUG FOR THE TREATMENT OF
CONVULSIONS IN ACUTE POISONINGS WITH SOMAN
S. Rump, M. Kowalczyk, T. Gidynska.
E. Galecka and O. Antkowiak
47. PHARMA COKINETIC COMPONENT OF THE MECHANISM OF ACTION OF

DECORPORATORS.
C. Mircioiu 2, V. Voicu ", M. Ionescu '.

E. Reviu ', M. Jiquidi |, M. Olteanu * ,M. Manolache *




48. EPIDEMIOLOGICAL APPROACH OF BIOLOGICAL CRISIS CAUSED BY
CRIMINAL USE OF BACILLUS ANTHRACIS
Florin Paul, Viorel Ordeanu
49. CREATION OF MODERN SYSTEMS OF WARNING OF POPULATION AND
PERSONNEL DURING EMERGENCY AT THE SITES OF CHEMICAL WEAPONS
STORAGE AND DESTRUCTION IN RUSSIA.
Petrov V.G., Trubachyev A.V.
50. VIRUS REPRODUCTION MACROPHAGES: A COMMON FEATURE OF
VIRAL HEMORRHAGIC FEVERS
Ryabchikova E., Kolesnikova L.
52. SCANNING FLOW CYTOMETRY FOR KINETICS STUDY OF ANTIGEN-
ANTIBODY INTERACTION ON THE CELL SURFACE
Ivan V. Surovtsev?, Ivan A. Razumov ",
Alexander N. Shvalova *
53. STRUCTURE AND EFFICIENCY OF CARBAMATES AS DRUGS FOR
PROPHYLAXIS
Valerii Tonkopii
55. BIODEFENSE VACCINES: REGULATORY & MANUFACTURING ISSUES
AND CONSTRAINTS
J. Melling
57. SWISS PROTECTION EQUIPMENT TRAINING AND AVAILABILITY
GS Colonel Alessandro Centonze
58. COMPILATION OF A TRAINING CURRICULUM FOR CB DEFENSE
SPECIALIST ADVISERS FOR THE SOUTH AFRICAN NATIONAL DEFENCE

FORCE
C.M. Erasmus

59. AGROCHEMICALS: A TOXIC TERROR IN SOUTH AFRICA .
Vali Yousefi
60. THE SPANISH AUTOINJECTOR FOR NERVE AGENT ANTIDOTE
Pita R, Peral MM, Sanchez JJ, Sanz F.
Larriba CE, Castellano E, Lépez JM.
61. DECONTAMINATION OF CASUALTIES AFTER EXPOSURE TO HARMFUL
LIQUID CHEMICALS.
Sven-Ake Persson
62. EVALUATION OF METHODS FOR INTERLABORATORY COMPARISON
TESTS ON MEASUREMENTS OF CHOLINESTERASE ACTIVITY
' R. Portmann?®, U. Brodbeck® and R. Gentinetta"

63. THE SWISS WAY TO COUNTER CHEMICAL TERRORISM
Ueli Huber

64. TOWARDS A COMMON METHOD FOR MEASURING CHOLINESTERASE
ACTIVITY
Rudolf Portmann and Werner Hofmann.
65. MONITORING OF POTENTIAL HEALTH EFFECTS OF NERVE AGENT
DESTRUCTION IN SHCHUCH’YE, KURGAN OBLAST (SOUTH URAL), RUSSIAN
FEDERATION.
Robinson, St., Kaiser, R., Kiinzli, N.
Braun-Fahrlidnder, C.
66. IMMUNODETECTION OF BIOLOGICAL AGENTS BY REPERTOIRE
CLONING
Nadia Schiirch, Martin Schiitz and Mark Suter*




67. CURRENT DEVELOPMENTS IN GENE TECHNOLOGY: THE IMPACT ON
BIOLOGICAL WEAPONS
Martin Schiitz
68. CAPSAICIN IN PEPPERSPRAY - MODE OF ACTION
Wicki, A
69. MASS CASUALTY MANAGEMENT IN TURKISH PHARMACEUTICAL

INDUSTRY
Atilla Hincal, Filiz Hincal

70. THE ROLE OF DRUG AND POISON INFORMATION CENTERS IN
EMERGENCY ASSISTANCE AND PROFESSIONAL / PUBLIC EDUCATION FOR
CBW

Filiz Hincal'*, Ayce Celiker®, A. Atilla Hincal’
71. ROLE OF SERUM CHOLINESTERASE ACTIVITY IN THE TREATMENT OF
ORGANOPHOSPHATE (OP) INTOXICATION

Ozyurt G, Kahveci F, Tiirker G

72. KINETICS OF NERVE AGENT HYDROLYSIS BY A HUMAN OPAA

HYDROLASE
C.A. Broomfield!, B.C. Morris'.
D. Josse?, and P. Masson”
73. WIDE-RANGE APPLICATION OF ALTEROMONAS PROLIDASE FOR
DECONTAMINATION OF G-TYPE CHEMICAL NERVE AGENTS
Tu-chen Cheng and Joseph J. DeFrank
74. BUFORIN I, A NATURAL PEPTIDE, INHIBITS BOTULINUM TOXIN B

ACTIVITY :
Gregory E. Garcia, Deborah R. Moorad.

Bhupendra P. Doctor, and Richard K. Gordon
75. SCAVENGER PROTECTION AGAINST ORGANOPHOSPHORUS AGENTS BY
CHOLINESTERASES
B. P. Doctor, Ashima Saxena,Yacov Ashani.
David E. Lenz, and Donald M. Maxwell
76. RAPID, QUANTITATIVE, AND SIMULTANEOUS DETERMINATION OF
ACHE AND BCHE LEVELS IN UNPROCESSED WHOLE BLOOD :
Shawn R. Feaster and B.P. Doctor
77. NOVEL STRATEGY USING SYNTHETIC NUCLEIC ACIDS AND
CONVENTIONAL IMMUNOASSAYS FOR BIOLOGICAL AGENT DETECTION
Fred Stevens ' and Scott Filer *
78. POLYURETHANE FOAM LINKED MAMMALIAN CHOLINESTERASES FOR
DECONTAMINATION AND DETECTION OF OP NERVE AGENTS
Richard K. Gordon', Donald M. Maxwell®,
David Lenz?, Michelle Ross".
Keith E. LeJeune®, Alan J. Russell’.
and Bhupendra P. Doctor'
79. CHEMICAL DISASTER TRAINING FOR FIRST RESPONDERS
CDR Joseph L. Hughart
80. THE ROLE OF POISON CONTROL CENTERS AND MEDICAL
TOXICOLOGISTS IN RESPONDING TO CHEMICAL AND BIOLOGICAL
INCIDENTS.
Michael J. Kosnett
81. HISTORY AND TECHNICAL EVALUATION OF THE US BIO/TOXIN
DETECTION PROGRAM




Robert E. Boyle and Leo L. Laughlin, Jr.
83. THE DEVELOPMENT OF BOTH LABORATORY PROTOCOLS FOR
IDENTIFYING BIOTERRORIST THREAT AGENTS AND A NATIONAL
NETWORK FOR INFORMATION DISSEMINATION TO STATE PUBLIC
HEALTH LABORATORIES IN THE UNITED STATES
Kimberly Quinlan Lindsey.
Richard B. Kellogg, and Stephen A. Morse
84. CHOLINESTERASES, OXIMES, AND ORGANOPHOSPHORUS HYDROLASES
IN TANDEM CAN HYDROLYZE ORGANOPHOSPHATES
Chunyuan Luo', Ashima Saxena',
Gregory Garcia', Zoran Radic".
Palmer Taylor?, and Bhupendra P. Doctor’
85. APPLICATIONS OF AN EFFECTIVE BIOCIDAL TECHNOLOGY FOR
MEDICAL DEFENSE PURPOSES
David H. Moore
86. DIISOPROPYLFLUOROPHOSPHATE (DFP) ANTAGONISM BY
RECOMBINANT ORGANOPHOSPHORUS ACID ANHYDROLASE (OPAA)
ENCAPSULATED WITHIN STERICALLY STABILIZED LIPOSOMES (SL)
L. Petrikovics', T. C. Cheng’, D. Papahadjopoulos’,
II. K. Hong’, R. Yin?, J. J. DeFrank®.
IIL. J. Jiang',W.D. McGuinn', L. Pei'.
IV.P. Yuzapavik', T. Barcza', and J. L. Way'
87. LONG-TERM TOXIC EFFECTS: EMERGING NEW CHALLENGES TO
CHEMICAL BIOLOGICAL RISK ANALYSIS AND MEDICAL TREATMENT
STRATEGIES '
Venkat Rao
89. PRIORITIZING POTENTIAL BIOLOGICAL TERRORISM AGENTS FOR
PUBLIC HEALTH PREPAREDNESS IN THE UNITED STATES: OVERVIEW OF
EVALUATION PROCESS AND IDENTIFIED AGENTS
Lisa D. Rotz, Ali S. Khan, Scott R. Lillibridge,
Steven M. Ostroff, James M. Hughes.
90. RECOMBINANT CHOLINESTERASES: DEVELOPING AN IDEAL
BIOSCAVENGER FOR PROTECTION AGAINST ORGANOPHOSPHATE NERVE
AGENTS
Ashima Saxena', Yacov Ashani’.
Palmer Taylor', Donald M. Maxwell*.
and B.P. Doctor'
91. WMD CASUALTY PLANNING
Steven C. Spies, David L. Gray.
David C. Stark
92. ELECTRONIC SYNDROMIC SURVEILLANCE FOR BIOTERRORISM AT THE
WORLD TRADE ORGANIZATION MINISTERIAL CONFERENCE IN SEATTLE,
WASHINGTON, 2000
Tracee A. Treadwell, M. Kathleen Glynn.
Jeffery S. Duchin, Kristy O. Murray, J.A. Magnuson.
Samuel L. Groseclose, Ali S. Khan
93. ANTAGONISM OF ORGANOPHOSPHORUS LETHALITY WITH
STERICALLY STABILIZED LIPOSOMES (SL) CONTAINING RECOMBINANT
ORGANOPHOSPHORUS ACID HYDROLASE (OPH)
J.L. Way', L. Petrikovics', K. Hong °,




T. C. Cheng * 1. J. DeFrank'.
R. Yin?, L. Pei', W. D. McGuinn'.
J. Jiang', J. Cs. Jaszberenyi, P. Yuzav1k'.
T. Barcza', and D. Papahadjopoulos °.
94. EFFICACY OF OXIMES AND ADAMANTANES AGAINST SOMAN

POISONING IN MICE
Biljana Antom]evm Matej Maksimovic".

Vesna Kilibarda’, Milos P. StOJll]kOVlC',
Mirjana Nedeljkovic'.
Zoran A. Milovanovic?, Mirjana Djukic'
95. THE PROTECTIVE EFFICACY OF CALCIUM CHANNEL BLOCKERS IN

SOMAN-POISONED RATS
Silva Dobric, Slobodan R. Milovanovic

97. BIOCHEMICAL AND HISTOLOGICAL ALTERATIONS IN RATS
SUBACUTELY POISONED WITH T-2 TOXIN
Djordje Jovanovic', Snezana M. Sinovec?, Milijan Jovanovic’, Milos P. Stojilj kovic'.
Aleksandra Bocarov-Stancic®, Vesna Jacevic
99. MEMANTINE TREATMENT IMPROVES ANTIDOTAL EFFICACY OF
ATROPINE, HI-6 AND DIAZEPAM IN RATS POISONED WITH SOMAN
Milos P. Stoyljkovm Matej Maksimovic '.
Vesna Kilibarda ', Biljana Antonijevic .
Zoran A. Milovanovic ', Milan Jokanovic '.
Bogdan D. Bockovic '
100. EFFICACY OF VARIOUS CORTICOSTEROID REGIMENS IN TREATMENT
OF T-2 TOXIN ACUTE POISONING IN RATS
Milos P. Stojiljkovic', Djorde Jovanovic®.
Zoran A. Milovanovic',
Vesna Jacevic', Aleksandra Bocarov-Stancic’.
Slobodan R. Milovanovic'




Technical Agenda

Sector Chemical Aspects

Chair:

Co-Chair:

Sessions:

Sector Biological Aspects
Rudolf Portmann Chair: Barbara Price
David Moore Co-Chair: Ji-Sheng Chen
1,2,4,5,8,9,10,11, 13, 15 Sessions: 3,6, 12, 14, 16

Note: All Papers / Posters as listed in remainder of schedule show only to which block
they are assigned. Specific presentation order within the block will be determined by the
Session Chair. Numbers within the parenthesis () are abstract numbers

0930
1500
1600
1700
1830
1900
1930
2100

0700
0745
0800
0830

e 0900

e 1000
Session 1:
e 1030

Sunday 7 May 2000

Participants arrive at the assigned hotels in Spiez or the Dormitory of the AC Zentrum Spiez
Special Training Session

Special Training Session

Early registration and pick up of conference material

Buses pick up participants at the hotels in Spiez for registration

Meeting of Session chairs and co-chairs

Session chairs/co-chairs meet with their session presenters

Welcome party ""Cheese and wine"

Busses return participants to hotel

Monday 8 May 2000
Breakfast
Busses promptly leave hotel area for AC-Laboratorium Spiez
Registration and pick up of conference materials
The CBMTS III Opens
Welcome address: Dr Bernhard Brunner, Director of the AC-Laboratorium Spiez
Richard Price CBMTS Organizer
Dr. Brian Davey, Chairman's address
Introduction and Overview
Scientific Review of CBMTS - Industry I (14) Bokan, S.
Operational Review of CBMTS - Industry I (16) Orehovec, Z.
Overview of the CBMTS Meetings Davey, B.
Coffee :
Chair: Peter Eyer Co-Chair: Jiri Bajgar
_ OP Treatment: State of the art, Practical treatment, Low Dose
State of the Art Lecture: Organophosphorus Compounds and Esterases: Current Research Topics
Concerning Toxicity of and Protection Against Organophosphates. (18 ) Reiner, E.
Role of serum cholinesterase activity in the treatment of organophosphate intoxication (71)
Ozyurt, G.
The Pharmacokinetics in Healthy and OP Poisoned Subjects. (96) Jovanovic, Du.
Clinical Considerations which were Raised from the Experience Obtained in more than 300
Patients (96) Joksovic, D.
The Anticipated Organization of Medical Aid at the Battle Field (96) Vojvodic, V.
Effects of sodium bicarbonate in human organophosphate poisoning (34) Balali-Mood, M.
Simple method for more precise diagnosis and treatment of intoxication with nerve agents
poisoning (22) Bajgar, J.
New aspects on the reactivation by oximes of organophosphate-inhibited human
acetylcholinesterase in vitro (32) Worek, F.




- Assessing the Effects of Low Level Anticholinesterases (25) Scott, L.
o 1245 Lunch
Session 2: Chair: Elsa Reiner Co-Chair: Atilla Hincal
o 1345 _ Poster: AnimalTreatmentStudies, Oximes, Cholinesterase Measurement
- Toxicological and Pharmacological Studies of HI-6 (3) Dichovski, Ch.
- Efficacy of a combination of oximes and adamantanes against soman poisoning in mice (94)
Antonijevic, B.
- Search for New Neuroprotective Drugs Against Soman-Induced Central Neuropathology:
Antioxidants (26) Dorandeu, F.
- Memantine treatment improves antidotal efficacy of atropine, HI-6 and diazepam in rats
poisoned with soman. (99) Antonijevic, B.
- Quantum mechanical calculations in gas phase and polar medium and QSAR-analysis of a series
2- and 4-[hydroxi-imino)-methyl] — pyridinium derivatives. (4) Dichovski, Ch.
- Study of Chemical Stability of HI-6 by Moleculeorbital Method (15) Jukic, L
- Acetylcholinesterase and butyrylcholinesterase activity measurements in human blood by the
Ellman method: Procedure protocol and comparison with procedures suggested by other
authors (19) Simeon, V.
e 1500 Coffee
Session 3: Chair: Murray Hamilton Co-Chair: Lotfalli Haghighi

e 1530 - _ Bioterrorism: National approach
- National Public Health Preparedness and Response to Bioterrorism (82) Lillibridge, S.
- WMD Casualty Planning (91) Spies, S.
- Canada's Response to biological and chemical incidents or terrorism (9) Harwood, C.
- Bioterrorism and Australia - The Way Ahead (1) Robertson, A.G.
- Compilation of a training curriculum for CB defense specialist advisers for the South African
National Defence Force (58) Erasmus, C.
- Non-Conventional Terrorism: Threat and Countermeasures (44) Khan, L.A.
e 1730 - Bus to Hotel
e 1730 - Dinner
e 1900 - Bus to Hotel
Tuesday 9 May 2000
o 0700 Breakfast
e 0745 - Busses promptly leave hotel area for AC-Laboratorium Spiez
Session 4: Chair: Leah Scott Co-Chair: Florin Paul
e 0800 - _ OP Treatment Studies
- Physostigmine As A Pretreatment Against Soman-Intoxication Under Stress Circumstances (42)
Nieuwenhuizen, M. . _
- Effects of some reversible cholinesterase inhibitors on the reactivatability of Soman-inhibited
human erythrocyte acetylcholinesterase in vitro. (12) Zhang, Y.
- Efficacy of calcium channel blockers in soman-poisoned rats protected with atropine/HI-
6/diazepam combination (95) Dobric, S.
- Effects of Pyridostigmine (Pyr) and non Penetrative Head Injury of Neuromuscular Performance
in the Rat.(20) Moochhala, S.
- Structure and Efficiency of Carbamates as Drugs for Prophylaxis (53) Tonkopii, V.
e 0930 - Coffee
e 1000 - ACLSTour
e 1230 - Lunch
e 1330 - Blast Guard Demonstration
Session 5: Chair: Mahdi Balali-Mood Co-Chair: Cornelis Erasmus
e 1430 - _ Medical Treatment of Convulsions ; Mustard and Heavy Metal

- Imidazenil, a proposed drug for the treatment of convulsions in acute poisonings with
organophosphates (46) Kowalczyk, M.




Session 6:

Session 7:

Session 8:

1600
1630

1700

1830
1830
2000

0700
0745

0800

1000

1030

Sulfur Mustard Induced Cytokine Changes in Different Cell Cultures (31) Szinicz, L.
Prophylactic efficacy of Amifostine and its analogs against sulfur mustard intoxication. (33)
Jaiswal, D.

Iodine Protects Skin Against Mustard Gas (37) Wormser, U.

Pharmacokinetic component of the mechanism of action of decorporators (47) Mircioiu, C.
Photo

Coffee

Chair: Leo Laughlin Co-Chair: Liaquat Ali Khan

_ Toxins

"Hinge" Peptide Libraries As Inhibitors Of Botulinus Neurotoxin (8) Hamilton, M.

An Assessment of Toxins (11) Chen, JiSheng

History and Technological Evaluation of The U.S. Bio/Toxin Detection Program (81) Laughlin,
L.

Biochemical and histological alterations in rats subacutely poisoned with T-2 toxin (97)
Jovanovic, Dj.

Identifcation and Determination of Mycotoxins by HPLC in Liver (36) Kalantari, H.

Bus to Hotel

Dinner

Bus to Hotel

Wednesday 10 May 2000

Breakfast

Busses promptly leave hotel area for AC-Laboratorium Spiez

Chair: Paul Russel Co-Chair: Sven-Ake Persson

_ B-Threat and Detection

Criteria for Selection of Human, Animal and Plant Pathogens and Toxins to be Included in a List
of Biological Agents and Toxins in Relation to the BTWC (13) Bokan, S.

Virus reproduction in macrophages: a common feature of viral hemorrhagic fevers (50)
Ryabchikova, E.

Current Developments in Gene Technology: The Impact on Biological Weapons (67) Schuetz,
M.

Conversion of Biotechnology (BW) Complex in Kazahstan: Scientific and Technical. The New
Results (38) Lepeshkin, G.

Epidemiology and detection methods of the most important infectious diseases in the Republic
of Macedonia (40) Taleski, V.

Epidemiological Approach of Biological Crisis Caused by Criminal Use of Bacillus Anthracis
(48) Paul, F.

Novel Strategy Using Synthetic Nucleic Acids And Conventional Immunoassays For Biological
Agent Detection (77) Filer, S.

Coffee

Chair: Gurayten Ozyurt Co-Chair: Juli Tremblay-Lutter

_ Risk Assessment, Data Bank and Mass Casualty Management

The Role of Drug and Poison Information Centers in Emergency Assistance and
Professional / Public Education for CBW (70) Hincal, F.

Chemical Disaster Training For First Responders (79) Hughart, J.

Long-term Toxic Effects: Emerging New Challenges To Chemical Biological Risk Analysis
And Medical Treatment Strategies (87) Rao, V.

Mass Casualty management: Poison Control Centers (80) Kosnett, M.

Mass Casualty Management in the Event of a Chemical Accident (39) Mathenge, V.
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o 1230
o 1330
e 1930
e 1930
e 2100
e 0700
o 0745
Session 9:
e 0800

Session 10:

e 0930

e 1100

Session 11:

o 1130

o 1300

Session 12:

o 1400

Mass Causalty Management In Turkish Pharmaceutical Industry (69) Hincal, A.
Lunch

Buses are leaving for Excursion

Bus to Hotel

Dinner -

Bus to Hotel

Thursday 11 May 2000

Breakfast

Busses promptly leave hotel area for AC-Laboratorium Spiez

Chair: Richard Gordon Co-Chair: Urs Brodbeck

_ Riot control and Detection '

Toxicological Aspects of Events in Tbilisi on April 9, 1989 (29) Juruli, M

Capsaicin in Pepperspray - Mode of Action (68) Wicki, A

Scanning Flow Cytometry for kinetics study of antigen- antlbody interaction on the cell surtace
(52) Surovtsev, L.

Biomedical Sampling: An OPCW Perspective (20) Davey, B

Methods For Retrospective Detection Of Exposure To Toxic Scheduled Chemicals: An
Overview (43) Noort, D.

Chair: Uri Wormser Co-Chair: Valerii Tonkopii

_ Cholinesterase Determination

The determination of human erythrocyte acetylcholinesterase in a modified Ellman assay (30)
Eyer, P.

Rapid, Quantitative, and Simultaneous Determination of AChE and BChE Levels in
Unprocessed Whole Blood (76) Feaster, S.

Towards a Common Method for Measuring Cholinesterase Activity (64) Portmann, R.
Acetylcholinesterase and butyrylcholinesterase activity measurements in human blood by the
Ellman method: Procedure protocol and comparison with procedures suggested by other authors
(17) Reiner, E.

Evaluation of Methods for Interlaboratory Comparison Tests on Measurements of Cholinesterase
Activity (62) Brodbeck, U.

Coffee

Chair: Devendra Jaiswal Co-Chair: Slavomir Rump

_ Decontamination

Decontamination of casualties after exposure to harmful liquid chemicals (61) Persson, S.A.
Polyurethane Foam Linked Mammalian Cholinesterase for Decontamination and Detection of
OP Nerve Agents (78) Gordon, R.

Mass Casualty Decon and Olympic Style NBC Response Factors and Solutions for CB Related
Events (7) Eaton, D

Reactive Skin Decontaminant Lotion (6) O'Dell, P.

Polyvalent technology for decontamination of heavy equipment (45) Matousek, J.

Gloves that fit and do not tear, a novel idea (10) Laurie, E.

Lunch »

Chair: Elena Ryabchikova Co-Chair: Kim Lindsay

_ B-Agent Protection and Treatment

Applications of an Effective Biocidal Technology for Medical Defense Purposes (85) Moore, D.
Smallpox, Monkey pox, and cowpox Viruses as Sources of New Therapeutic Drugs (5 1)
Shchelkunov, S. N.

A Review of Infections among Iranian Combattants in the Iran-Iraq War (35) Haghlghl, L.
Overview of Plague Vaccine (24) Russell, P.
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Session 13:

Session 14:

Session 15:

Session 16:

1530

1600

1715

1830
1930
2000
2230

0700
0745

0800

0945

1015

Biodefense Vaccines: Regulatory and Manufacturing Issues and Constraints (55) Melling, J.
Coffee

Chair: Keith Vesely Co Chair: Michael McMillan

Poster 2 Chemical Poisoning, Tratment, Warning, Decontamination

Inhalation intoxication with sarin: relationship between sarin dose and cholinesterase inhibition
in blood (21) Bajgar, J.

Long-term effects of low level inhalation exposure of rats to sarin (23) Kassa, J.

The Spanish Armed Forces Autoinjector for Nerve Agent Antidote (60) Pita, R.

Monitoring Of Potential Health Effects Of Nerve Agent Destruction In Shchuch'ye, Kurgan
Oblast (South Ural), Russian Federation (65) Robinson, S.

Minimizing the Ecological Consequences of Chemical Agent Destruction (88) Chaika,Y.

Riot control agents and the CWC and potential CW-threats in the 21 century (54) Matousek, J.

Creation of modern systems of warning of population and personnel during emergency at the
sites of chemical weapons storage and destruction in Russia (49) Petrov, V.

On The Old Military "Heritage" In Georgia (28) Juruli, M.

Cholinesterases, Oximes, and OP Hydrolases in Tandem can Hydrolyze Organophosphates (84)
Doctor, B.

Chair:Lisa Rotz Co Chair: Maarten Nieuwenhuizen

_ Poster 3 B-Agents and Terrorism

The Swiss Approach to Conteract Chemical Terrorism. (63) Huber, U.

Detection and early warning for terrorist CW-attacks (98) Matousek, J.

Infectious diseases trends during 3 years after the war in Croatia (1996-1998) (5) Gotovac, P.
Risk assessment of Agrochemicals to be used by Terrorists (59) Yousefi, V.
Immunodetection Of Biological Agents By Repertoire Cloning (66) Schuerch, N.

Buforin I, a natural peptide, inhibits Botulinum toxin B activity ??? (74) Doctor, B.

Efficacy of various corticosteroid regimens in treatment of acute T-2 toxin poisoning in rats.
(100) Jovanovic, Dj.

Bus to Hotel

Bus Pick up

Symposium Dinner

Bus to Hotel

Friday 12 May 2000
Breakfast
Busses promptly leave hotel area for AC-Laboratorium Spiez
Chair: Bhupandra Doctor Co-Chair: Yongxiang Zhang
_ Bioscavenger : : :
Kinetics of Nerve Agent Hydrolysis by a Human OPAA Hydrolase (72) Broomfield, C.
Antagonism of Organophosphorous Lethality with Sterically Stabilized Liposomes (SI)
Containing Recombinant Organophosphorus Acid Hydrolase (OPH) (93) Way, J.
Recombinant Cholinesterases: Developing an Ideal Bioscavenger for Protection against
Organophosphate Nerve Agents (90) Saxena, A.
Scavenger Protection Against Organophosphorus Agents By Cholinesterases (75) Doctor, B.
Wide Range Application of Alteromonas Prolidase for Decontamination of G-Type Chemical
Nerve Agents (73) Cheng, T-C.
Diisopropylfluorophosphate (DFP) Antagonism by Recombinant Organophosphorus Acid
Anhydrolase (OPAA) Encapsulated within Sterically Stabilized Liposomes (SL) (86)
Petrikovoics, 1.
Coffee
Chair: Ladislaw Szinicz Co-Chair: Andrew Robertson
_ Terror
Swiss Protection Equipment Training and Availability (57) Centonze, A.
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1200
1300
1400
1430
1530

1800 -

1900

0700

Communication in the Heat of a Crisis - The Crucial Element for Effective Crisis Decision
Making (2) Santana, G.

Prioritizing Potential Biological Terrorism Agents for Public Health Preparedness in the United
States: Overview of Evaluation Process and Identified Agents (89) Rotz, L.

The Development of Both Laboratory Protocols for Identifying Bioterrorist Threat Agents and A
National Network for Information Dissemination to State Public Health Laboratories In the
United States (83) Lindsey, K.Q.

Risk Assessment of Bioterrorism (56) Baumberger, Ch.

Electronic Syndromic Surveillance for Bioterrorism at the World Trade Organization Ministerial
Conference in Seattle, Washington, 2000 (92) Treadwell, T.

Lunch

Session Report

Coffee

Future and Closing

Bus to Hotel

Dinner

Bus to Hotel

Saturday 13 May 2000

Breakfast




SUMMARY OF SESSIONS

SESSION 1
by Peter Eyer

E. Reiner gave an overview on the current research topics concerned with esterases and OP compounds. She
addressed basic and applied sciences as well with regard to the influence of allosteric modulators on inhibition.
ageing and reactivation of serine esterases.

Pertinent questions:

Is there a “backdoor” for products to leave the active site of AChE in the deep bottom of the gorge?

Which amino acid residues contribute to stabilization of the Michaelis complex between enzyme and OP and
between inhibited enzyme and reactivator? Which molecular features influence the ageing process? Which factors
influence the fate of the phosphyloximes? How is the catalytic machinery of the phosphotriesterases composed?
Waiting for the 3-D structure! What are the sequences of reactions/events following ageing of NTE and resulting in
long axon degeneration?

M. Balali-Mood presented results of a study aimed at investigating the effects of extra sodium bicarbonate infusion
(beyond correction of acidosis) resulting in weak alkalinization (pH 7.47) on the outcome of OP-poisoned patients
which all received atropine therapy (matched control group).

While there was the impression of some benefits of bicarbonate therapy (1 vs 3 deaths), statistically significant
differences were not established yet. Due to the low costs of bicarbonate therapy the study will be extended to
include additional patients with even more intensive alkalinization (aim pH 7.5 to 7.55).

1. Bajgar presented a study anticipated to identify the underlying nerve agent in the case of erythrocyte-AChE
inhibition.

The method makes use of the different ageing half-lives of phosphonylated AChE as revealed by the reactivatability
in vitro, e.g. in the presence of 50 _M trimedoxime. Since the method determines the reactivation in whole blood.
reactivatability may be underestimated due to phosphonyloxime formation.

E. Worek presented results on reactivation experiments in vitro by oximes of sarin-inhibited blood esterases.

It became clear that any effective reactivation by oximes of plasma BChE generates additional phosphonyloximes
that may re-inhibit AchE. Hence, a good reactivator of AchE should be quite ineffective towards BChE. Moreover.
it appears that, in contrast to other 2-aldoximes such as HI 6, 2-PAM forms quite stable phosphyloximes. Thus
effective reactivation by 2-PAM of inhibited AChE at physiological (high) concentrations may be thwarted.

L. Scott demonstrated a highly advanced approach to follow subtle behavioural and electrophysiological changes
upon low-dose exposure towards OPs.

It appears that sign-free exposure of non-human primates towards sarin was without any significant effects on EEG
or cognitive functions. The model seems to be suitable for studying potential long term effects of other compounds
of interest, and additional biologically relevant indices can be incorporated.

POSTER SESSION 1
by Elsa Reiner
Atilla Henical

This session included animal treatment studies of oximes. Three posters (Abstracts 3,4 and 15) were not displayed
because the authors cancelled their participation. The authors in this session gave brief platform presentations of
their posters while the discussions took place in the poster area. This part of the session was extremely lively. very
stimulating for further work and a most obvious confirmation that poster presentations should be organized in that
way.

SESSION 3. BIOTERRORISM: A NATIONAL APPROACH
Chair: Dr. Murray Hamilton
Co-Chair: Dr. Lotfalli Haghighi




Col. Khan from Pakistan opened the session with a presentation detailing the characteristics of modern
terrorists as they have moved away from large organizations toward smaller but more focussed groups. He suggested
that nuclear biological and chemical attacks were within the wherewithal of these technically rather sophisticated
organzations. The response of the national authorities should be organized around ensuring that there exists in each
country sufficient stockpiles of vaccines, antidotes and therapeutic drugs to handle at least one “worst case”
scenario.

During the question period Col Khan was asked if he really thought a nuclear attack was within the abilities
of terrorists. He allowed that although it may not be likely, but it was still possible albeit with difficulty.

Following Col Khan’s presentation, Dr. Cornelis Ersamus provided an overview of a curriculum aimed at
teaching individuals in the basics of responding to CB attacks. Two factors that Dr. Erasmus stressed were:
academic level of the training, which he determined was best set at the advanced high school level (Grade 12). The
second ingredient that Dr. Erasmus indicated was very important is an understanding, at least in the rudimentary
sense, of organic chemistry. The curriculum he developed contains about 12 hours of introductory organic
chemistry, which greatly increased the trainee’s appreciation of the problems associated with responding to a CB
incident. The curriculum developed into a three week (8 x 40 min /day 5 days a week for 20 days) course which was
trialed successfully in October of 1999. Future developments will include expanding the integration of biological
agents within the different sections of the curriculum and perhaps offering this course in cooperation or
collaboration of other countries, particularly those in the region of South Africa.

Dr. Colin Harwood then presented the actions and responsibilities that could be expected from of Health
Canada (HC). Dr. Harwood is essentially designing the program at HC de novo and stressed that the CB aspects are
only now beginning with the establishment of a committee of experts from the medical community, but outside the
NBC field, to advise on appropriate response strategies. He stressed that HCs response would consist of two major
factors: advice and training to the provincial and local first responders/planners and provision of medical supplies
from first aid triage packages right up to 200 bed hospitals “in-a-box”. One further area of concern, as expressed in
Col Khan's talk, was the uninterrupted supply of adequate and the possible (probable) lack of appropriate
drug/vaccine stockpiles. This, it appears, is a concern that is rapidly achieving a much higher profile that earlier.

Dr. Tracey Treadwell graciously agreed to substitute for Dr. Scott Lillibridge and report on the plans within
CDC to prepare for potential CB attacks. Dr. Treadwell described how the budget for national preparedness of
~121M was distributed among various state and municipal governments. The program was essentially divided into
two areas: drug and medicine stockpiles and devices. The monies for this program are well distributed among the
states and the programs are underway. The imminent WMD trial “top-off”” should go a long way to validating the
national preparadness in the U.S.

The next presentation came from Mr. Steven Spies of EAI corporation, a company that trains WMD

* counter-terrorism and develops plans fro responding to CB threats. He listed some potential difficulties terrorists

might encounter in attempting to mount a CB attack including: 1. Variations in biological strain potency/infectivity:
2. Not all WMD are easy to obtain; 3. Transport, weaponization and storage are problematic; 4. Effective
dissemination is difficult; but 5. Some common chemicals are also WMDs. He then listed the 4 triage categories that
will be encountered and then showed projections that could be expected from a reasonably successful attack (50%
dissemination efficiency: ~1-15% require ACLS; ~5-25% are non-emergency but will require treatment; 3. ~50-
90% will not require medical intervention; and 4. ~ about 1-5% are dead or will die). Planning around and predicting
these types of scenarios is the training goal for first responders.

Dr. Andrew Robertson finished the session with an overview of the Australian readiness and response
planning. He made the point early on that Australia has had its fair share of terrorist incidences and indeed needed to
update its SOPs. An important observation is that, although the number of terrorist incidences has declined in recent
years (from a high of ~600 in 1988 to <200 in 1998) the lethality (some might say effectiveness) of the individual
attacks has increased. The Australian model is based on information gathering, counter-acquisition, passive
protection and consequence management. The fact that Dr. Robertson’s presentation was in fact an excellent
summary of the previous 5 talks, clearly indicated that all countries are concerned and thinking in the same manner.
Whether this is a good thing or not remains to be seen.

SESSION 4: OP TREATMENT STUDIES

Chair: Leah Scott Co-chair: Florin Paul

1. 1. Phillipens: presented a summary of a number of guinea pig studies which investigated whether a range of
stressors influenced a) the effects of pretreatment involving physostigmine and b) the effectiveness of such
pretreatment in protecting against soman - induced clinical signs and lethality. Cortisol levels were monitored during




the studies and although the biochemical analysis of ChE inhibitor are incomplete, it was suggested that stressors
induced adverse behavioral effects in pretreated animals and that protective efficacy was compromised. A number of
possible mechanisms were proposed and discussed. It was clear that further studies are required to elucidate the
impact of stress on medical countermeasures for nerve agent poisoning.

2. W. Zhou: described in vitro studies involving cholinolytic drugs and oximes. Five compounds with different
profiles of human erythrocyte acetylcholinesterase inhibition were investigated. Unlike the oximes, toxogonin and
HI-6, these compounds did not, by themselves reactivate acetylcholinesterase inhibited by soman. The results
confirmed that, if added at the start of aging, reversible cholinestherase inhibitors increased the portion of
acetylcholinesterase reactivatible by the oximes. There was discussion about the mechanisms concerned and related
work.

3. V. Tonkopii: discussed the effectiveness of a series of familiar and less familiar carbamates as pretreatment for
nerve agent poisoning in vivo. He indicated the historical background and a number of key issues including the
importance of selection of animal species for such studies and the complex mix of factors which influence the
effectiveness of individual carbamates. It was noted that for example some compounds could inadvertly enhance
nerve agent toxicity. The potential mechanism of action was discussed at length. There were particular concerns
about the time scales and juxtaposition of reversible and irreversible acetylcholinesterase inhibition.

SESSION 5: MEDICAL TREATMENT OF CONVULSIONS - MUSTARD AND HEAVY METALS
Chair: Prof. Mahdi Balali-Mood
Co-chair: Dr Cornelis M. Erasmus

Imidazenil, a Proposed Drug for the Treatment of Convulsions in Acute Poisonings with Soman (46) presented by
Prof S. Rump (on behalf of M. Cowalczyk).

Prof. Rump first pointed out the side effects of benzodiazepines, and in particular, diazepam as anti-convulsant. and
then introduced imidazenil as the ideal drug for the management of OP-induced convulsions. The anti-convulsant
effects of imidazenil were studied on mice, using a convulsometer and on rats, using electroencephalographic
(EEG) techniques.The antilethal efficacy of imidazenil was examined on mice with the standard therapy of atropine
and HI - 6, by means of LDs, determinations of soman. It was concluded that imidazenil in a dose of 2 mg/kg
blocked soman induced convulsions, and increased the anti-lethal effectiveness of atropine and HI - 6 in poisonings
of mice with soman.

Sulphur Mustard Induced Cytokine Changes in Different Cell Cultures (31) presented by Dr L. Szinics

Dr Szinics pointed out that although the role of inflammatory cytokine released after chemical injury is well known.
the respective effects of sulphur mustard (SM) are not well known. Thus the release of cytokines during the first 8
hours after SM exposure was investigated in human leukocytes and in two permanent, related cell lines (SCL II and
HaCaT). The data indicate HaCaT cells to be a more appropriate model for the study of SM effects in keratinocytes
compared to SCL II cells.

Prophylactic Efficacy of Amifostine and its Analogs Against Sulphur Mustard Intoxication (33) presented by Dr D.
Jaiswal. ) :

Dr Jaiswal pointed out that, despite research over the last several decades, no satisfactory prophylactic for the
treatment regimen has evolved for sulphur mustard. He introduced Amifostine and its analogs as prophylactic agents
for SM poisoning. The study was performed in mice by intraperitoneal administration of the compounds 30 minutes
prior to the application of SM. It was found that Amifostine and one of its analogs, DRDE-07, gave significant
protection.

Iodine Protects Skin Against Mustard Gas (37) presented by Dr U. Wormser

Dr Wormser carried out a prolonged study on the therapeutic effects of iodine at 15, 30, 45, and 60 minutes after SM
exposure, based on clinical and pathological investigations on guinea pig skin. Gross pathology analysis showed a
strong protective effect at intervals of 15 and 30 minutes, and to a lesser extent at 45 and 60 minutes. He concluded
that the iodine preparation is a potential antidote against skin lesions induced by SM. The iodine preparation was not
explained.

Pharmacokinetic Component of the Mechanism of Action of Decorporators (47) presented by Dr C. Mircioiu
Dr Mircioiu presented the pharmacokinetics of calcium edetate after single i.v., i.m. and oral administration. and
after multiple i.m. administration in healthy volunteers. The pharmacokinetic model appeared to be




.

bicompartmental, in spite of the fact that the ion could not leave the central compartment. The study was then
extended to total edetates, including Ca, Zn and Cu complexes. It was concluded that the system was generally
unstable owing to high ionic strength, but was potentially more biodisposable, as was revealed by an increased skin
transfer face to solutions of the same chelators.

SESSION 6: TOXINS
Dr. L. L. Laughlin

This short session included only three papers.

I discussed selected US BW Agent detection technologies from an historical perspective; these included
spectroscopic methods, staining techniques, particulate methods including fluorescent and radioactive antibodies.
chemiluminescence and Mass Spectrometry. The initial problems identified in the methods discussed still persist:
sensitivity, time for detection/identification, and specificity of the methodology.

Professor Chen from China provided an assessment of toxins that clearly indicated that that there are far more toxins
of concern than are currently listed in the Chemical or Biological & Toxins Weapons Conventions. He described a
number of factors to assess the threat from toxins: the problems associated with medical treatments, the inherent
toxicities of the materials, their molecular weights and chemical structures, and the origins of the various toxins.
including both peptide and non-peptide toxins. All of these have a significant impact on medical treatment of
intoxications.

Dr. Hamilton, from Canada, explained how botulinum toxins inhibited acetylcholine release by cleaving presynaptic
membrane proteins necessary for exocytosis of the neurotransmitter acetylcholine. Then he described his group’s
work using a model peptide that contains a cleavage site as a substrate for peptide library screening. The library was
prepared by combinatorial synthesis and the peptides contained a novel “hinge” section that allowed the peptide
sequence to fold back on itself for better fit into the binding site. The peptides were screened to identify inhibitors
to botulinum toxin. Specific libraries that contained a repeating sequence (probably the binding recognition site) did
inhibit botulinum toxin. The ultimate aim is to develop and identify from combinatorial synthesis novel proteins
that can be used to treat botulinum intoxication.

SESSION 7: B-THREAT AND DETECTION

Session Chair; Paul Russell Session Co-Chair: Sven-Ake Persson

Speakers: Slavko Bokan: Criteria for Selection of Human, Animal and Plant Pathogens and Toxins to be Included
in a List of Biological Agents and Toxins in Relation to the BTWC

Elena Ryabchikova: Virus reproduction in Macrophages: A Common Feature of Viral Haemorrhagic Fevers

Martin Schutz: Current Developments in Gene technology: The Impact on Biological Weapons

Vaso Taleski: Epidemiology and Detection Methods of the Most Important Infectious Diseases in the Republic of
Macedonia

Florin Paul: Epidemiological Approach to Biological Crisis Caused by Criminal Use of Bacillus anthracis The main
theme of the session was identifying infectious diseases and toxins as candidate biological warfare agents and
techniques to assist diagnosis of both natural disease outbreaks and biological warfare agent otbreaks.

In the first instance criteria based on biological and physical properties of pathogens and toxins such as infectivity.
lethality, transmissability, disseminability and weaponisation were discussed as tools for identifying candidate
biological warfare agents against human, animal and plant targets. A scoring mechanism was used to create a threat
list which largely concurred with agents listed in the BTWC. A question raised the issue of whether arthropod
vectors should be included.

In identifying disease outbreaks, some examples of recent emerging and re-emerging infections were highlighted
with particular reference to Macedonia and the recent refugee crisis arising from the Balkan crisis. The use of rapid
PCR and light cycler were mentioned as a rapid means of diagnosing a disease outbreak. The use of genetic ‘
techniques for rapid identification and epidemiology was discussed using Swiss studies of army training areas as an
example. The dual use of these techniques was highlighted and the fact that recombinant gene research had
increased dramatically over the last 15 years. Although most research efforts are laudable, the less ethical use of the
technology and information derived from human genome programme should be considered. The best means of
preventing such research would be through the BWTC and honesty in such fora as the CBMTS meetings.

.




Direct epidemiological studies were discussed as a means of identifying a disease outbreak due to the dissemination
of a biological weapon, using anthrax as an example. The epidemiological curve, with casualty numbers and
fatalities were presented and the current medical countermeasures to anthrax were shown.

The role of macrophages in viral haemorrhagic fevers(VHFs) was presented, indicating that most viruses causing
VHF are able to multiply within these cells. Viral replication in macrophages is seen in both animal models and
humans, but some animal models, such as the guinea pig and monkey species, do not show haemorrhagic rash.
Haemorrhagic rash, and bleeding, however, were seen in the baboon model.

SESSION 8: RISK ASSESMENT, DATA BANK AND MASS CASUALTY MANAGEMENT

Chair: Gurayten Ozyurt Co Chair: JulieTremblay- Lutter

The Role of Drug and Poison Information Center in Emergency Assistance and Professional/ Public

Education for CBW

Presenter: F HINCAL

Drug and Poison information Centers may well be linkage of medical institutions, military groups, police forces.
civil defense personnel and public transportation system in the mass casualty management,

Chemical Disaster Training for first Responder

Presenter: JL HUGHART ‘ '

The developing database consists of information about chemical disaster to be encountered by first responders:
military men or women, disaster assessment teams, police officers, firemen and emergency medical technicians was
introduced. It has key words as DISASTER, ASSESSMENT and ASSISTANCE.

Long Term Toxic Effects: Emerging New Challenges to Chemical Biological Risk Analysis and Medical Treatment
Strategies

Presenter: V RAO

The understanding the long-term toxic effects of environmental toxicants and example data sets from DYNCORP
Project covering civilian and military risk management are presented

The Role of Poison Control Centers and Medical Toxicologists in Responding to Chemical and Biological Incidents
Presenter: MJ KOSNET

In the event of CB incident, Poison Centers can provide the key services: a) Centralized communication to hospital
emergency department b) assistance of antidote and related emergency medical supplies, ¢) communication of
information to the general public either through the media or coming telephone calls.

Mass Casualty Management in the event of Chemical Accident

Presenter: V MATHENGE"

Industrial accidents are becoming a common feature in the process of industrial development. The proactive action
that would prevent the hazards of these factories brought by natural and human induction, was introduced.

Mass Casualty Management in Turkish Pharmaceutical Industry

Presenter: A Hincal

The Mass Casualty Management programs and preparation for Pharmaceutical Industry which is mainly located in
Istanbul, Turkey, and their risk management approaches were introduced.

SESSION 9 RIOT CONTROL AND DETECTION
Chair: Richard Gordon
Co-Chair: Urs Brodbeck

Speaker 1 B. Davey “Biomedical Sampling: An OPCW Perspective

Dr. Davey (OPCW) pointed out that the convention states that biomedical sampling is possible and permitted. but
that little is currently being done. This means that the accreditation for the labs for environmental samples is
.established, but has not to date been done for labs performing biomedical sampling. Biomedical sampling should go
to labs according to the current procedure for other samples (eg environmental, including random selection of 3/12
labs). On a more positive note, OPCW associated labs will be prepared for reception and handling of biomedical
samples in September of 2000.

Speaker 2 D. Noort “ Methods for Retrospective Detection of exposure to Toxic Scheduled Chemicals: an
overview”

Dr. Noort demonstrated their laboratory reason for diagnosis of adduct agents for retrospect detection. rather than
metabolites. For instance, after sulfur mustard exposure, the urine metabolites last for only a few days. But adducts.




on the other hand, are persistent for 60-80 days (up to 94 days with higher doses). For nerve agents, 30% BChE
inhibition is restored in 20 days, so the cholinesterase assay is useless after that time period. In contrast. fluoride
induced reactivation (.25M, 15 min) with OP inhibited samples can give an indication of the OP 60 days later after
the exposure due to adducts with the enzyme and possibly other serum proteins.

A lively discussion resulted. Some questions and comments posed were that there is a large instrument requirement.
i.e., a mass/spec. The KF reversal procedure would not be applicable to soman adducts since they age. There was
agreement that the best applicable methods should be established and standardized upon by the different groups who

would perform adduct analysis.

Speaker 3 M. Juruli. “Toxicological Aspects of Events in Thilisi on April 9, 1989
This paper was presented for authors who were not in attendance. Dr. Juruli concluded that due to the neurological
activity and pathology indications of severe to moderately affected individuals during the Tbilisi incident. these

people should be more closely followed in the future.

All questions were referred to the original authors by mail.
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Speaker 4 I. Surovtsev “Scanning flow cytometry for kinetic study of antigen-antibody interaction on the cell
surface”

Ivan described the scanning flow cytometry system and contrasted the system with conventional flow cytometry. He
also presented his mathematical model for the analysis of Ab/Ag and cell surface interactions. He demonstrated that
more information man be obtained by evaluating the interactions kinetically rather than at steady state. He showed
traces of several systems, including two strains of E. coli. There was a lot of discussion on his last slide where he
showed probability on the y-axis. The probability numbers were small (x10", and it was difficult to correlate the
values with a physical parameter (binding constants between antigen and antibody on the surface of cells).

Speaker 5 A. Wicki “Capsaicin in Petterspray — Mode of Action”

A very in-depth background was presented on pepper spray. Pepper spray is available in almost every store. and in
Germany it is available only for use against animals. (This brought up the question at the end as to whether pepper
spray should be regulated as a drug rather than available “over the counter”.) Strangely, pepper spray contains no
pepper, rather the chili component, capsicum sp. He also pointed out that all the information to make pepper sprays
(and more) is readily available on the internet. The major ingredients of the spray excites certain ion channels that
can produce neuronal toxicity, but the events are poorly understood.

Conclusions

The overall message from this session was that both innocent control of civilians (such as pepper spray or the events
that occurred at Thilisi) as well as more threatening events (such as the Japan Tokyo incident that used impure sarin)
require techniques to identify the toxic chemical agents used. Furthermore, a better understanding of the mechanism
of action of the agents would provide a means to detect the agents better, and determine those agents that are indeed
toxic. Most important, the standardization of the methodology to identify post-exposure to agents (biomedical
samples) would provide the means to better enforce the Chemical Weapons Convention.

SESSION 10: CHOLINESTERASE DETERMINATION
Chair: Uri Wormser
Co-chair: Valerii Tonkopii

The estimation of activity of ChEs is a good mean for indication of pesticide intoxication in occupational
health and therapeutic monitoring of various neurological diseases.
Determination of cholinesterase (ChE) is also a crucial factor in detection and monitoring exposure of humans to
organophosphates and carbamates. Much effort has been invested in developing appropriate analysis that can simply
and reliably determine ChE. The present session discussed the recent advances in this area. Dr. Eyer presented an
improved method that, in addition of being easily performed, it gives reliable results down to 3% residual activity.
Dr. Feaster demonstrated a new and accurate method for simultaneous determination of blood concentrations of both
Acetyl and Butyryl ChE. This method was successfully employed in screening 320 blood samples in one four-hour
time interval. Dr. Portmann discussed the reasons for the relatively high variations in Butyryt ChE levels obtained
in different laboratories. He discussed several important technical improvements like the use of detergent and the
loss of hydrocyanic acid in the reagent mixture. Dr. Simeon-Rudolf Described a simple method for Acetyl and
Butyryl ChE using colorimetric method and DTNB for thiol groups determination. Dr. Brodbeck compared Acety!
and butyryl ChE levels in blood taken from capillary (finger) and from venous blood. He also tested the effect of
different detergent on these enzymatic activities.

Thus, the session was important methodological step towards a common accepted methods, which may be
applied in practice.

SESSION 11: DECONTAMINATION
Chair : Dr. Devendra K. Jaiswal (India)
Co-chair : Professor Slavomir Rump (Poland)

Decontamination plays a vital role in defence against toxic chemicals including chemical warfare agents. It is a

process of conversion of the toxic chemicals into non-toxic or harmless substances by physical, chemical or
biochemical methods, depending on the nature and type of contamination and surface on which it is dispersed.
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The research & development in NBC defence obviously includes decontamination as an important area of work.
The session had six research papers from distinguished scientists and technologists giving a wide spectrum of
information on new developments on materials, methods and technologies for decontamination.

The decontamination of mass casualties after exposure to harmful liquid chemicals can be quite important in several
situations particularly in an industrial accident. The casualties with traumatic injuries and exposure to toxic
chemicals will create problems with regard to transportation, decontamination and medical treatment. Dr. Persson
from FAO, Sweden in his paper on "Decontamination of casualties after exposure to harmful liquid chemicals”
highlighted these aspects.

The Polyurethane foam linked mammalian cholinesterase for decontamination and detection of OP Nerve agents
was an interesting development reported by Dr. Gordon et al from Walter Reed Army Institute of Research. U.S.
Army Medical Research Institute of Chemical Defence, Aberdeen proving Ground and Centre for Biotechnology
and Bioengeering, USA. It involves a bioscavenger approach to the protection against OP toxicity. A sponge
product composed of ChEs, oximes and polyurethane developed for removal and decontamination of OP compounds
from medically important surfaces such as skin and wounds. It can also act as a biosensor for detection of OPs.

Dr. Raton from Ervi Aerospace Canada Ltd. discussed large scale mass decontamination and special event planning
criteria for special international events based on Canadian Aqueous System for Chemical, Biological and
Radiological Decontamination (CASCAD) system and Canadian model. The CASCAD and its integrated family of
COLPRO, Blast Guard and RSDL have been integrated into the response system to provide the latest decon
technology available to counter any threat. The performance data for the system is based on extensive testing by
DRES, DPG and TNO.

Recent and Planned Research to extend and further validate RSDL as a broad spectrum personal decontamination
system for BCW agent decontamination had been studied by Dr. Philip O'Dell from O'Dell Engineering Ltd.
Canada. The Reactive Skin Decontamination Lotion (RSDL) has been fielded in a number of countries for C agent
protection of personnel. It is also useful for BW agent decontamination and for riot agent removal. Recent and
Planned Research to extend further to validate RSDL as a broad spectrum personal decontamination system for
BCW agent decontamination was described with the reports on the recent and planned testing studies in these areas.

Several decontamination systems have been incorporated in a Czech-made decontamination vehicle ST mounted on
the undercarriage TATRA 815 for effective decontamination of heavy equipment based on either hot gases or wet
processes using various solutions or emulsions. This development comes from Institute of Environmental Chemistry
and Technology, Czech Republic. However, this paper was not presented as the authors Dr. J. Matouska and co
workers could not make it to attend the conference.

The Acton International Ltd in conjunction with Defence Research Establishment, Suffield, Canada have made an
useful development of new Chemical and Biological (CB) moulded gloves with far better tear resistance and
physical properties and have very appropriately entitled that research paper as "Gloves that fit and do not tear. A
novel idea". Major E. Lauri in his presentation highlighted the general composition of the material used in such
gloves and highlighted its advantages of the new product.

SESSION 12: B-AGENT PROTECTION AND TREATMENT

The session was devoted to discussion of B-agent Protection and Treatment. Only small part of this huge
field may be discussed in any meeting, and the reports presented in this session were related to several events.

Dr. D. Moore presented new promising biocidal resin Triosyn, characterizing by high potential of
microorganisms destruction and simplicity, and convenience in practical application. The resin represents new
approach to usage of iodine abilities to kill various microorganisms.

Dr. E. Ryabchikova presented current situation of smallpox researches, and proposed plan of variola virus
studies in SRC VB “Vector” (Russia).

Prof. L. Haghighi’s topic was related to analysis of the infections among Iranian troops during Iran-Iraq
war. Isolated agents were identified and their biological properties were examined. Resistance of the selected
microorganisms to antibiotics was evaluated.

Dr. P. Russel’s presentation gave an overview of plague vaccine history, current situation and main
directions for future. Plague is still dangerous disease requiring attention of epidemiologists and development of
new modern vaccines. Modern approaches were discussed in the report.




The session was completed by Dr. J. Melling, who presented common principles of biodefense
vaccinology. Biodefense vaccines are a special kind of vaccines, however, they should correspond to requirements
for vaccines destined to public health. The report summarized general problems of biodefense vaccinology.

Taken together, the session paid attention to the most significant problems of B-agent protection and
treatment.

SESSION 13, POSTER 2.

Poster Session 13, Chemical Poisoning, Treatment, Warning, Decontamination, was chaired by Keith Vesely and
co-chaired by Michael McMillan and consisted of eight diverse poster presentations. Topics included: antidote
delivery systems; effects of low-level inhaled sarin; development of adequate warning systems and risk assessment
procedures in and around chemical demilitarization sites; present and future treatments for chemical warfare agents:
and examination of mycotoxin levels in feed and animal livers.

Rene Pita explained the functioning, manufacturing process and technical characteristics of Spanish Armed Forces
autoinjectors. New directions will include: replacing 1 ml syringes with 2 ml syringes; introducing HI-6
autoinjectors (research and development of two-chambered autoinjectors); research and development of combination
atropine, oxime and anticonvulsant autoinjectors; and possibility of formulating autoinjectors with other drugs.

Jiri Bajger reported on a study examining the effects of sublethal concentrations of inhaled sarin on
acetylcholinesterase activity in rats. Two relationships (i.e., sarin concentration vs. acetylcholinesterase activity and
duration of exposure vs. acetylcholinesterase activity) were found to be linear. Results suggested that at low
concentrations, acetylcholinesterase in blood is “titrated” by sarin. Acetylcholinesterase in the blood appears to be
is a very sensitive marker for diagnosis of inhalation exposure to low concentrations of sarin.

Jiri Kassa described the long-term effects of low-level sarin inhalation in rats. Non-convulsive symptomatic levels
of sarin can cause subtle long-term signs of neurotoxicity and immunotoxicity. When given repeatedly, clinically
asymptomatic concentrations of sarin are also able to cause subtle, long-term signs of neurotoxicity. These sarin-
induced long-term signs of neurotoxicity may be caused by mechanism(s) separate from the cholinergic nervous
system.

Vadim Petrov described the need to replace obsolete warning systems to properly warn personnel at chemical
warfare storage facilities as well as surrounding populations. Successful functioning of the plant for chemical
warfare agent destruction in Russia will require the creation of updated security systems with the use of modern
poison substances analysis methods, modern computer technologies and means of communication.

Manana Juruli evaluated the health risk of the “old military west” in Georgia. To prevent human health against
harmful impact of hazardous uncontrolled chemical waste, risk assessments of located contaminated sites must be
provided and the national legal instruments related to chemical management must be improved.

Ashima Saxena presented work establishing a relationship between ligand-induced acceleration of
acetylcholinesterase reactivation and phosphoryloxime inhibition of the reactivated enzyme. Results suggest that
cholinesterases, oximes and organophosphorus hydrolases can work in tandem to hydrolyze or inactivate
organophosphorus compounds in vitro and in vivo.

Heyballah Kalantari presented a study designed to determine the extent of contamination of mixed feed by
mycotoxin and the subsequent presence of the toxin in livers of poultry fed the contaminated feed. Results of the

-study showed alfatoxin contamination was present but that the levels were safe. Production of mycotoxins may he

accelerated by improper production and handling of feeds.

Gurayten Ozyurt described the role of serum cholinesterase and the Namba classification in diagnosing and
managing organophosphorus intoxication in humans. Clinical appearance was found to be more important than
serum cholinesterase levels in determining when to cease antidotal therapy, because it will take at least 4-6 weeks
the enzyme to return to normal levels. In fact, some patients may have low serum cholinesterase activity without
any symptoms.

9.




SESSION 14: POSTER SESSION 3: BIOLOGICAL AGENTS AND TERRORISM
Chair: Lisa Rotz

Co-Chair: Maarten Nieuwenhuizen

Poster Presenters: U. Huber, V. Yousefi, N. Schiirch, R. Gordon, Dj. Jovanovic, and

S. Filer

In this session, the authors presenting posters in session 3B began with a brief oral presentation of their posters
before moving into the poster viewing room to answer questions. The posters in this session addressed a variety of
subjects from policy approaches to combating chemical terrorism to specific methods for detection and early
warning for chemical and biological agents. In addition, research projects that evaluated countermeasures for
botulinum toxin B and T-2 mycotoxin were presented.

Huber described the work of a working group assigned by the Switzerland national board for NC protection
determined the low probability for chemical terrorism did not justify maintaining their population under continuous
alert. Their recommendations were to maintain the required regulations and safeguards that are in place for general
industrial chemical accidents and assure that the responsible industrial officials maintain their own response
capabilities. In addition, a national team of 50 experts from the AC-Laboratorium in Spiez would be available at all
times for rapid deployment and consultation to these industrial response teams if needed. In addition, stores of
atropine for the treatment of nerve agents would be held among others at the AC-Laboratorium for rapid deployment
if required. Discussion regarding the rapidity of response took place. The expert team would be expected to be
onsite of any chemical disaster in Switzerland if requested within 2 hours. The observation was made that the
problems and approaches for responding to chemical terrorism seem to be similar for various countries. Discussion
occurred regarding the necessity of each country developing their own solutions, or could a common response
template be developed that may then be used by several countries.

Research regarding the development of a detection method for biological agents and toxins using monoclonal
antibodies was discussed by Schiirch et al.. The authors of this poster “immunized rabbits using an attenuated strain
of F. tularensis or used a semisynthetic method to develop antibody libraries. The semisynthetic libraries used
mRNA converted to DNA then random recombination of heavy and light chains to develop a large library of
antibody DNA. These were then introduced into plasmids and packaged by bacteriophage which were then used to
introduce the DNA into E. coli for expression. F. tularensis specific antibodies were then selected using an ELISA
antigen capture method. The antibody libraries created using the animal model and the semisynthetic method were
compared and appeared to be similar in their specificity for F. tularensis antigens. The authors determined that it is
possible to develop specific monoclonal antibodies for the detection of biological agents and toxins using non-
immunogenic molecules and random recombination libraries. The author discussed the difficulty in preventing the
denaturation of the antigen for the capture method and feels that using the ELISA capture method has prevented
denaturation. Further testing will confirm this.

Buforin I (a peptide from the stomach of Asian frog) was found to be a competitive inhibitor of botulinum toxin B
by Gordon et al. who evaluated several peptides that contained the QF cleavage site. Botulinum B toxin was shown
by the authors to cleave synaptobrevin (VAMP?2) at this site and peptides that contained a similar site were studied
for their substrate or inhibitory possibilities. Buforin I functioned as a competitive, dose-dependent inhibitor for
botulinum B toxin activity but not as a substrate. Several subset peptides of Buforin I were also evaluated and found
to have less competitive activity than Buforin I. Sequence analysis revealed an 18% conserved amino acid similarity
between botulinum B toxin and Buforin I while computer assisted secondary structure predictions showed two
stretches of similar helical structures flanking the cleavage site of both substances. Discussion regarding the delivery
of the peptide for effectiveness occurred. The authors are currently evaluating possibilities which include connecting
the peptide to a chain which normally delivers it into the cell or separating the heavy and light chain from the toxin
before it gets into the cell. In addition, the inhibitory effects of Buforin I to other botulinum toxins has not been
evaluated at this time but further studies are planned.

A method for assessing the risk of different agrochemicals for use as a terrorist weapon utilizing an analysis of their

availability, volatility, and human and animal toxicity was presented by Yousefi. Ratings of high, medium, or low
for each category were assigned to the agrochemicals currently available for industry use in South Africa and this
scoring system was used to determine which chemicals present the greatest risk. Comments were very positive
regarding the rating scheme used and questions revolved around the amount of interest other countries have
expressed in adopting this method.

The efficacy of multiple treatment regimens utilizing corticosteroids in rats exposed to T-2 mycotoxin was evaluated
by Jovanovic et al. The protective index of a regimen was the ratio of the LD50 values in treated and untreated
animals. The greatest protective index (3.37) was seen with regimens that utilized corticosteroids administered in
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equal doses at 24, 18, and 1 hour before, and 6 hours after exposure to the mycotoxin. However, a protective index
of 2.5 was also seen with corticosteroids only administered immediately after the exposure to the toxin. The dose of
corticosteroid but not the route of administration produced significant differences in the protective index or the
regimen.

A novel strategy using synthetic nucleic acids combine with conventional immunoassays for biological agent
detection was described by Filer and Steven. The subject matter presented was a hypothetical strategy to respond to
significant gaps in current technology with regard to timely biological detection. The stated technology could be
viewed as proactive, rather than reactive, in concept and design. The poster presentation was a description of a
Multiplexed Detection System that would serve as a bridge between two distinct assay technologies in an attempt to
ameliorate the limits endemic to current immuno-diagnostic systems. The assay employs the use of synthetic DNA
and non-toxic proxies for the target organisms. With the capability to perform up to several hundred concurrent
assays on a single sample, it would limit both false positives and false negatives. The strategy described in this
poster presentation was conceptual and not a solid-state technology at the time of presentation. Discussion regarding
whether this system would work for genetically altered organisms occurred. The author felt that it should still work
in theory as the detection mechanisms are aimed at virulent characteristics of the organisms that would most likely
need to be maintained in order for the organism to retain its virulence.

SESSION 15. BIOSCAVENGER

In this session on Bioscavengers, six speakers presented research on the development of stoichiometric
bioscavengers such as cholinesterases (ChEs) and catalytic bioscavengers such as OPAA and OPH.

Dr. Doctor demonstrated the use of three different types of cholinesterases such as HuS BChE, Eq BChE. and FBS
ACHhE in protection against OP intoxication in four animal species (rats, mice, guinea pigs, and rhesus monkeys).

He was followed by Dr. Broomfield, who described the kinetics of nerve agent hydrolysis by human OPAA
hydrolase and demonstrated that despite the high Km, this enzyme can catalyze the rapid hydrolysis of soman and
sarin, and to a lesser extent VX.

Dr. Cheng described his studies on the isolation of an OPAA hydrolase from Alteromonas, its characterization as a
prolidase, and the cloning and large scale production of recombinant enzyme. He also described the formulation of
recombinant enzyme in different matrices for possible use in chemical agent decontamination, personnel protection.
and detoxification.

Dr. Saxena discussed her attempt at improving the bioscavenging property of Mo AChE by site directed
mutagenesis studies and demonstrated that the E202Q AChE was 2- to 3-fold more efficient than wild-type AChE in
detoxifying soman and sarin compared to wild-type AChE. However, the recombinant enzymes had a much shorter
mean residence time in the circulation of mice as compared to plasma-derived ChEs. which could be correlated with
the structure of glycan moieties on these enzymes.

Dr. Way demonstrated the use of recombinant OPH encapsulated into sterically stabilized liposomes (SL) in the
presence of 2-PAM and atropine, for the protection of mice against a 1000 LDS50 of paraoxon.

In similar studies, Dr. Petrikovics demonstrated the use of recombinant OPAA encapsulated into sterically stabilized
liposomes (SL) in the presence of 2-PAM and atropine, for the protection of mice against DFP.

SESSION 16 - TERROR
Chair Ladislaus Szinicz, Co-chair Andrew Robertson

Various presentations from other sessions (No. 3 ~ Bioterrorism; No. 7 — B-Threat and Detection; and No. 14 — B-
Agents and Terrorism) have already stressed the disastrous results that may arise from terrorist or non-state use of
chemical and biological warfare (CBW) agents.

Mitigating the impact of a CBW attack requires timely planning, properly trained personnel, rapid detection

methods, protection and medical equipment, pharmaceuticals, dedicated facilities and a rapid, and well trained.
emergency response organization. Any reaction to a CBW terrorist attack will be infused with high levels of anxiety.
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emotion and psychological pressure. Dr. Gui Santana (Abstract 2) noted that intensive communication at different
levels is inevitable in any incident response and stressed the importance of the early “hardening* of any disaster
communication system.

Intensive education and training, coupled with appropriate equipment, is also important. Col. Centonze (Abstract 57)
outlined the particular CBW protection and detection training which was provided by the Swiss Government and
emphasized the benefits of cooperation between civil and military authorities

Dr Lisa Rotz (Abstract 89) addressed the evaluation and prioritization of potential biological agents against
objective criteria to ensure appropriate allocation of the limited funding by public health authoritics. By identitying
priority agents, public health programs can be targeted appropriately.

.Dr. Lindsey (Abstract 83) stressed the importance of the availability of standardized laboratory protocols during a
CBW attack and outlined the approach CDC had taken to make this information available using the internet. Dr.
Threadwell (Abstract 92), using the Seattle World Trade Organization meeting as an example. emphasized the need
for surveillance programs for early recognition of characteristic symptom clusters, which may be the first indication
of terrorist use of biological agents.

The daunting task of improving protection against CBW terrorist attack will be more cost-effective with continued
national and international cooperation.




1. BIOTERRORISM AND AUSTRALIA - THE WAY AHEAD
Dr. Andrew G. Robertson

Defense Health Service Branch

CP2-7-155, Campbell Park ACT Australia 2600

INTRODUCTION

Bioterrorism, the deliberate use of biological weapons by a terrorist group, has become a topic of interest for
Australian medical, government and military agencies over the past two to three years. The various forms of
media, from reputable newspapers and journals to novels, documentaries and films. regularly depict such
scenarios without attempting to develop a realistic and balanced appreciation of the threat. In Australia. this
depiction has varied from fairly balanced national newspaper articles (1) to Tom Clancy's more outlandish
‘Rainbow 6’ portrayal of terrorism at the Sydney Olympic Games. (2) Whilst response planning to a bioterrorist
attack has been a major issue in the United States since 1996 (3), Australia is now coming to terms with the
issues involved and the possibility of Australians being a target.

The worldwide threat of bioterrorism is increasing and, despite its geographic isolation and limited history
of terrorist attack, Australia can not expect to be excluded from this trend. The dimensions of this threat need
further exploration to enable a realistic appreciation of the response required. (4) Such a review will enable an
objective appraisal of Australia's current response capability and what future capability is needed.

BIOTERRORISM

Biological weapons have been utilized in one form or another for over 2000 years. (5) Despite advances in
detection and therapy, biological warfare remains a threat on the modern battlefield. The Russian and Iraqi
biological warfare programs have shown both the utility of and the ease with which covert programs can be
hidden. (6) Biological weapons may also prove to be a useful weapon in the armamentarium of the terrorist
groups. The Aum sect has both researched and, unsuccessfully, tried to use anthrax and botulinum toxin. (7)
Other terrorist groups, like Usama bin Laden's organization, have indicated a strong interest in acquiring these
agents as weapons. (8)

So is it just a matter of time before Australia faces 'Bioterror'? (9,10) Various press articles and novels
would certainly have us believe that. To gain an appreciation, however, of whether these claims are realistic or
merely sensational, a review of the current trends in terrorism and biological warfare is useful. The media hype
and claims, that biological weapons are so easy to produce and use that they have become the veritable terrorist
‘poor man's atomic bomb', (11,12) are not harmless and may even produce some untoward effects. One
unintended effect of the sensational media depiction of these weapons has been to make them more attractive to
hoaxers, as demonstrated by the continuing spate of anthrax hoaxes in the United States. (13)

THE TERRORIST THREAT

Terrorism, 'politically or religiously motivated acts of violence causing non-combatant casualties’. (14) has
largely spared Australia. (15) Australia has seen small scale terrorist attacks, like the bombing of the Sydney
Hilton in 1978, and various extortion attempts and hoaxes, including the 1984 threat to release foot and mouth
disease in Queensland. Compared to many countries, however, Australia has been relatively immune. (11.15)

The terrorist threat is changing. In the 1970s and 1980s, terrorist groups, whilst radical politically. were far
more interested in getting their message across than killing lots of people. (16) The nineties saw a fundamental
change. While the number of terrorist incidents has continued to fall, there has been a paradoxical rise in the
percentage of incidents with fatalities. This trend is associated with the growth of radical religious terrorist
groups. These groups, arising from a wide spectrum of religious backgrounds, see violence as a “divine' duty
and are not constrained by the political or even “moral' constraints of the more traditional terrorist groups.
(16,17) Able to contemplate far more deadly attacks to fulfil their aims, these groups have come the closest to
effectively using weapons of mass destruction. The deliberate 1984 infection of an Oregon town's population
with Salmonella typhimurium, by the Bhaghwan Shree Rajneesh cult, was a forerunner to the Aum Shinrikyo
sect's more deadly 1995 nerve gas attack on the Tokyo subway. (18) The more traditional terrorist groups.
however, should not be ignored. Non-attributable bioterrorist attacks against animals and plants may achieve
their aims without accruing the same retaliation. (10) Although there has been no major terrorist attack with
biological weapons, many believe that this situation will not last. (11,16,18,19)

BIOLOGICAL EXPERTISE

Although opinions vary, most authors believe that an individual or individuals with a modicum of technical skill
could acquire the necessary expertise to produce biological weapons in small quantities. (11) Whilst terrorist
groups in the past may not have had the necessary technical expertise, (16) the previously esoteric skills

required are now generally available. American industry employs around 60,000 biologists and there are nearly
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As we have seen from the past Russian and Iraqi biological warfare programs, interest and expertise exists
within a number of proliferant countries. (6)

THE THREAT TO AUSTRALIA

Australia, on the surface, does not appear to be a probable target for a terrorist attack, let alone a bioterrorist
attack. Our close association with the United States, an avowed Usama Bin Laden target, (22) the general
openness of our society and the spectacle of the 2000 Sydney Olympics, with a host of possible targets. may
make Australia more attractive for terrorists. Whether such terrorists will resort to biological weapons is a more
vexing question. There are good reasons for terrorists not to use biological weapons. The inhcrent
unpredictability of biological weapons, a personal fear of biological agents, anticipated governmental response
to an attack, and a general satisfaction with current measures, may contribute to the terrorist's reticence. (11.16)
The fear of collateral damage to friends and a desire to limit the number killed may also concern more
traditional terrorist groups. (11) Most authors agree, however, that with the growth of religious terrorism and
availability of agents, there will be future attempts, on a limited scale, to use these weapons. (11,16)

Given intent, the next consideration is capability. A terrorist group, even with limited technical capabilities.
may be able to acquire or import a biological agent into Australia. Potential biological warfare agents could be
acquired from natural reservoirs, appropriated or stolen from medical or research facilities, bought from
legitimate or 'black market' suppliers, or procured from ‘unfriendly’ governments. (11,22) Recently, concern has
been raised about the potential use smallpox as a terrorist weapon, however, limited availability would make it
difficult to acquire and use. (19) Interest has already been shown by various overseas terrorist groups in
acquiring anthrax, botulinum toxin and ricin. (17,23)

Whilst terrorists with a modicum of technical training could produce biological weapons in small quantities.
(11) the necessary technical skills and equipment needed to produce biological agent in large quantities. (o
weaponise that agent and to utilise the agent effectively, are far more difficult to procure. (4,13)

Delivery is the most critical step. Most authors agree that effective delivery of biological warfare agents is
even more problematic than its production. (20) The most commonly proposed means of terrorist delivery is by
the spread of an aerosolized suspension of biological agent over a city. (7,14) This process, fortunately. is more
difficult than it first appears. (12,24) There are significant technical problems in keeping a biological agent
viable in a cloud for long enough to infect or intoxicate the victim. (12) Humidity, sunlight, smog, temperature
and winds will all affect the final dose received. (25) Even with a good technical background, the Aum sect was
unable to produce any biological casualties despite several attempts to deliver anthrax and botulinum toxin in
Tokyo. (24,26) Whilst a smaller scale attack in a confined area may be more feasible, the technical ability to
produce and weaponise sufficient agent to cause harm would probably be beyond the capabilities of most
terrorist groups. (11) .

The poisoning of a large water reservoir is also not as simple as postulated. An attack would require large
quantities of agent and is unlikely to be successful due to problems with access to the site, dilution and
environmental degradation. (11,27)

THE RESULTS

A successful bioterrorist attack has the potential to be disastrous. Even a relatively small attack might quickly
overwhelm the resources of even the richest and most capable of countries. (28) In an attack, death and disease
would be only part of the problem. The potential psychological effects and resultant panic would adversely
affect the infrastructure and operations of any country. (9) The financial impact would also be monumental.
Kaufmann's model of the economic impact shows that, for every 100,000 persons exposed in an anthrax attack.
the financial cost to a country could be over 26 billion American dollars. (29)

AUSTRALIAN DEFENSE AGAINST BIOLOGICAL TERRORISM

Australia faces the challenge of many developed nations. The face of terrorism is changing and Australia. like
most countries, is unlikely to be immune in future. The move to religious terrorism increases the probability that
future terrorist attacks will involve biological or chemical weapons. Improved technical skills and equipment
make a bioterrorist attack both more probable and more likely to be successful, particularly if done on a small
scale.

Defending against biological terrorism is a daunting task. Unlike chemical or nuclear weapons, the current
biodetection systems are limited in their scope and availability, so emphasis has to be placed on other measures.
Sensitivity analysis has shown that preventive programs are cost-effective in defending against biological
terrorism. (29) :

The Australian community has, until recently, been generally under-prepared. In the early 1990s. there was
no policy, training or planning in this area. In 1998, the Australian Medical Disaster Coordination Group
identified major deficiencies in the preparations for a chemical or biological terrorist attack and set out. with




Emergency Management Australia, to rectify these deficiencies. (30) Australia is now preparing for biological
terrorism, and its defensive measures can be broadly grouped into four main areas. (1

The first area is information collection. Security and police agencies monitor, and will continue to monitor,
individuals and terrorist groups of concern. Sydney police recently arrested a man who threatened to shoot down
planes during the Olympics. (31) Australia is also fortunate in having a very well developed Public Health
laboratory network, which both catalogues local endemic and epidemic disease and rapidly identifies and
responds to epidemics through its surveillance network. (32, 33) This system provides input into the ProMED
internet epidemic surveillance system, which has been very effective in establishing baseline data. There arc
well-developed links between different Government agencies and the medical community, (32) through
Emergency Management Australia and committees like the Australian Medical Disaster Coordination Group.
which ensure that information is shared to assist in creating a coherent picture of the problem. (33)

The second area involves counter-acquisition strategies. Countries must make it very difficult for terrorist
groups to acquire biological weapons. Australia has been at the forefront of such strategies over the last decade.
Australia established the Australia Group, a group of like-minded nations, who monitor and control their
national export of chemicals, biological agents, precursors and dual-use equipment. Australia has also strongly
supported the establishment of the Chemical Weapons Convention, the verification protocol for the Bjological
Weapons Convention, and the United Nation Special Commission, who were responsible for disassempling
Iraq's biological weapons program. While each of these strategies is not an end in itself, they contribute to the
counter-acquisition web, making the acquisition and use of biological weapons more difficult. Counter-
acquisition may require countries to both threaten, and be willing to carry out, retaliation against the terrorists
and their state sponsors should biological weapons be developed or used. (34) Through participation in
sanctions, Australia has been involved in bringing economic and moral pressure to bear on countries like Iraq to
comply with international conventions, including the Biological Weapons Convention. (6) The availability and
movement of dangerous biological agents and microbiological equipment is regulated and tightly controlled by

Passive protection is the third area. New, innovative and rapid biological detection systems are 4
comnerstone of early and appropriate response. (19) The Australian Defense Force (ADF) has made substantial
progress in this area following the Gulf War. The Defense Science and Technology Organization (DSTO)
commenced research into medical defenses against biological weapons in 1995 and have made some excellent
advances in the development of bio-detection systems. One of the most promising is the AMBRI biosensor.
which can rapidly detect up to four agents at a time.

Similarly, effective disease surveillance systems are critical. Adequate epidemiology and pathology
resources are key facets of this surveillance. (28) The current Australian noticeable disease system is very
effective and able to detect acute changes.

Protection should also cover the stockpiling of vaccines and therapeutic agents; improved water supply. air-
conditioning and food production security; development of better individual protection equipment. and
increased research into medical defenses against biological weapons. (11, 23) DSTO has also contributed to the
development of other detection systems, therapies for the management of biological attack and improved
individual protection equipment. The new lightweight suits, whilst giving the protection of older suits. will
markedly reduee the heat stress encountered in the Australian environment.

In November 1998, NSW Health identified a project manager to coordinate its response to chemical and
biological threats. A review of equipment and standard operating procedures and an audit of drug supplies have
been initiated. Various other States are also looking at protective equipment and detection requirements.

Finally, there must be measures that mitigate the effect of an attack. These measures, including better and
more specific biological disaster planning, public health coordination, and evacuation planning, are all being
developed in Australia. (11) Emergency and medical responders are learning about what they may be dealing
with and how to manage it. (23,34)

The ADF is able to decontaminate and render safe chemical and biological munitions whilst protecting its
forces through detection systems, protective equipment, medical countermeasures and research. Doctrine for the

threats. The Commonwealth Government committed $23 million in the last budget to enhange this capability.
with increased spending on response capability and protection and detection systems.
The Commonwealth Government is regularly exercising chemical and biological terrorism disaster plans

through desktop and other exercises. (36) Commonwealth Health has completed an Australian Emergency
Mannal which nravidec darctrine for the manacemant of chemical hinlagical and radinlnoical cacnaltiec Thic




manual, coordinated by Emergency Management Australia (EMA), is in the process of being released. (37)
EMA has also provided awareness training material to all the States and Territories. (37) Further health service
training commenced in late September 1999 and has continued in a variety of forms throughout 2000. This
training was developed utilizing the manual and assistance from States and Territories through the Australian
Medical Disaster Coordination Group. All States and Territories are looking at the contingency planning. health
co-ordination and training requirements of such preparedness, with a number of States training emergency
response personnel throughout 2000.

CONCLUSION

Bioterrorism will not disappear as a potential problem and will remain an area of political and media interest.
Fortunately, the successful completion of even a small-scale bioterrorism attack is far more difficult than
portrayed by much of the media. Even a very limited attack, however, may have a major psychological effect
with the resultant panic severely hampering any emergency response. The Australian medical and emergency
response communities are facing this threat and will be better prepared to manage both the bioterrorist and
emerging infectious disease challenges of the new century.
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ABSTRACT

Chemical or biological accidents or threats (terrorism, etc.), given their devastating destructive potential to hoth
mankind and the environment, are always a matter that requires immediate attention and response from a number of
different stakeholders. It inevitably involves a great deal of communication and coordination between thosc
stakeholders directly involved in attempting to neutralize a threat or the effects of CB accidents. Those situations are
invariably characterized by high level of anxiety and emotional pressure which may compromise quality decision
making. This paper looks at some effects of crises on organizations and how they, in turn, affect the critical issue of
communication during a crisis. The paper also proposes a crisis communication model.

INTRODUCTION

A close observation of the crises events in the last few years suggests that not only the number but also the scale and
magnitude of industrial and commercial crises are on the increase. The devastation caused by recent crises included
the loss of thousands of human lives as well as immeasurable damage to the environment and future generations. In
fact, man-made crisis today have the potential to rival major natural disasters. Crises also respect few if any
boundaries, as several recent crisis events illustrate.

While some authors suggest that the dynamics of modern life have created a risk society (1) and that the
potential for large scale human-induced crises are virtually built into the fabrics of our times (2), others contend that
much of our current fear is groundless and not based in objective reality, but rather stems from the modern condition
3.

Regardless of the perspective adopted to explain causal issues, it is clear that no organization is immune to
crises (4) (5). Moreover, the fact that the potential negative effect of technology exceeds the ability of our
organizations and management structures to control them provides an enormous challenge to the central core of
management. Organizations, therefore, should provide answers to three essential questions: (a) what role
management plays in the incubation of crisis potential?; (b) what role management plays in the prevention and
management of crisis events?; (c) why do many organizations and managers still deal with the issue of crisis in a
superficial manner? Inherent to all these questions is the critical issue of organizational communication. This paper
argues that organizational communication is the critical element in both crisis prevention and management. In
essence, managing a crisis is managing communication. There are, however, organizational issues that inhibits
effective communications (6) (7) (8). If these blocking elements in the system are not removed or eradicated. so as
to guarantee information quality and flow, the effective management of crisis becomes an almost impossible task.

CRISIS, DECISION-MAKING AND ORGANIZATIONAL COMMUNICATION
Crises occur as a consequence of the dysfunctional nature of organization’s culture, core beliefs. values and basic
assumptions of decision markers and the approach taken to both external and internal communication. A crisis
evolves through a pattern of different phases, each with its own distinct features and dynamics. that demands
specific management approach (9) (10). Since the status of a crisis (intensity, scope, effects on stakeholders. etc.)
changes as it develops within each phase, the various stakeholders involved in managing the crisis need to he
constantly informed of crisis status so that they could act (decision making) in a concerted and effective way.
Communications, then, play one of the most important roles in the process of administering and resolving crises.

Decision making is an integral part of crisis management process (11). The quality of decision depends greatly
upon the quality of information available to the decision process which in turn depends on how and when (timing) it
is communicated to the decision making person or team. That is, if communication is not effective and timely.
quality information is of no use or value. Communication is regarded as the ,essence* of crisis management.
Without a well conceived and implemented communication system chaos reign. There are, however, many factors
that may constrain communications in times of crises.

A typical feature of crisis is information overload. The quality of information input into the decision process
depends on the ability of the system to effectively absorb information flow, thus preventing overloads. Information

overload results in dysfunctional selective attention, retention of information, and delays and subversion of




communication flows. Information overload and the need to act quickly cause decision makers to use fewer
communication channels for the collection and dissemination of information. Limiting the search for information
can be disastrous. Divergent searching increases the variety and quantity of alternative solutions, and is essential in
poorly structured circumstances in which fluency and flexibility of thought are vital.

When communication is not effective, the information content of the messages is frequently distorted because
intermediate message-handling units omit, delay, filter, and most often process incorrect information. As a result.
the decision group not only has fewer creative solutions available to it, but it is also more likely to fashion flawed
solutions from the information they have.

CB crises invariably exert a great amount of emotional and psychological pressure on decision makers. See
Figure 1 showing the consequences of crisis at psychological and emotional levels.

The very thought of a CB crisis may become enormously complex for those responsible for managing and
coordinating the large amount of required effort. Variables, explanations, consequences, causes. relationships.
alternatives, participants, goals, and potentials form a dense mass. During a CB crisis stress is of such magnitude
that it promotes dysfunctional behavior. An increasingly severe crisis tends to make creative policy both morc
important and less likely. Decision makers find it harder to reason abstractly and are also less able to predict the
consequences of various alternative courses of action. All this contributes to a restricted and distorted understanding
of the decision situation. As a result, unaided crisis decision makers tend to make and implement inferior decisions.

See Figure 2. the consequences of crisis at an organizational level. In this scenario, open communications
channels and quality information are the only hope for a positive outcome. Effective internal communication enables
management to make sound decisions and be in control of the situation whilst effective external communications
allows management to tell their history avoiding rumors and pseudo experts accounts. The net results are often a
faster resolution of crisis, less internal anxiety and higher commitment to crisis management, less speculation and
s¢rutiny from various external publics, among others.

Communications during crisis differ substantially from communications in normal times*. Those involved or
responsible for dealing with CB threats and crisis need to have in place specially designed communication strategies
and structure for managing adverse situations. It is virtually impossible to learn about crisis communications or 1o
invent things in the heat of a crisis. As crisis evolves, each phase requires different management treatment and
approaches. The amount of attention given to each particular issue is clearly an strategic decision of the organization
and each decision taken will inevitably reflect on the status of crisis and on its resolution potential.

Effective crisis management starts well before an issues erupts into a full blown crisis. Indeed. it is much safer

'to manage the symptoms than the chain of complications resulted from a crisis. Communications, then. plays a vital

role in crisis prevention. Most major crises to date (including some well-publicized CB crises) could have been
prevented if the organizations involved had in place effective communication systems. Communication system in
this sense means both formal and informal communications. As mentioned previously, organizations. depending on
the nature of their culture and core beliefs, have a high potential for crisis incubation. Therefore. understanding and
de-codifying the unwritten organizational rules and norms seems to be of crucial value for crisis prevention and
management. If an organization has a crisis-prone culture, the incubation of crisis will occur as a function of the
strategic decision making that takes place within the organization and the failure of management to identify and
acknowledge the limitation of its control mechanisms. A crisis-prone culture inhibits communications that. in turn.
severely weakens management’s ability to develop resilience within the system. In another words. it deprives an
organization from the essential abilities and mechanisms needed for developing preventive measures and strongly
influence the psychological, emotional, and technical ,,abilities* of its member to manage the crises that occur.

Considering the evolutionary nature of a crisis, a communication model that contemplates all phases of a crisis
has been develop. The model proposes that open lines of communications should be established to and from the
environment. The effectiveness of crisis management depends not only on the efficiency of the formal and informal
communication structures but also on the organization’s ability and capacity to absorb, filter, process. manage. and
implement strategies based on the information received. See Figure 3, for a simplified crisis model.

Crisis communication training is essential. CB crises invariably arouse a great deal of emotions and scrutiny
from all sectors of society is unavoidable. Different stakeholders require a different set of information to satisfy their
particular interests or concerns. The establishment of a crisis management communication center is imperative.

CONCLUSION

Considering that crisis is an unavoidable organizational phenomenon, and that organizational ability and capacity to
avoid and managed crisis has been identified as limited, as evidenced by a close examination of the average life-
span of companies, the characteristics of highly visible crisis episodes and the numerous examples of dysfunctional

behavior of organizations, this paper has examined the role communications (forma! and informal) play in times of

9




crisis, emphasizing its importance for effective decision making for crisis prevention and in averting further chaos.

Crisis management requires previous preparation. It is virtually impossible to develop or invent strategies in the
heat of a crisis. Organizational culture (core beliefs, values and basic assumptions) dictates how an organization
deals with the issue of crisis incubation and crisis emergence. Thus, organizational culture influences how
communication is structured within a system as well as how decisions are taken. If communication is not effective.
unaided decision-making may lead to further aggravation of a crisis. '

Finally, given the negative potential effects of chemical and biological accidents, the public perception of CB
operations, and the high degree of scrutiny and speculation that CB issues receive (in times of crisis and non-crisis).
organizations in the sector are always in a delicate position. Therefore, crisis communication should be treated as a
continuous effort. Indeed, effective communications start well before a crisis erupts.
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PHARMACOLOGY AND TOXICOLOGY OF HI-6
Christophor Dishovsky
Military Medical academy, Sofia, Bulgaria

SUMMARY

In a number of countries apart from just the scientific research the Hegedorn oxime HI- 6 became used also
practically. This use is connected with the preparation of drugs which are being tested according to the
legislature of the different countries. The Bulgarian liophile ampoule of HI — 6 (1986) showed a lower
toxicity compared to other oximes. The results in this regard are close to the results obtained by other
authors in their work with HI — 6. The studies on the experimental animals show that i.m. application
does not cause statistically significant differences in blood pressure, the frequency of the heart activity.
breathing, and the EKG data, in comparison with the controls. After i.v. injection (bolus) a short period of
deepening of the breathing and falling of the blood pressure is observed with about 40-50 mm Hg. After 5
min. the above mentioned parameters go back to their normal levels. In the EKG study during the same
period a light bradycardia has been established. Deviations in the laboratory test during the study are not
observed. Pathomorphological studies on the 24" ™, 15" and 30" day after application of a single dose HI —
6, do not show change in the investigated organs as well as on the places of the injection. Our
pharmacokinetic research shows that HI — 6 is being eliminated quickly by the organism. In connection
with that process and also with the changes of the pharmacokinetic’s of the HI — 6 after intoxication with
OPC, it is recommended that HI — 6 is being monitored in clinical conditions.

INTRODUCTION:

The H-Oximes, so called to the person, who synthesized them for the first time with her team, Prof. llze
Hagedorn. Moreover, she and her team gave new direction to the reactivators of cholinesterase activity.
The most well-known among them is HI-6, because the research so far shows that at the moment it is one
of the best reactivators of the inhibited from Soman acetyl cholinesterase. As many countries have started
using this drug, it is more and more important to learn its own toxicity and its pharmacological properties.
Therefore, the aim of this study is to obtain a number of data, which characterize pharmacologically and
toxicologically HI-6, which has been synthesized in Bulgaria.

STRUCTURE-ACTIVITY RELATIONSHIPS:

Oxime group at position 2 of the first pyridinium ring and the amide group in position 4 of the second
piridinium ring are essential for the pharmacological activity against Ops (Maksimovic et al. 1980:
Clement and Lockwood 1982). The 4 position in the second no-oximeted ring is particularly important both
for the efficacy of HI-6, and other similar compounds, and for its inherent toxicity. An amide group at this
position is essential for reducing the toxicity of the bispyridinium nucleus (Su et al. 1983, 1986).

In our research( Dishovsky, 1989,1996), just like Maksimovich in 1981, we have reached the conclusion
that the correlation methods for analysis cannot explain the difference in the physicochemical properties of
the reactivators. The theoretically calculated by us numbers of the distances between the atoms in a folded
conformation, coincide well with the data from the Ro-structural research of Binenfeld,1984. The distance
denoted with d, , ;are crucial for the biological activity of the oximes, particularly for the recovery of NMT
blocked with OP (Figure 1).
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(Figure 1) Structure of HI-6

TOXICITY OF HI-6:

The investigation of the acute toxicity of HI-6 of i.p. application on mouse has shown that it has lower
toxicity in comparison with the other “H” -oximes, such as HS-3 and HS-6, as well as the classical
toxogonin and 2-PAM. Our data shows to be analogical to the data of Kapner et al (1978).

Comparison of HI-6, produced in Bulgaria with other samples:

HI-6 was produced in the Military Medical Academy, Sofia with some differences from the method.
described by Hagedorn. Clement et. al. (1988) compare produced under laboratory conditions and for
commercial purposes substances of HI-6 from different countries. On (Table 1) is shown comparative data
of the Bulgarian substances with substances produced in other countries.

(Table 1)
Comparison of HI-6 produced in different countries (Klement et. al 1988 and our data)
Country Canada UK The Israel Yugoslavia | Bulgaria
Netherlands
Type of | White Brown Slightly White Yellow White
substance crystal powder yellow powder crystal Crystal
substance crystal substance Substance
substance
Melting 135-136 132-134 137-138,5 174-175 134-234,5 135-137
Point (°C) without with 3| traces of | without traces of | without
impurities additional impurities impurities impurities impurities
picks '
LD 50] 561 495 563 - 658 586
mg/kg

The data, which was presented,. shows that the Bulgarian HI-6 is close with its properties to the Canadian.
the Dutch and the Yugoslavian substances. Of course, we should consider that the presented data is from

research made in 1988.




Investigation of the blood pressure, breathing, and EKG of experimental animals,
treated with HI-6:

The experiments were carried out on 33 anaesthetised cats (urethane) from both sexes, weighting 3.5+ 1.0
kg. The cats were treated i.m. and i.v. with 20mg/kg b.w. We registered the researched animals breathing
and arterial pressure under the McLeon method, 1970. We read EKG under standard conditions with EKG
111 (former DDR).

The conducted research showed that the i.m. application of HI-6 to cats does not cause changes of their
arterial pressure, breathing and EKG. After i.v. injection the breathing becomes deeper for about | min..
after that it becomes normal again. The arterial pressure becomes 40-50 Hg lower for about 5 min. The
EKG shows slowing down of the heart activity for about 5 min. Lundy and Tremblay (1979) suggested
that HI-6 produse hypotension as a result of his ganglion — blocking activity.

Research of the effect of HI-6 of the spontaneous contraction activity of jejunum of a
rat and during a contraction caused by Ach.

We have carried out the experiments on the jejunum of male Wistar rats, weighting 190+ 30 g. HI-6 was
used in increasing concentrations from 1.10 ® to 1.10* mol/ml. The results showed that HI-6. even in
highest concentrations does not change the normal contraction activity of the gut pieces.

The spasmolitical activity of HI-6 is low. 100% removing of the effect of Ach (1.10
** mol/ml) is made through concentration of HI-6 1.10"* mol/ml.

Research of the HI-6 influence on the serum-ChE activity:

We have investigated the effect of the HI-6 on ChE activity during in vivo experiments on guinea pigs.
b.w. 440+ 60 g. We have applied HI-6 i.m in dosage 1.10 * mol/kg. The results of the investigation are
shown on the table below. It could be seen that HI-6 in the used concentration practically does not change
for a period of 30 days the normal cholinesterase activity in the serum of the studied animals (Table 2)

(Table2)
Dynamics of the serum cholinesterase activity (E/ml, 25 °C) of
_guinea pigs treated with HI-6

Product/Drug HI-6 1.10-4 mol/kg i.m.

Time X+- SD P
Control 1616,4 + 226,4 >0,05
1 day 1634,3 + 244,1 >0,05
3 days 1607,1 + 265,3 >0,05
10 days 1594,9 + 292,9 >0,05
15 days 1618,9 + 293,1 >0,05
20 days 1553 + 248,7 >0,05
25 days 1523,1 + 215,2 >0,05

30 days 1637,0 + 2254 >0,05

Pharmacokinetics of HI-6:

The pharmacokinetic data obtained with the Bulgarian HI-6 were presented on CBMTS II. ( Dishovsky and
Draganov,1996)The most important data was that the curve of the plasma concentrations of HI-6 (0.5.10 ™
mol/kg.) after i.v. application on cats until the 120 min. stayed the same above the Kusic et al (1985) 4
mkg/ml therapeutic concentration. A very important result is that the time of the semi-elimination is
longer that the time of TMB-4 and toxogonine — 50,6 min vs. 28,3 and 19,9 min. respectively.

(V%)




When the same dosage is applied i.m., the time for semi-elimination reaches 72,5 min. This is practically
analogical with the data of Kusic et al obtained on human beings (1985). The results of the plasma
clearance were — 3,1 vs 3,7 ml. min ~'kg ™"

The data obtained for the plasma clearance shows that the substance passes quickly from the blood into the
organs. The seemingly large volume points to the conclusion that there is a large amount free HI-6 in the

plasma.

Biochemical and hematological research of HI-6:

We researched ten dogs of both sexes with b.w. 9 + 1,5 kg. We have applied HI-6 in dosage 6 mg/kg i.m.
We have made the observations on the 2", 24® and 48" hour.

We studied GOT, GPT (ALT), Alk. Phosphatase, LDH, blood sugar, serum protein, thymol. creatinine.
bilirubin, urea, calcium and natrium. We analyzed from chematological point of view the Erythrocytes.
Leukocytes, Lymphocytes, Polinuclear cells and Thrombocytes. We have not found any significant
statistical deviations from the norms.

The obtained data after application of HI-6 does not show statistically reliable reactions. This is a proof
that HI-6 does not cause toxic and unwanted reactions toward the biological and hematological indexes.

Acid-base balance

We made the research on dogs with b.w. 9,5 + 1,5 kg (n=6). We applied HI-6 i.m. with dosage 3 mg/kg.
The researched parameters were pO,, pCO,, pH, BE, HCO;, SB and BB. (The research was conducted by Dr.
I. Sumnalev on AVL equipment).

We made observation for certain decrease of pCO,, which presents an alveoli hyper-ventilation and decrease
of HCO,, which is an indicator of respiratory alkalosis. However, the pH stays the same all the time during
the experiment. As a whole after the application of HI-6 there are no statistically considerable deviations in
the researched parameters.

Histo-morphologic investigations:
The research was conducted on 25 Wister rats with b.w. 190 + 30 g. In a cute experiment 5 animals were
injected i.m. with 5 mg./kg HI-6 and the observation was made on the 2™ hour. The rest of the animals
were distributed in groups of 5 as follows:

- getting i.m. 1 mg/kg HI-6 and observed on the 15" day;

- getting i.m. 5 mg/kg HI-6 and observed on the 15" day;

- getting i.m. 1 mg/kg HI-6 and observed on the 30" day;

- getting i.m. 5 mg/kg HI-6 and observed on the 30™ day;

The following body organs were analysed: brain, miocardium, lung, v. cava, liver, kidney and skeleton
mussels in the place of injection. The method of hematoxilin-eozin was used. During the histo-

morphologic investigation were detected changes of the investigated organs due to the use of HI-6.

Analysis of the HI-6 influence on the liver drug metabolizing enzyme systems:

The reactivators of the Che activity are almost always used with other drugs. Our previous research showed
that toxogonine change the liver drug metabolizing enzime systems. Together with Dr. Kadiiska and P.
Alov , we conducted investigations on Wister white male rats with b.w. 180 — 200 g. (n=150). We made
the analysis on the 2™ and 4™ hour with HI-6 with dosage 0,25mmol/kg i.m., as well as after three-day
application of the same dosage.

Cytochrom P-450 and cytochrom b5 contens in microsomes werte determined by the method of Omura and
Sato (1964); ethylmorphine-N-demethylase (EMND) by

Nash(1953); aniline 4 - hydroxilase (AH) by Mazel ( 1971); glucuronyl transferase (GT) by Frei (1970).
Protein content in microsomes was determined by modified Lowry procedure ( Albro, 1975). Lipide
peroxidation in liver microsomes was determined by thiobarbituric acide test of Buege and Aust 91978).




From the obtained data, it could be seen that HI-6 shortens the time of the hexobarbital sleep in the interval
2" hour. The data shows that in this dosage HI-6 does not change the liver drug metabolizing enzymes and
the LPO.

CONCLUSION

The data obtained by us, is very important as support for the further discussion on the liver changes caused
by HI-6 (Kusic et al, 1991) for analysis on human beings. We have not denoted any changes in the
researched indicators, apart from some decrease of the thymol and bilirubin does not necessarily mean that
there is a toxic damage of the liver.

In previous our research (Dishovsky, 1990, 96), we have found changes in the pharmacokinetics of HI-6.
Considering that HI-6 under normal conditions, will not be used for a long time, we think that it has to be
accepted as a perspective reactivator of the Che activity. A proof for that are all the results, which we have
obtained, and that we present in the above paper.

It is recommendable, if possible, to follow up the serum concentration of HI-6, as well as the para-clinical
data, which will allow for the optimization of it clinical effect in cases of intoxication with OPC.

KEYWORDS: HI-6, H-series oximes, cholinesterase, pharmacology, toxicology
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6. PLANNED RESEARCH TO EXTEND AND FURTHER VALIDATE RSDL AS A BROAD
SPECTRUM DECONTAMINANT AGAINST BIOLOGICAL AND CHEMICAL WARFARE
AGENTS

Philip C. O'Dell, M.A.Sc., P. Eng.
O'Dell Engineering

28 Hilborn Ave.

Cambridge, Ontario, Canada N1T IM7

SUMMARY OF RECENT DEVELOPMENTS

Reactive Skin Decontamination Lotion - RSDL - is now fielded with the Canadian Forces, the Netherlands Armed
Forces, and several other countries and organizations worldwide. It is also in use in several Chemical Warfare Defense
laboratories for the safety of the researchers. Knowledge of RSDL and its capabilities, recently further verified by the
reports of the TNO Prins Maurits Lab, the German Government, and the French DGA, RSDL is being requested
increasingly for both military and civil defense applications including VIP visits.

All of this, combined with new and evolving threats, has provided a need to determine exactly how and to what
extent RSDL may be used as a protective means against this increased range of Chemical and Biological Warfare (CBW)
materials and situations.

In support of these increasing requests, both from inside and outside of the traditional military arena. a number of
thrusts are underway to provide full support and information to users of RSDL in order that they understand the
capabilities and limitations of the material when it is used in the field.

The human compatible nature of RSDL and its extremely rapid reaction time with typical CW agents has made it
an ideal candidatefor use in cleaning and/or leak mitigating when handling chemical weapons discoveredin the field. Use
of RSDL in this application will hopefully will make this high-risk operation somewhat safer for the personnel directly
involved.

In addition, the nature of the reaction of RSDL when removing and destroying chemical agents has led to its being
considered for equipment decontamination of sensitive, high value items. The rapid action, lack of temperature build up.
and easy removal make RSDL suitable for cleaning many types of equipment very quickly.

Another area of use, which was found by the Canadian Forces, is the ability of the RSDL system to remove irritants
from the skin. This specifically applies to removing riot control agents such as OC (Pepper Spray) and CS.

All of these areas require controlled and systematic examination and it is planned to address them this year and in
2001. This will parallel the Regulatory review which is being done to support the full licensing of RSDL for use in
Canada by and on civilian victims of CBW events as well as to fully assure military personnel of the safety of the
products they are being issued as a defense against these threats.

INTRODUCTION

Reactive Skin Decontamination Lotion - RSDL - was developed by the Defense Research Establishments Ottawa and
Suffield (DREO and DRES) of the Canadian Department of National Defense (DND) as a general issue first linc
decontaminating liquid to combat a wide spectrum of Military Chemical Weapons. RSDL was specifically developed
to remove, from any part of the body, and render non-toxic the full spectrum of nerve agents and vesicants that could
potentially be encountered by Canadian troops in any conflict or other operation worldwide.

The nature of RSDL as a liquid decontaminating lotion was driven by these requirements. RSDL is a liquid to
provide two key advantages: First, for full and complete surface coverage on skin, through permeable clothing. and
through hair, and second, to enable the active component of the lotion to easily mix with any chemical agent present
and rapidly destroy it.

RSDL has been formulated and tested' to allow its use as a topical decontaminant on skin, in the eyes, and in and
around the mouth and ears. The RSDL system covers and lifts an agent from the skin and into solution. The active
ingredient then breaks down the agent to provide a non-toxic? liquid residue, which does not need to be immediately
removed from the skin. The liquid RSDL can be left in place to provide a better mask seal and continuing
decontamination capacity. RSDL minimizes the time and effort required to provide self aid in an urgentsituation where
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other threats may be present. The material can be easily washed off with water later during full personaldecontamination.

APPLICATIONS OF RSDL IN LEAK SEAL AND PACKAGING OF OCW MUNITIONS

RSDL has a number of characteristics which make it suitable to be considered for use in cleaning and preparing for
transport, chemical munitions discovered in the field and which for local reasons may not be destroyed in situ. RSDL
will rapidly mix with and destroy a wide range of agents and the lotion in the sponge system will remain in contact with
the subject munitions providing continuing destruction of any material that is subsequently released.

Color '

The lotion color indicates whether the agent has been fully destroyed or whether active agent remains present. RSDL
is naturally a very bright yellow color and as the active ingredient is consumed in breaking down chemical agents the
yellow fades to a clear-white solution when full consumption of the active ingredient occurs. Should this occur.
additional RSDL can be added until the yellow color remains, indicating that the agent present at that time has been
destroyed.

Rapid Action

If, as a munition is uncovered or during immediate recovery it begins to leak, RSDL can be rapidly and easily
applied directly on the leaking liquid. The sponge can be used to cover the leak to provide some level of seal and
immediate destruction of leaking agent until a full sealed package can be brought in or applied. Excess RSDL can he
included in the package to provide protection and/or agent destruction during transport.

Human Compatibility

A highly dangerous part of recovering munitions in the field is in actually removing them from their present
location to a place where they can be examined and worked on or destroyed. This may entail simple excavation. a trip
of a few meters, or lengthy transport, but the first exposure in many cases will involve personnel being in close
proximity to the munition. Often actual physical handling may be required and using RSDL to provide immediate
decontamination of the munition increases the safety for the operators present as RSDL will not react aggressively with
the agent nor will it react against the glovesand boots' as a more caustic material might. Any reacted products present
will be non-toxic? and will not harm an operator.

EQUIPMENT DECONTAMINATION USING RSDL

RSDL is fully compatible with the skin and thus any equipment that is essentially equally durable can be decontaminated
with RSDL. Specifically, typically finished metal surfaces (anodized, phosphated, painted. etc.) on military equipment
can be decontaminated with RSDL. For example, vehicle hatches and handles can be rapidly decontaminated to provide
access to the vehicle or to allow safe egress of passengers in cases where they can not wait for the vehicle to be fully
decontaminated before exiting.

Another area of equipment decontamination, which has recently been explored, involves cleaning high value
equipment such as tactical radios, night vision devices, Global Positioning System receivers, and the like. Thiy
equipment is generally ruggedized for military use, sealed to prevent ingress of environmental effects (water) to the
operating hardware, and has one or more display units, from which the operator reads the information. This equipment
is generally valuable, it can not be readily replaced in a theatre of operations, and loss of it can often significantly and
immediately degrade operational capability.

Our testing to date has shown RSDL can be applied to military equipment of this type and removed using water.
The equipment was not adversely effected in any way. The equipment continued to operate correctly, displays functioned
and were legible, markings were not obscured or removed, and seals were not damaged or breached.

Testing using uncontaminated equipment as a baseline and using BW simulants have shown promising results for
compatibility with the lotion and for the effective and efficient removal of the simulant. Further testing against actual
CW and BW agents to determine the useful ability of RSDL to remove them from typical equipment surfaces is planned.

RSDL FOR THE REMOVAL OF RIOT CONTROL AGENTS OC AND CS

The Canadian Forces have been using the RSDL system to remove CS from personnel during training for approximately

one year. A short series of demonstrationshas shown that the RSDL system can be used to ease the effectsof and remove
OC from skin and, in one case, from the eyes.
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In practice, the use of RSDL to remove these riot control agents would be completed after the incident requiring the
application of the OC or CS had beenresolved. In particular, Police Officers or other emergency services personnelwould
use the RSDL system to remove any OC or CS spray which had contacted them either directly from the spray device
or from subsequently handling suspects who had the spray applied to them. Suspects suffering from the effects of the
OC or CS could, once they were calmed or in custody, have this applied to ease their situation and to clear their eyes.
It could also be used in training to minimize the effects of the OC or CS spray when used in teaching new personnel
or in refresher training.

It is planned to test the effectiveness of the removal of OC and CS using a model which can be quantitatively
evaluated against other methods to validate whether the use of RSDL is equal to, worse than, or supcrior to other
available methods of OC and CS removal or mitigation.

EVALUATING RSDL EFFECTIVENESS AGAINST BW AGENTS

RSDL was originally developed as a system for the removal and destruction of CW agents. Increasingly, we are asked
about its usefulness and effectiveness against Biological Warfare agents. Two tests carried outin the last two years have
indicated that the presence of RSDL may have positive effects in inhibiting or destroying some BW agents.

It was shown that some BW agent simulants could be destroyed by contact with RSDL. Other BW agentsimulants
were noteffected by the presence of RSDL but did appear to be taken into solution where they could at least be controlled
and removed.

It is our intent, based on these results, to further study the effects of RSDL on actual BW agents including bacteria.
viruses, toxins and spores to determine to what extent the presence of RSDL either destroys or inhibits their actions.
and further, to determine how effective RSDL is in lifting and removing various types of agents for which it does not
provide reasonablyrapid destruction. The usefulness of RSDL versus other typical means will be considered to determine
whether RSDL provides a significant increase in performance versus other means of BW agent removal.

Current use of RSDL for BW agent containmentwithin the CASCAD-COLPRO system would contain and destroy
all biological agents through the immediate use of RSDL to contain the contacted agent preventing inhalation, the use
of the shower system for removal of RSDL and any remaining live agent and finally the residual agent would be
destroyed by the reuse of the shower water as part of the vehicle decontamination process. Application of the CASCAD
chemicals would ensure the rapid and full destruction of any remaining BW agent materials in the source water. part of
which would be from the shower system.

CURRENT STATE OF REGULATORY REVIEW IN CANADA

The Canadian Forces made a decision to review and present their CW and BW defense materials to the Canadian federal
health regulatory body, Health Canada (HC), for licensing for use in the same manner as civilian developed drugs.
medical devices, etc. under the Federal Government medical controls system.

RSDL, as the first line personal decontamination system for the entire Canadian Forces, is therefore being put
through this process. This means that all of the data gathered to date regarding formula, efficacy, safety. stability. and
production is being reviewed and scrutinized in order to be submitted as part of the licensing request (New Drug
Submission). In some cases the data is having to be recreated and this is causing some concerns as this redevclopment
and retesting may be seen toimply that previous product was not manufactured or tested as rigorously as possible. This
is not the case, but it is necessary to ensure that the process is completed exactly as required by HC in orderto be eligible
for the issuance of a Drug Identification Number (DIN) at the conclusion of the review.

In addition, a few areas of "normal" testing which are required by the regulatory process, specifically those relating
to the testing of the active ingredient(drug substance), are rather unique when consideringRSDL. The key active material
used is novel and unique, and thus most test methods required need to be developed or extensively validated priorto their
acceptance by health authorities. This adds considerable time and cost to the process. In addition, RSDL and its active
ingredients cannot be tested in an aqueoussystem. The typical test methods, which assume aqueous solubility for testing.
cannot be used, adding further difficulty and complication. This is a key area to consider with materials such as this since
any proposed test method must be fully validated and accepted by the governing Health Authorities.

The manufacturing aspects of any medical or drug related licensing submission are extensive, but as RSDL has
always been produced by the current licensee in a pharmaceutical grade facility, this is well under control. Had the
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production not been completed in this type of facility a number of problems including the extensive traceability of
produced lots, the batch and packaging records, and the qualification of pharmaceutical grade suppliers would not
necessarily have occurred, and certainly would not have been done as quickly.

Finally the testing of this type of product in clinical study is severely limited as the typical "double blind" test
protocol would result in some very adverse reactions for one quarter of the test subjects. Thus itis necessary to use the
other developmentaltests and simulation to demonstrate the necessity of and efficacy of the product. Clinical testing will
be limited to the "null case" or the application of the candidate material to an unaffected person - essentially skin
sensitivity testing - once the initial review of the existing lab tests is completed and the Health Authorities have given
permission to go ahead.

It is hoped that the remaining testing will be completed within the next 18 months so that an applicationfor a DIN
can then be submitted.
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NOTES

1. All testing referenced has been completed by the Canadian Forces, by, or on behalf of other Governments.

2. Agents such as Lewisite, which contains Arsenic, will be broken down but the Arsenic must be considered at the
decontamination station as it will remain, in a less toxic form, in the lotion residue.

3. CASCAD-COLPRO: CAnadian System for Chemical-biological Agent Decontamination - COLlective
PROtection enclosure
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Short Term Goal : Discover novel inhibitors of Botulinus neurotoxin A
Long Term Goal : Design oral inhibitors of Botulinus neurotoxin A

BACKGROUND :
Botulinus neurotoxin A (Botox A) is one of several protein toxins from clostridium botulinum which cause

paralytic syndromes resulting from blockade of neurotransmitter release. These toxins are all zinc
endopeptidases acting in the neuronal cytosol: Botox B, D, F and G as well as tetanus toxin attack
specifically VAMP (also called synaptobrevin) —a protein of synaptic vesicles; Botox A and E cleave
SNAP-25 and Botox C acts on syntaxin — both proteins of the presynaptic membrane

Botox A is a 150K protein made up of a 50K light chain (amino acids 1-448) and a 100K heavy chain
(amino acids 449-1296) which are held together by a disulfide bond (C430-C454). The heavy chain
contains a transmembrane domain (residues 659-681) which inserts into the neuronal cell membrane and
enables the light chain to access the interior of the neuron. Intracellular reduction of the interchain disulfide
activates the proteolytic activity of the light chain (zinc-binding domain HELIH, residues 223-227) which
then cleaves the protein SNAP-25 and disables the docking mechanism required for exocytosis of
neurotransmitter.

SNAP-25 is one component of the so-called SNARE complex which is responsible for docking synaptic
vesicles and fusion to the cell membrane as the immediate precursor event to transmitter release. The
SNARE complex is a four-helix bundle made up of two small proteins, namely VAMP and syntaxin, and a
larger protein SNAP-25 which doubles back on itself and provides two of the four threads of the helix
bundle. SNAP-25 also contains a lipid anchor region (amino acids 85-92) between the two helical threads.
which lines up with transmembrane domains at the C-termini of both VAMP and syntaxin (Poirier et al.
Nature Structural Biology 5:765,1998). . Whereas Botox A selectively cleaves the Ginl 87-Arg203 bond
near the C-terminus of SNAP-25, the other botulinus neurotoxins each cleave selectively a different peptide
bond within one of the three target proteins which comprise the SNARE complex.

A repeating motif exists within the sequences of all three of the proteins of the SNARE complex which.
when introduced in the form of synthetic peptides of about ten residues in length, inhibits the actions of
botulinus toxins on the SNARE complex (Rossetto et al, Nature 372: 416, 1994). For example one version
of the repeating motif present in VAMP, designated V2 and having the sequence 62ELDDRADALQ71.
blocks the neurotoxic actions of Botox A and B when the peptide is injected into cultured Aplysia neurons.
The significance of the repeating SNARE motif, which appears twice on each of the four threads of the
SNARE helix bundle upstream of the cleavage sites, is not well understood, although it presumably acts as
a recognition site for binding of some other biomolecule(s), and may also be used by Botox as a binding-
recognition element. In agreement with this, cross recognition of the target proteins by the various toxins
occurs: Botox A inhibits VAMP proteolysis by Botox. B, and Botox B and tetanus inhibit the cleavage of
SNAP-25 by Botox A. Moreover serum albumin, which contains SNARE motifs within helical regions of
its secondary structure (183DELRD187 and 255DDRAD259), inhibits the cleavage of synthetic substrate
by Botox A.

Thus although the mechanism of action of V2 (and other variants of the SNARE motif) is not proven, it
could involve binding to a complementary recognition site on Botox resulting in inhibition of productive
binding of Botox to the SNARE complex. Interestingly, possible complementary SNARE motifs
(592KKVNK596 and 701KRNEK?705 in the heavy chain, and 335KLKFDK340 and 359KVLNRK364 in
the light chain) exist in Botox A.




STRATEGY :

Several possible strategies for inhibiting Botox exist:

block the transmembrane domain of Botox and prevent cell entry, e.g. complementary peptides, antibodies:
block the proteolytic site of Botox, e.g. substrate inhibitors, selective chelation of zinc;

block the interaction of Botox with binding-recognition motif, e.g. mimics of SNARE motif which bind to
complementary site(s) on Botox.

The first strategy has potential application prior to exposure to toxin (e.g. immunization), as well as for the
deactivation of toxin in body fluids after exposure. The latter strategies, on the other hand, have the
potential for providing total body treatment after toxin exposure - assuming that the therapeutic agent is
able to cross cell membranes and inactivate toxin which has already entered the cell. Whereas agents based
on active site inhibitors will have to be tailored to individual variants of Botox, therapies based on the
SNARE motif have the potential to treat poisoning by all forms of Botox as well as tetanus.

Active sites of zinc proteases:

The most widely studied of all the zinc proteases is carboxypeptidase A (CPA), and information
on the mechanism of action of this enzyme serves a useful basis for understanding other related zinc
enzymes such as Botox.

Detailed X-ray studies on CPA have illustrated that the tetradentate zinc atom sequesters a single
water molecule and is tethered by coordination to the imidazole groups of His-69 and His-196 as well as to
the carboxylate of Glu-270. CPA undergoes a conformational change on binding of the substrate Gly-Tyr
in which the guanidinium group of Arg-145 moves 2A to form a salt bridge with the C-terminus of the
substrate, the carboxyl group of Glu-270 moves 2A away from the zinc atom and forms a salt bridge with
the amino group of the substrate (can only occur with dipeptide), and the phenolic group of Tyr-248 moves
12A to within 3A of the scissile bond (Reeke et al, PNAS 57, 2220, 1967). Chemical modification studies
have suggested that Tyr-248 is essential for the peptidase activity, but not the esterase activity, of CPA. A
catalytic mechanism has been proposed in which the susceptible carbonyl oxygen of the substrate
coordinates to zinc and the Glu-270 carboxylate attacks the carbony! carbon to form a mixed anhydride
intermediate, which is subsequently hydrolyzed by a base catalyzed mechanism involving the nascent water
molecule (Zn-OH).

The best inhibitors of CPA are generally compounds which coordinate to the active site zinc and either
sequester the zinc atom away from the enzyme or prevent access of the substrate to the catalytic centre.
These include thiols, amines/imines, flavonoids, and a range of anionic groups including carboxylates.
phosphonates, etc.The most potent inhibitors will be those having an exact fit to the active site of the
enzyme which is accompanied by strong attractive forces resuiting in high affinity binding not only (o the
zinc atom but also to the enzyme’s peptidic groups.

Due to its preference for basic amino acid residues, the enzyme most like Botox A is carboxypeptidase B.
CPB differs from CPA in that it contains three disulfides (CPA has only one) and the coordination of zinc
involves a free Cys thiol. Exchange of zinc for cadmium in CPB results in only esterase activity (no
peptidase activity). Replacement of Asp-253 (which normally binds the basic sidechain of the substrate)
with Lys gave a reversed-polarity mutant of human CPB which hydrolyzed hippuryl-L-glutamic acid (Edge
et al, Protein Eng. 11, 1229, 1998).

The best inhibitors of CPA are benzyl- or alkyl-succinic acids and, assuming some parity between CPA and
CPB, likely inhibitors of CPB would be aminoalkyl- or guanidinoalkyl-succinic acids. For reasons of
specificity, it follows that those considerations which apply to CPB will likely also apply to Botox A.
Accordingly, peptide libraries directed towards the active site of Botox A should be rich in basic and acidic
moieties. Interestingly, acidic residues are also a characteristic of the SNARE motif, so that peptide
libraries composed of these residues should interact with both the catalytic site and the SNARE motif site
and act as dual inhibitors.




Regardless of mechanism, one approach to producing improved inhibitors of Botox is to identify the
structural elements of V2 (and other SNARE motifs) which make it an effective inhibitor and then
reconstruct these components into a smaller and preferably nonpeptidic molecule which would be able to
traverse membanes, thereby providing not only access to the inside of cells but also the potential for oral
activity. A streamlined and efficient approach to this goal is to create a library of small semimimetic
peptides containing the essential elements of the repeating motif in the SNARE complex, identify the most
active peptide in the mixture by iterative deconvolution of the library, and then restructure the best
semimimetic peptide identified into a fully fledged nonpeptide mimetic using computer molecular
modelling techniques.

The important structural feature of the SNARE motif is comprised of an amino acid sequence made up of
residues: '

A-A-x-x-A-x-Xx
where A=acidic residue and x=nonpolar or polar residue.

Due to the helical arrangement of these groups within the secondary structure of the SNARE proteins from
which they are derived, the end result is a cluster of three neighbouring negative charges juxtaposed by a
nonpolar moiety. In other words, the required motif can be envisaged as three negatively charged groups
mounted in close proximity on a hydrophobic template. The simplest representation of this which comes to
mind is a benzene ring with three carboxymethyl groups attached at the 1, 3 and 5 positions. Other
variations on this theme can also be easily envisaged, and a number of commercially available compounds .
which fit this general scheme are being investigated for inhibitory activity in our laboratory, together with
several peptide libraries which have been designed and synthesized with these considerations in mind.

Design and Synthesis of Peptide Libraries:
One library has been synthesized which is designed to mimic the SNARE motif:
SN-1 = Ac -X1-X2-LINKER-X3-X4-NH2,

where X1, X2, X3 & X4 are mixtures of Asp, Glu, Gln and Arg,
and the LINKER group is 4-aminobutyric acid

The rationale for the design of the peptide minilibrary SN-1 is based on the preponderence of acidic
residues in SNARE motifs, together with the occurrence of other residues in SNARE motifs which can
provide solubility properties to the libraries — hence the inclusion of Arg and Gin in SN-1. The multiple
negative charges represented by the Asp and Glu residues, when mounted around the flexible linker group
4-aminobutyric acid (Abu), should engender structural and conformational variations on the SNARE motif
which will inhibit Botox '

Coincidentally the Gln and Arg residues in SN-1 are also representative of the scissile bond (Q-R) in the
Botox A substrate, so that the peptide minilibrary SN-1 doubles in a rudimentary way as a substrate mimic.
This parallels the classical approach to inhibitor discovery, which is usually done by minor modification of
substrate structure leading to compounds which bind to the active site but are not cleaved by the enzyme.
Accordingly, incorporating residues of the scissile bond (Gin-Arg) into peptide libraries such as SN-1
should provide structural and conformational characteristics which might result in substrate-based
inhibitors. Clearly SN-1 contains the potential for containing inhibitors based not only on the SNARE motif
but also on substrate structure.

Another consideration for the design of peptide libraries with inhibitory potency is the inclusion of residues
which would be expected to coordinate to the active site zinc atom of Botox, namely Cys and His as well as
acidic residues. The approach here is to create a peptide library containing an array of zinc binding




elements in a variety of different formats, wherein there should be individual peptides which recognise not
only the zinc atom but also unique aspects of the active site of Botox A in which the zinc atom resides. The
intent is to produce zinc targeted inhibitors which show selectivity for Botox over other zinc
metalloenzymes.

An example of a library targeted to produce active site zinc inhibitors is:-
SN-3: Ac-X1-X2-Abu-X3-X4-NH2

where Ac = acetyl, Abu = 4-aminobutyric acid, and X1, X2,. X3, and X4 are mixtures of the amino acids
Asp, Glu, His and Cys.

This library contains both active site zinc directed probes and variations on the SNARE motif within
the same basis set (library) of peptides. '

Conformational properties of target binding sites:

Before intricate design work on inhibitors of Botox can be undertaken, details of the three dimensional
conformation of the target sequence must be elucidated. In the case of Botox A, the substrate SNAP-25 is
believed to form part of a four helix protein bundle which is anchored into the presynaptic membrane.
Actually the cleavage site targeted by Botox A is near the C-terminus of SNAP-25. which is far removed
from the the central lipid anchor region of SNAP-25. Similarly the amino acid sequences representing the
four SNARE motifs of SNAP-25 (S1, S2, S3 and S4) reside in the central part of the SNARE complex
away from the lipid anchor domain found at one end of the tubular bundle. Accordingly. it is not clear if the
environment surrounding the sequences representing not only the cleavage site but also the SNARE motifs
is primarily polar (aqueous) or nonpolar (membrane lipid) in character.

As a precautionary measure we have conducted conformational calculations on these target sequences
firstly in a nonpolar environment and subsequently in a polar environment. Semiempirical energy
minimization calculations carried out on the substrate SNAP-25 (187-203) revealed that this peptide takes
up a helical conformation in a nonpolar environment (in vacuo), but that the introduction of water
molecules into the environment results in unravelling of the helix. Accordingly the conformation of this
peptide is highly dependent on environment, although the spatial arrangement of amino acid sidechains in
the critical region of the QR scissile peptide bond remains the same. It is not clear if Botox A is likely to
preferentially recognize either the helical conformation or the disrupted conformation, and at present there
is no way of knowing which of the two conformations would be appropriate for design work on potential
active site inhibitors.

Likewise, semiempirical calculations on'the SNARE motifs V2 and S3 have revealed helical structures in a
nonpolar environment which become disrupted in the presence of water. Again, since there is no way of
knowing which is the biologically relevant conformation, it is not possible to conduct design work based on
the information presently available. Consequently we have elected to proceed with peptide library
investigations in the hope that the identification of a bioactive semimimetic peptide will provide the answer
to this question. Thus, eventually it should be possible to identify from library screening, a potent inhibitory
ligand containing the essential structural elements of the SNARE motif, which is sufficiently
conformationallly restricted that it can only take up one of the two SNARE motif conformations - either
that found in membranes or that found in water. At that stage it will then be possible to use the appropriate
conformational model for further detailed design work.

Optimization of assay conditions:

Several laboratories have reported assays of Botox A activity against various substrates. Rossetto et al
(1994) investigated the action of Botox A against intact SNAP-25 and found that only the reduced form of
the enzyme (pretreated with 10mM DTT for 30 min at 37C) could cleave the substrate. For the subsequent
incubation with substrate, they used SmM HEPES buffer pH 7.4 for 60 min at 37C, without the addition of




supplementary zinc. These authors also reported that the enzyme was blocked by 10mM EDTA (zinc
chelator) or by 1.4mM captopril (zinc endopeptidase inhibitor).

Schmidt & Bostian (1997) studied the activity of Botox A towards a number of short synthetic substrates
derived from the cleavage site of SNAP-25 and found that peptides of at least 15 residues were required for
cleavage by the reduced form of the enzyme. Incubations were carried out in 30mM HEPES buffer pH 7.3
in the presence of SmM DTT, 250uM zinc and Img/ml BSA for 10min at 37C. Activity against these
substrates required the presence of BSA and increased with increasing concentrations of BSAtoa
maximum effect at 1mg/ml BSA. The activity was blocked by SmM EDTA or 100mM Tris (zinc
chelators).

In this laboratory we have investigated the effects of pH and varying concentrations of zinc and DTT on the
activity of the reduced enzyme. Reduction was accomplished by incubating the enzyme with 20mM fresh
DTT at 37° for 30min in S0mM HEPES pH 8. After reduction optimal activity against a 17mer peptide
from SNAP-25(residues 187-203) was observed by preincubating the enzyme (5nM) in 15mM HEPES
buffer pH 6.9 in the presence of 1uM zinc and 0.5mM DTT for 5 hr before addition of the substrate
(50uM). After 30min the reaction was terminated with an equal volume of 1% TFA and the products
determined by HPLC. The activity was inhibited in the complete absence of zinc or in the presence of zinc
concentrations above 10uM, and was also inhibited by 10mM DTT. These findings illustrate that Botox A.
like many other zinc endopeptidases, requires the presence of zinc but is inhibited by excess zinc. In
addition, since high concentrations of DTT can inhibit, possibly due to the zinc chelating properties of
DTT, a careful balance between zinc and DTT concentrations must be engendered.

Inhibitors of Botox A:

In our studies a number of compounds were found to inhibit the Botox A mediated cleavage of the 17-
amino acid synthetic peptide substrate

Ac-SNKTRIDQANQRATKML-NH2, which derives from the C-terminal part (residues 187-203) of
SNAP-25 and contains the scissile QR peptide bond targeted by Botox A (Table 1). Several thiol-
containing compounds, namely dithiothreitol (widely used to reduce disulphide bonds in proteins), DMPS
(a potent chelator of heavy metals) and Captopril (a clinical inhibitor of the zinc dipeptidase Angiotensin
Converting Enzyme) block the cleavage of this substrate. However the non-thiol ACE inhibitor Lisinopril
was ineffective, whereas the non-thiol prodrug ACE inhibitor enalapril was an effective inhibitor. The thiol
compounds DMPS, captopril and DTT presumably act by a mechanism involving sequestration of the zinc
atom at the active site of Botox A. The inhibitory activity of enalapril was unexpected but could suggest an
affinity for the active site of Botox A which is not shared by lisinopril.

The synthetic peptide V2 was also able to inhibit Botox A, but at a higher concentration (SmM) than has
been observed previously in vivo when SNAP-25 was the substrate (100uM, see Rossetto et al 1994). This
may reflect the absence of SNARE motif in the short synthetic substrate used for the present studies.

Interestingly serum albumin (10uM), which contains the SNARE motif in duplicate, inhibited cleavage of
SNAP-25(187-203) under our assay conditions which had been optimized for zinc (1luM) and DTT
(0.5mM) concentrations. In contrast Schmidt & Bostian (J.Protein Chem. 16: 19, 1997) observed that in the
presence of 250uM zinc and SmM DTT cleavage of this substrate by Botox A only occurred in the
presence of BSA; our findings would suggest that this was probably due to sequestration of inhibitory
levels of zinc/DTT by BSA.

Investigations of SN-1 on the Botox A cleavage of substrate have shown that this peptide
minilibrary does inhibit the enzyme activity (Table 1). This suggests that variations on the SNARE motif
present in the library mixture may interfere with binding of Botox to the substrate. However a series of
peptides which were selected for their potential to represent simple variations on the SNARE motif, i.e.
Glu-Glu, Glu-Glu-Leu, Glu-Glu-Glu and Glu-Pro-Glu-Thr, were generally inactive (data not shown), with
the notable exception of Glu-Glu-Glu. A number of peptides with potential complementary sequences of
the SNARE motif, i.e. Lys-Arg, Lys-Lys, Orn-Orn, Lys-Lys-Lys, Orn-Orn-Orn and Lys-Phe-Gly-Lys.
were inactive as expected because the synthetic 17mer peptide substrate used for the assay lacks the
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repeating SNARE motifs that are present in the longer SNAP-25 natural substrate. However these basic
peptides would be expected to inhibit the cleavage of SNARE proteins by Botox enzymes in general. if
they bind well to the SNARE recognition motifs in these proteins.

Interestingly glycyrrhizic acid, which is a steroid glycoside containing 3 carboxylate groups, was able to
inhibit Botox (Table 1). This finding, as with Glu-Glu-Glu, suggests that certain configurations of negative
charges are able to approximate the SNARE motif and inhibit Botox A. However in the final analysis it
would appear that the most potent inhibitor of Botox containing a SNARE motif variation is likely to be
found in the peptide library SN-1 because each peptide in the mixture was present at 20uM concentration
(Table 1).

Finally the present experimental findings also indicate that the best inhibitors of Botox A are likely to be
derived from thiol containing compounds (the inhibitory activity of DMPS is particularly remarkable). In
agreement with this, the peptide minilibrary SN-3 turned out to be an exceptionally potent inhibitor of
Botox A (Table 1). When the overall thiol concentrations of the inhibitors are compared (Table 1) it is
apparent that the peptide library SN-3 is the most potent thiol inhibitor of Botox. Furthermore it is very
likely that SN-3 contains a peptide(s) which is a more potent inhibitor than DMPS.

We are currently evaluating SN-3 inhibition of other related zinc protease neurotoxins namely Botulus B
and tetanus neurotoxin. The intent is to deconvolute the library and determine which peptide in the mixture

is the best inhibitor of Botox A and which peptide in the library is the best inhibitor of Botox B and tetanus.

The expectation is that there will be sufficient differences in the active sites of the toxins to yield different
optimal inhibitors from the same ‘hinge’ peptide minilibrary.
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Table 1. Inhibition of Botox

Inhibitor Concentration (mM) % Inhibition* -SH Concentration (mM)
Dithiothreitol 1 26 2

DMPS* 0.1 ‘ 72 0.2

Captopril 1 76 1

Lysinopril 5 7 0




Enalapril 5 40 0
V2 (ELDDRADALQ) 5 40 0
Glu-Glu-Glu 5 22 0
Glycyrrizic acid 5 55 0
Library SN-1 5 (20 uM)’ 16 0
Library SN-3 0.5 uM)’ 51 0.125
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BOTULINUS NEUROTOXIN INHIBITORS
Short Term Goal: Discover novel! inhibitors of Botulinus neurotoxin A
Long Term Goal: Design oral inhibitors of Botulinus neurotoxin A

BACKGROUND

Botulinus neurotoxin A (Botox A) is one of several protein toxins from clostridium botulinum, which cause paralytic
syndromes resulting from the blockage of neurotransmitter release. These toxins are all zinc endopeptidases acting
in the neuronal cytosol: Botox B, D, F and G as well as tetanus toxin attack specifically VAMP (also called
synaptobrevin) — a protein of synaptic vesicles; Botox A and E cleave SNAP-25 and Botox C acts on syntaxin -
both proteins of the presynaptic membrane

Botox A is a 150K protein made up of a S0K light chain (amino acids 1-448) and a 100K heavy chain (amino
acids 449-1296) which are held together by a disulfide bond (C430-C454). The heavy chain contains a
transmembrane domain (residues 659-681) which inserts into the neuronal cell membrane and enables the light
chain to access the interior of the neuron. Intracellular reduction of the interchain disulfide activates the proteolytic
activity of the light chain (zinc-binding domain HELIH, residues 223-227) which then cleaves the protein SNAP-25
and disables the docking mechanism required for exocytosis of the neurotransmitter.

SNAP-25 is one component of the so-called SNARE complex, which is responsible for docking synaptic
vesicles and fusion to the cell membrane as the immediate precursor event to transmitter release. The SNARE
complex is a four-helix bundle made up of two small proteins, namely VAMP and syntaxin, and a larger protein
SNAP-25 which doubles back on itself and provides two of the four threads of the helix bundle. SNAP-25 also
contains a lipid anchor region (amino acids 85-92) between the two helical threads, which lines up with
transmembrane domains at the C-termini of both VAMP and syntaxin (Poirier et al, Nature Structural Biology
5:765,1998). Whereas Botox A selectively cleaves the GIn187-Arg203 bond near the C-terminus of SNAP-25. the
other botulinus neurotoxins each selectively cleave a different peptide bond within one of the three target proteins
which comprise the SNARE complex.

A repeating motif exists within the sequences of all three of the proteins of the SNARE complex which. when
introduced in the form of synthetic peptides of about ten residues in length, inhibits the actions of botulinus toxins
on the SNARE complex (Rossetto et al, Nature 372: 416, 1994). For example one version of the repeating motif
present in VAMP, designated V2 and having the sequence 62ELDDRADALQ71, blocks the neurotoxic actions of
Botox A and B when the peptide is injected into cultured Aplysia neurons. The significance of the repeating SNARE
motif, which appears twice on each of the four threads of the SNARE helix bundle upstream of the cleavage sites. is
not well understood. Presumably it acts as a recognition site for binding of some other biomolecule(s). and may also
be used by Botox as a binding-recognition element. In agreement with this, cross recognition of the target proteins
by the various toxins occurs: Botox A inhibits VAMP proteolysis by Botox B, and Botox B and tetanus inhibit the
cleavage of SNAP-25 by Botox A. Moreover serum albumin, which contains SNARE motifs within helical regions
of its secondary structure (183DELRD187 and 255DDRAD?259), inhibits the cleavage of synthetic substrate by
Botox A.

Thus although the mechanism of action of V2 (and other variants of the SNARE motif) is not proven. it could
involve binding to a complementary recognition site on Botox resulting in inhibition of productive binding of Botox
to the SNARE complex. Interestingly, possible complementary SNARE motifs (592KKVNK596 and
701KRNEK705 in the heavy chain, and 335KLKFDK?340 and 359KVLNRK?364 in the light chain) exist in Botox A.

STRATEGY
Several possible strategies for inhibiting Botox exist:
* Block the transmembrane domain of Botox and prevent cell entry, e.g. complementary peptides, antibodies;
* Block the proteolytic site of Botox, e.g. substrate inhibitors, selective chelation of zinc;
*» Block the interaction of Botox with binding-recognition motif, e.g. mimics of SNARE motif, which bind to
complementary site(s) on Botox.




The first strategy has potential application prior to exposure to toxin (e.g., immunization), as well as for the
deactivation of toxin in body fluids after exposure. The latter strategies, on the other hand, have the potential for
providing total body treatment after toxin exposure - assuming that the therapeutic agent is able to cross cell
membranes and inactivate toxin which has already entered the cell. Whereas agents based on active site inhibitors
will have to be tailored to individual variants of Botox, therapies based on the SNARE motif have the potential to
treat poisoning by all forms of Botox as well as tetanus.

Active sites of zinc proteases

The most widely studied of all the zinc proteases is carboxypeptidase A (CPA), and information on the
mechanism of action of this enzyme serves a useful basis for understanding other related zinc enzymes such as
Botox.

Detailed X-ray studies on CPA have illustrated that the tetradentate zinc atom sequesters a single water
molecule and is tethered by coordination to the imidazole groups of His-69 and His-196 as well as to the carboxylate
of Glu-270. CPA undergoes a conformational change on binding of the substrate Gly-Tyr, in which the guanidinium
group of Arg-145 moves 2A to form a salt bridge with the C-terminus of the substrate, the carboxyl group of Glu-
270 moves 2A away from the zinc atom and forms a salt bridge with the amino group of the substrate (can only
occur with dipeptide), and the phenolic group of Tyr-248 moves 12A to within 3A of the scissile bond (Reeke et al.
PNAS 57, 2220, 1967). Chemical modification studies have suggested that Tyr-248 is essential for the peptidase
activity, but not the esterase activity, of CPA. A catalytic mechanism has been proposed in which the susceptible
carbonyl oxygen of the substrate coordinates to zinc and the Glu-270 carboxylate attacks the carbonyl carbon to
form a mixed anhydride intermediate, which is subsequently hydrolyzed by a base catalyzed mechanism involving
the nascent water molecule (Zn-OH).

The best inhibitors of CPA are generally compounds that coordinate with the active site zinc and cither
sequester the zinc atom away from the enzyme or prevent access of the substrate to the catalytic center. These
include thiols, amines/imines, flavonoids, and a range of anionic groups including carboxylates, phosphonates. cte.
The most potent inhibitors will be those having an exact fit to the active site of the enzyme which is accompanied by
strong attractive forces resulting in high affinity binding not only to the zinc atom but also to the enzyme’s peptidic
groups.

Due to its preference for basic amino acid residues, the enzyme most like Botox A is carboxypeptidase B. CPB
differs from CPA in that it contains three disulfides (CPA has only one) and the coordination of zinc involves a free
Cys thiol. Exchange of zinc for cadmium in CPB results in only esterase activity (no peptidase activity).
Replacement of Asp-253 (which normally binds the basic sidechain of the substrate) with Lys gave a reversed-
polarity mutant of human CPB which hydrolyzed hippuryl-L-glutamic acid (Edge et al, Protein Eng. 11. 1229,
1998).

The best inhibitors of CPA are benzyl- or alkyl-succinic acids and, assuming some parity between CPA and
CPB, likely inhibitors of CPB would be aminoalkyl- or guanidinoalkyl-succinic acids. For reasons of specificity. it
follows that those considerations which apply to CPB will likely also apply to Botox A. Accordingly. peptide
libraries directed towards the active site of Botox A should be rich in basic and acidic moieties. Interestingly. acidic
residues are also a characteristic of the SNARE motif, so that peptide libraries composed of these residues should
interact with both the catalytic site and the SNARE motif site and act as dual inhibitors.

Regardless of mechanism, one approach to producing improved inhibitors of Botox is to identify the structural
elements of V2 (and other SNARE motifs) that make it an effective inhibitor. Then reconstruct these components
into a smaller and preferably nonpeptidic molecule, which would be able to traverse membranes, thereby providing
not only access to the inside of cells, but also the potential for oral activity. A streamlined and efficient approach to
this goal is to create a library of small semimimetic peptides containing the essential elements of the repeating motif
in the SNARE complex, identify the most active peptide in the mixture by iterative deconvolution of the library. and
then restructure the best semimimetic peptide identified into a fully fledged nonpeptide mimetic using computer
molecular modeling techniques.

The important structural feature of the SNARE motif is comprised of an amino acid sequence made up of
residues:

A-A-x-x-A-x-X

Where A = acidic residue and x = nonpolar or polar residue.

Due to the helical arrangement of these groups within the secondary structure of the SNARE proteins from
which they are derived, the end result is a cluster of three neighboring negative charges juxtaposed by a nonpolar
moiety. In other words, the required motif can be envisaged as three negatively charged groups, mounted in close
proximity on a hydrophobic template. The simplest representation of this that comes to mind, is a benzene ring with
three carboxymethyl groups attached at the 1, 3 and 5 positions. Other variations on this theme can also be easily




envisaged, and a number of commercially available compounds that fit this general scheme are being investigated
for inhibitory activity in our laboratory, together with several peptide libraries which have been designed and
synthesized with these considerations in mind.

DESIGN AND SYNTHESIS OF PEPTIDE LIBRARIES
One library has been synthesized which is designed to mimic the SNARE motif:

SN-1 = Ac -X1-X2-LINKER-X3-X4-NH2,

Where X1, X2, X3 & X4 are mixtures of Asp, Glu, Gln and Arg, and the LINKER group is 4-aminobutyric acid

The rationale for the design of the peptide minilibrary SN-1 is based on the preponderance of acidic residues in
SNARE motifs, together with the occurrence of other residues in SNARE motifs which can provide solubility
properties to the libraries — hence the inclusion of Arg and Gin in SN-1. The multiple negative charges represented
by the Asp and Glu residues, when mounted around the flexible linker group 4-aminobutyric acid (Abu). should
engender structural and conformational variations on the SNARE motif which will inhibit Botox.

Coincidentally, the Gln and Arg residues in SN-1 are also representative of the scissile bond (Q-R) in the Botox
A substrate, so that the peptide minilibrary SN-1 doubles in a rudimentary way as a substrate mimic. This parallels
the classic approach to inhibitor discovery, which is usually done by minor modification of substrate structurc
leading to compounds that bind to the active site but are not cleaved by the enzyme. Accordingly, incorporating
residues of the scissile bond (GlIn-Arg) into peptide libraries such as SN-1 should provide structural and
conformational characteristics that might result in substrate-based inhibitors. Clearly SN-1 contains the potential for
containing inhibitors based not only on the SNARE motif but also on substrate structure.

Another consideration for the design of peptide libraries with inhibitory potency is the inclusion of residucs
which would be expected to coordinate to the active site zinc atom of Botox, namely Cys and His as well as acidic
residues. The approach here is to create a peptide library containing an array of zinc binding elements in a varicty of
different formats, wherein there should be individual peptides which recognize not only the zinc atom but also
unique aspects of the active site of Botox A in which the zinc atom resides. The intent is to produce zinc targeted
inhibitors that show selectivity for Botox over other zinc metalloenzymes.

An example of a library targeted to produce active site zinc inhibitors is:-

SN-3: Ac-X1-X2-Abu-X3-X4-NH2

where Ac = acetyl, Abu = 4-aminobutyric acid, and X1, X2,. X3, and X4 are mixtures of the amino acids Asp.
Glu, His and Cys.

This library contains both active site zinc directed probes and variations on the SNARE motif within the
same basis set (library) of peptides.

CONFORMATIONAL PROPERTIES OF TARGET BINDING SITES
Before intricate design work on inhibitors of Botox can be undertaken, details of the three-dimensional
conformation of the target sequence must be elucidated. In the case of Botox A, the substrate SNAP-25 is believed
to form part of a four-helix protein bundle that is anchored into the presynaptic membrane. Actually the cleavage
site targeted by Botox A is near the C-terminus of SNAP-25, which is far removed from the central lipid anchor
region of SNAP-25. Similarly the amino acid sequences representing the four SNARE motifs of SNAP-25 (S1. S2.
S3 and S4) reside in the central part of the SNARE complex away from the lipid anchor domain found at one end of
the tubular bundle. Accordingly, it is not clear if the environment surrounding the sequences representing not only
the cleavage site but also the SNARE motifs is primarily polar (aqueous) or nonpolar (membrane lipid) in character.
As a precautionary measure we have conducted conformational calculations on these target sequences firstly in
a nonpolar environment and subsequently in a polar environment. Semiempirical energy minimization calculations
carried out on the substrate SNAP-25 (187-203) revealed that this peptide takes up a helical conformation in a
nonpolar environment (in vacuo), but that the introduction of water molecules into the environment results in the

helix unraveling. Accordingly, the conformation of this peptide is highly dependent on environment. although the -

spatial arrangement of amino acid sidechains in the critical region of the QR scissile peptide bond remains the same.
It is not clear if Botox A is likely to preferentially recognize either the helical conformation or the disrupted
conformation, and at present there is no way of knowing which of the two conformations would be appropriate for
design work on potential active site inhibitors.

Likewise, semiempirical calculations on the SNARE motifs V2 and S3 have revealed helical structures in a
nonpolar environment which become disrupted in the presence of water. Again, since there is no way of knowing
which is the biologically relevant conformation, it is not possible to conduct design work based on the information
presently available. Consequently we have elected to proceed with peptide library investigations in the hope that the
identification of a bioactive semimimetic peptide will provide the answer to this question. Thus, eventually it should




be possible to identify from library screening, a potent inhibitory ligand containing the essential structural elements
of the SNARE motif, which is sufficiently conformationallly restricted that it can only take up one of the two
SNARE motif conformations — either that found in membranes or that found in water. At that stage it will then be
possible to use the appropriate conformational model for further detailed design work.

OPTIMIZATION OF ASSAY CONDITIONS

Several laboratories have reported assays of Botox A activity against various substrates. Rossetto et al (1994)
investigated the action of Botox A against intact SNAP-25 and found that only the reduced form of the enzyme
(pretreated with 10mM DTT for 30 min at 37C) could cleave the substrate. For the subsequent incubation with
substrate, they used SmM HEPES buffer pH 7.4 for 60 min at 37C, without the addition of supplementary zinc.
These authors also reported that the enzyme was blocked by 10mM EDTA (zinc chelator) or by 1.4mM captopril
(zinc endopeptidase inhibitor).

Schmidt & Bostian (1997) studied the activity of Botox A towards a number of short synthetic substrates
derived from the cleavage site of SNAP-25 and found that peptides of at least 15 residues were required for cleavage
by the reduced form of the enzyme. Incubations were carried out in 30mM HEPES buffer pH 7.3 in the presence of
5mM DTT, 250uM zinc and tmg/ml BSA for 10 min. at 37C. Activity against these substrates required the presence
of BSA and increased with increasing concentrations of BSA to a maximum effect at Img/ml BSA. The activity was
blocked by SmM EDTA or 100mM Tris (zinc chelators).

In this laboratory we have investigated the effects of pH and varying concentrations of zinc and DTT on the
activity of the reduced enzyme. Reduction was accomplished by incubating the enzyme with 20mM fresh DTT at
37°for 30 min. in 50mM HEPES pH 8. After reduction optimal activity against a 17mer peptide from SNAP-25
(residues 187-203) was observed by preincubating the enzyme (5aM) in 15mM HEPES buffer pH 6.9 in the
presence of 1uM zinc and 0.5mM DTT for 5 hr before adding the substrate (50uM). After 30 min. the reaction was
terminated with an equal volume of 1% TFA and the products determined by HPLC. The activity was inhibited in
the complete absence of zinc or in the presence of zinc concentrations above 10uM, and was also inhibited by
10mM DTT. These findings illustrate that Botox A, like many other zinc endopeptidases, requires the presence of
zinc but is inhibited by excess zinc. In addition, since high concentrations of DTT can inhibit, possibly due to the
zinc chelating properties of DTT, a careful balance between zinc and DTT concentrations must be engendered.

INHIBITORS OF BOTOX A

In our studies a number of compounds were found to inhibit the Botox A mediated cleavage of the 17-amino acid
synthetic peptide substrate Ac-SNKTRIDQANQRATKML-NH2, which derives from the C-terminal part (residues
187-203) of SNAP-25 and contains the scissile QR peptide bond targeted by Botox A (Table 1). Several thiol-
containing compounds, namely dithiothreitol (widely used to reduce disulphide bonds in proteins), DMPS (a potent
chelator of heavy metals) and Captopril (a clinical inhibitor of the zinc dipeptidase Angiotensin Converting Enzyme)
block the cleavage of this substrate. However the non-thiol ACE inhibitor Lisinopril was ineffective. whereas the
non-thiol prodrug ACE inhibitor enalapril was an effective inhibitor. The thiol compounds DMPS. captopril and
DTT presumably act by a mechanism involving sequestration of the zinc atom at the active site of Botox A. The
inhibitory activity of enalapril was unexpected but could suggest an affinity for the active site of Botox A which is
not shared by lisinopril. '

The synthetic peptide V2 was also able to inhibit Botox A, but at a higher concentration (SmM) than has been
observed previously in vivo when SNAP-25 was the substrate (100uM, see Rossetto et al 1994). This may reflect the
absence of a SNARE motif in the short synthetic substrate used for the present studies.

Interestingly serum albumin (10uM), which contains the SNARE motif in duplicate, inhibited cleavage of
SNAP-25 (187-203) under our assay conditions which had been optimized for zinc ( luM) and DTT (0.5mM)
concentrations. In contrast Schmidt & Bostian (J. Protein Chem. 16: 19, 1997) observed that in the presence of
250uM zinc and SmM DTT cleavage of this substrate by Botox A only occurred in the presence of BSA. Our

findings would suggest that this was probably due to sequestration of inhibitory levels of zinc/DTT by BSA.

Investigations of SN-1 on the Botox A cleavage of substrate has shown that this peptide minilibrary does inhibit
the enzyme activity (Table 1). This suggests that variations on the SNARE motif present in the library mixture may
interfere with binding of Botox to the substrate. However a series of peptides which were selected for their potential
to represent simple variations on the SNARE motif, i.e. Glu-Glu, Glu-Glu-Leu, Glu-Glu-Glu and Glu-Pro-Glu-Thr.
were generally inactive (data not shown), with the notable exception of Glu-Glu-Glu. A number of peptides with
potential complementary sequences of the SNARE motif, i.e. Lys-Arg, Lys-Lys, Orn-Orn, Lys-Lys-Lys, Orn-Orn-
Orn and Lys-Phe-Gly-Lys, were inactive as expected because the synthetic 17mer peptide substrate used for the
assay lacks the repeating SNARE motifs that are present in the longer SNAP-25 natural substrate. However these




basic peptides would be expected to inhibit the cleavage of SNARE proteins by Botox enzymes in general. if they
bind well to the SNARE recognition motifs in these proteins.

Interestingly, glycyrrhizic acid, which is a steroid glycoside containing 3 carboxylate groups, was able to inhibit
Botox (Table 1). This finding, as with Glu-Glu-Glu, suggests that certain configurations of negative charges are able
to approximate the SNARE motif and inhibit Botox A. However in the final analysis it would appear that the most
potent inhibitor of Botox containing a SNARE motif variation is likely to be found in the peptide library SN-I
because each peptide in the mixture was present at 20uM concentration (Table 1).

Finally, the present experimental findings also indicate that the best inhibitors of Botox A are likely to he
derived from thiol containing compounds (the inhibitory activity of DMPS is particularly remarkable). In agreement
with this, the peptide minilibrary SN-3 turned out to be an exceptionally potent inhibitor of Botox A (Table 1).
When the overall thiol concentrations of the inhibitors are compared (Table 1) it is apparent that the peptide library
SN-3 is the most potent thiol inhibitor of Botox. Furthermore it is very likely that SN-3 contains a peptide(s) which
is a more potent inhibitor than DMPS. '

We are currently evaluating SN-3 inhibition of other related zinc protease neurotoxins namely Botulus B and
tetanus neurotoxin. The intent is to deconvolute the library and determine which peptide in the mixture is the hest
inhibitor of Botox A and which peptide in the library is the best inhibitor of Botox B and tetanus. The expectation is
that there will be sufficient differences in the active sites of the toxins to yield different optimal inhibitors from the
same ‘hinge’ peptide minilibrary.
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FIGURES AND TABLES
SNARE Complex: Lateral




Details of SNARE complex, showing the substrate, V2 and S3




Table 1. Compounds found to inhibit the Botox A mediated cleavage.

Inhibitor Concentration (mM) % Inhibition* -SH Concentration (mM)
Dithiothreitol 1 26 2
DMPS* 0.1 72 0.2
Captopril 1 76 1
Lysinopril 5 7 0
Enalapril 5 40 0

V2 (ELDDRADALQ) 5 40 0
Glu-Glu-Glu 5 22 0
Glycyrrizic acid 5 55 0
Library SN-1 50_M) 16 0
Library SN-3 0.5(2 M) 51 0.125




9. HEALTH CANADA'S RESPONSE TO BIOLOGICAL / CHEMICAL TERRORISM

Dr Colin Harwood
Emergency Services Division, Health Canada, Tunney's Pasture, AL:1918A, Ottawa, Ontario, K1A 0L3. Canada

CANADA'S NATIONAL COUNTER-TERRORISM PLAN (Interim, July 1998)

1. In the event of a Nuclear, Biological or Chemical terrorist threat, Health Canada (HC) develops scientific and
human health assessments and provides certain services in the event of a major emergency. HC also assists in the
identification, investigation, prevention and control of human disease, as well as the monitoring and investigation of
infectious diseases.

2. A special committee meets to assess the nature, credibility and feasibility of any NBC threat, assesses the short
and long term consequences of its execution and recommends mitigating and preventive measures. advising on
recovery measures to senior bureaucrats.

3. Also available are: an NBC Response Team, a Hostage Rescue Unit, and various Operations Centers.

HEALTH CANADA ROLES (provisional)
National guidelines/standards,
Training/awareness,
Risk communication,
Expert knowledge regarding public health issues & appropriate health control measures,
A research agenda,
Drug and medical equipment stockpiling,
Epidemiological support:
surveillance (including field work as needed)
requirements for post-exposure prophylaxis - exposed vs. unexposed  people;
Diagnostic and laboratory investigative support,
Partnerships,
Medical countermeasures such as drug regulation and the Special Access Program (SAP) - which gives
authority to individual doctors for the use of unlicensed products in special circumstances.

THE ADVISORY GROUP ON NBC INCIDENTS (AGNBC):
The AGNBC is a small group of professionals who advise Health Canada and our Emergency Preparedness
Organization on the health implications of NBC agents.
The AGNBC's tasks are to:

Identify those agents most likely to be involved in emergency situations;

draw up clinical treatment protocols;

determine what stocks are needed to provide a ready availability of therapeutic Agents in the event of an NBC

emergency; '

liaise with the SAP program to ensure that adequate supplies of drugs and other therapies are available when the

need arises;

provide advice on specific measures to protect field health workers in NBC situations and on the most

appropriate care of those affected by such an attack;

develop strategies for the use of collected information (to be stored in a database);

develop a network of communications; and

assist in the consequence management of the results of such an attack

Current AGNBC members include physicians and pharmacists who are experts in the use of therapeutic

products, adverse drug reactions, narcotics and medical devices; a member from the drug Special Access Program:
and a liaison member who is in contact with inspectors in the regions/provinces, and who check for drug tampering
& recalls for example. Other persons with specific areas of expertise may be called upon for advice as needed. In a
CB emergency, AGNBC members are alerted by an operations center that is manned on a 24-hour basis. The
Chairperson is a member of a larger interdepartmental committee that deals with all aspects of terrorism and NBC
incidents.

THE NATIONAL MEDICAL STOCKPILE




Under the control of Health Canada’s Emergency Services Division, the National Medical Stockpile was initially put
in place in the early 1950s to support Canada's recovery after a nuclear attack. It has been modernized and now
includes:
200-bed Emergency Hospitals for short term, emergency care;
" Advanced Treatment Centers (ATCs) that support field triage, early medical stabilization and transport of up to

500 casualties;

Casualty Collection units: each one has initial supplies for the immediate collection, first aid and movement of

up to 500 patients;

Mini-clinics to supplement existing medical care facilities in emergency situations that overwhelm the local

facilities;

Mobile Feeding Units that are adaptable for use in any disasters;

Trauma kits: Multi-component backpacks that support patient staging areas, mini-clinics, ATCs. etc. These

include:

Basic Life Support haversack with first aid equipment & supplies
Advanced Life Support haversacks (3) with intubation, medical, [V supplies;
Reception Center Kits: Registration/inquiry material and supplies for set up and operation of reception centers
and congregate lodging; and
other equipment as needed.
Health Canada holds a limited stock of selected pharmaceuticals in support of the above assets and has

standing arrangements with major pharmaceutical producers to store and rotate additional pharmaceutical supplies.

THE CANADIAN LABORATORY CENTER FOR DISEASE CONTROL (LCDC)

The LCDC provides the overall lead and the initial contact point within HC in the field of CB-CT. LCDC has
laboratory diagnostic and biosafety services to aid in the positive identification of agents, and also has expertise in
epidemiological and population surveillance, the diagnosis of patients, plus the public health aspects of bioterrorism

BD.

PARTNERSHIPS

HC has or is prepared to make co-operative arrangements with emergency health and social service agencies in all
Canadian provinces and territories to provide needed support, either through the recruitment and deployment of
treatment specialists into an affected area, or through the reception and temporary care of evacuated victims outside
the affected province/territory, if needed. A two-day seminar was recently held with provincial representatives and
those of the major Canadian cities to improve communications and to consolidate federal, provincial and
local/municipal knowledge and plans. :

HC has arrangements with volunteer Non-governmental Organizations (NGOs) whereby they will provide
or assist in establishing and operating a victim/evacuee registration and inquiry service, as well as provide other
assistance where needed. NGOs will also co-ordinate social service resources mobilized by themselves. international
volunteers, organizations or appeals.

Other partnerships have been/are being finalized within the government, with local/municipal health
departments, various advisory bodies and international groups.

CO-ORDINATION - The various initiatives and partnerships mentioned above are being brought together
and some are being further developed by an Internal Working Group on instruction from the Federal Deputy -
Minister of Health.

THERAPEUTIC PRODUCT SHORTAGES
A 'shortage' is any situation where there is a potential that enough product will not be available to meet demand. thus
resulting in patients being untreated. The special nature of the starting materials for therapeutic products and the
variability in manufacturing processes means that the possibility of therapeutic drug shortages is a constant threat.
Roles & Responsibilities of Stakeholders: A manufacturer is not required by law to provide an
uninterrupted supply of their product or to regularly report on supplies on hand. It is, however, in the best interests
of stakeholders to work with the regulating authority by providing information and replenishing supplies as soon as
possible. We should establish a shared responsibility for shortage management with manufacturers of critical
products, their associations and other health associations. Associations could be enlisted to educate their members
on Canadian management concerns so that their members could be sensitized to such concerns and be able to
facilitate specific future shortage management activities as they occur.
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The unique situations that will arise will require a flexible approach to overcome the problems that are sure
to occur. The goals of such shortage management activity are illustrated in table 2.

STEPS NEEDED TO ANTICIPATE AND ALLEVIATE THE IMPACT OF SUCH SHORTAGES
1. Issue Identification - a clear identification of the problem aimed at limiting the expenditure of resources and
determining whether a true product shortage is imminent. The factors most likely to cause a shortage are:

a single source of raw material (lack of alternative supplies),

a single manufacturing site,

rare raw materials,

potential for pathogens,

country of origin,

products with short expiry dates, and

an essential product list.
Three factors that must be documented are:

the type of product (e.g. whole blood, vaccines, etc),

the cause of the potential shortage (e.g. increased disease incidence, discovery of a new pathogen. insufficient

raw material, lack of manufacturing capacity, distribution problems, industrial action), and

names and addresses of manufacturers.
A list of critical drugs, based on the impact a shortage would have, should be drawn up. There are two criteria for
designation of a drug as critical:

it must be an essential drug (‘essential to the basic health needs of the majority of the population’ - World Health

Organization),

it must be a medical necessity, i.e. it will prevent or control the occurrence of an epidemic, is life-saving or a

life-preserving drug for which there are no alternative products or intravenous fluids available, nor will a non-

drug treatment suffice.
2. Assessment - analyze the cause and the impact of the issue. It is crucial that manufacturers be able to provide
information on their stocks. Factors to be considered are:

the event:

probability of occurrence, the likely severity,

costs involved (also of the assessment),

likely duration of the shortage,

medical necessity (cause of the shortage, number and type of products affected by any one cause).

the absence/presence of an acceptable, approved product,

the geographical extent of the shortage.
3. Risk Management Tools & Options. These are used in anticipatory risk management and the management of "at
hand' specific shortages.
Prevention:

international harmonization,

anticipatory hazard evaluation,

acceptable alternate supply plans,

invest sufficient resources to monitor supply levels and detect potential shortages early on.
At Hand Situations:

assist the manufacturer to correct the problem that led to the shortage; replace from another company or import

from another country,

preferential release of lots awaiting approval, expedited (priority) review of a product,

the Special Access Program,

discretionary enforcement of safety requirements,

extension of expiry dates,

special labeling, etc.

Manufacturers should have prior plans for correcting shortage situations.
4. Decision. Who is to review the options, decide on a strategy and make the decision as to what actions to take?
(This should be done in consultation with the stakeholders if time allows). The goal of the strategy is to reduce the
risk to a level as low as reasonably possible. Consider benefits and costs, also ethical, political. legal and cultural
implications. Allocation of resources should be prioritized according to the critical product list. It is better to
emphasize the public health obligations of a company than to try to enforce compliance with regulations. Document
all factors considered in your deliberations and decisions.




5. Implementation. Contingency plans and an action plan with target dates should be developed (who does what)
and responsibility for the implementation of the strategy should be assigned

Performance measurements should assess whether or not information on the level of supplies was readily
available, whether or not shortages actually occurred and if so, whether they were detected in a timely manner. They
should also measure the time taken to respond to them, whether or not the original problem had been corrected.
assessment of the costs incurred, and whether or not the strategy was appropriate, effective and acceptable to the
stakeholders. The public health impact of the shortage and the strategy should be ascertained (# cases of illness
averted, # cases of illness untreated, changes in incidence of a particular disease).
6. Monitoring and Documentation of each step in the process should take place.
7. Consultation & Communication. Decisions must be evidence-based and be acceptable to the stakcholders.
Communication should be a two-way process involving consultation, which leads to greater compliance.

RECOMMENDATIONS FOR IMPLEMENTATION OF THIS PROCESS

1. A communication plan should be developed;

2. A team should be established to review and prioritize products, identify which anticipatory management actions
are needed. Evaluate newly approved products for the list;

3. A Health Hazard Evaluation form should be developed and used;

4. Your Therapeutic Agency should undertake a continuing scan of the product supply;

5. Alternate supply plans should be made and the financial implications sorted out;

6. Countries should plan to become self-sufficient.

CONSEQUENCE MANAGEMENT

The government-led coordination and implementation of measures intended to mitigate the damage. loss. hardship
and suffering caused by acts of terrorism, including measures designed to restore essential government services. 10
protect public health and safety, and to provide emergency relief to affected governments. businesses and
populations.
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FIGURES AND TABLES ,
Table 1. Total # of Cases, Deaths, Hospitalization days and Cost after anthrax or botulinum toxin attack. if 100.000
of the population are exposed - a projection based on a CDC model using Canadian data.

The Threat: ANTHRAX BOTULISM
Total Cases 50000 50000

Total Deaths 32875 30000

Total Days of Hospitalization 332500 4275000

Total Cost $6.5 billion  $8.6 billion

Table 2. Goals of Shortage Management Activity

1. To prevent any therapeutic product shortage from occurring;

2. In the event of a shortage or potential shortage:

determine the actual/potential extent of the shortage,

develop and implement appropriate allocation strategies for remaining supplies,

locate and deliver interim supplies or alternative products and/or a renewed supply,

determine and review the circumstances which led to or could have led to the shortage,

develop a communication plan,

develop and implement new or revised procedures to address or prevent the re-occurrence of those or similar
circumstances.




10. ACTON'S NEW CB MOULDED GLOVE: "GLOVES THAT FIT AND DO NOT TEAR, A
NOVEL IDEA"

Julie Tremblay-Lutter, Defence Research Establishment Suffield, Medicine Hat, Alberta, Canada

Earl Laurie, Acton International Incorporated, Acton Vale Québec, Canada

Sylvia Weihrer, Kinection, Ottawa, Ontario, Canada

John Clark, Defence Research Establishment Suffield, Medicine Hat, Alberta, Canada

ABSTRACT

Acton International and DRES (Defence Research Establishment Suffield) are finalizing the development of a
new Chemical and Biological (CB) Moulded Glove. The majority of CB (NBC) gloves today are made using a dip-
coating process. This process is time and labor intensive and produces gloves with many shortcomings (i.e.. high
cost, poor durability, low dexterity, limited tactility and poor physical properties, especially poor tear strength).
The Dip-coating process also uses large quantities of solvents that pose fire and environmental risks. Acton's new
CB Moulded Glove employs novel moulding processes enabling the use of innovative polymer formulations with
improved physical properties. The glove design is unique in that it was developed as a sizeable computer aided
design (CAD) model that incorporates over 40 hand dimensions from an anthropometric database of over 550
soldiers. This design also addresses critical ease considerations identified in glove fit and dexterity trials carried out
by the Canadian Department of National Defence.

The result is a new glove with far better fit, tear resistance ‘and physical properties than comparable dipped
gloves. The novel moulding technologies enable Acton to mould a glove thin enough to be used as a standard CB
(NBC) Glove. Key design features of the new CB glove include: a design that is based on actual hand dimensions and
proportions; snug fitting fingertips for enhanced tactility and dexterity (e.g., keyboard use, ammunition handling):
corrugations on the main finger joints for better mobility; a textured finish on the fingertips for improved grip: and
optimized polymer formulation for increased durability.

INTRODUCTION

In chemical and biological (CB) threat environment, dipped polymer gloves have been an important part of
individual protective equipment. Depending on the degree of dexterity required to complete a given task, two types of
gloves are available to the Canadian Forces. A 25 mils (0.622 mm) lightweight unsupported glove is used for fine
manipulative tasks requiring good dexterity, while a 65-mils (1.5 mm) supported general purpose glove is used for
all other tasks. Both gloves are made of butyl/chloroprene polymers and are worn without glove liners. A number of
deficiencies which have been identified with dipped polymer gloves are inadequate resistance to petroleum. oils and
lubricants (POL’s), poor physical properties (especially poor tear strength), limited manual dexterity. accumulation
of hand perspiration and high production costs. To address these deficiencies the Defence Research Establishinent
Suffield (DRES) has been conducting research in a number of areas including moulding technologies. new polymer
formulations, super absorbent layers, liner materials, selectively permeable CB gloves, and anthropometric
requirements to optimise manual performance of gloved hands. Under a contractual arrangement with DRES.
Kinection conducted all human factors studies and led the effort on integrating anthropometry into a CAD model to
create an industrial design. '

In a collaborative effort, DRES and Acton Intemnational have combined their expatise to findise the development on
the polymer glove. The new CB glowe is being prodiced using a moulding process instead of the dipcoating process
tradtionally used for CB glove prodiction. DRES has provided Acton, through a Licensing Agreement, an industrial
design fora glove generated on a sizeable computer aided design (CAD) modd, extensive sizing data based on military

population hand anthropometry, polymer and liner expatise. Acton has contributed its moulding and formulation
expatise to this project.

BENEFITS OF MOULDING PROCESS FOR CB GLOVE PRODUCTION

During the mid 1980’s, the glove research program was directed at investigating new technologies for producing
CB gloves. The dip-coated butyl latex glove provides protection against CW agents, but lacks the durability required
for military operations. It has poor resistance to many of the solvents, fuels, lubricants, decontaminants and other

common fluids used by the military. The dipping process is time and labour intensive, can use large quantities of

solvents that present fire and environmental concerns during glove manufacture and it has high production costs.

Dip-coating, using latices or solvent solutions, limits the use of intricate design considerations. Latices cannot be
compounded to give the required properties and solvents.




The new CB glove is produced using a moulding process instead of the dip coating process traditionally used for
CB gloves. Moulding was explored during a feasibility study to investigate alternate methods of producing gloves.
A prototype glove shape was machined and gloves were successfully moulded on a small scale in a research lab. The
compression molding process was chosen over other processes used for glove manufacturing for several reasons.
Gloves fabricated from calendered sheets require sealing of seams and have limited design capabilities. Injection and
transfer moulding require more expensive complex molds and machinery, and have complicated mold flow patterns
which can lead to precuring of the rubber and exacerbate mold core deflection. The selection of a moulding process
offers a greater selection in materials than a dipping process.

Throughout the development phase, a number of new rubber compounds were formulated. The specific
elastomers and compounding ingredients used were selected through an extensive investigation of commercially
available materials. The challenge was to develop a formulation for a polymer material that offers the best
compromises and balance between compatibility of component materials, broad-spectrum chemical resistance. good
physical properties and acceptable processing characteristics. The results for important physical properties of
materials for dipped and moulded gloves for one of the candidate materials were normalized for comparison and
differences are shown in Figure 1. Durability, as represented by tear strength and puncture resistance was
significantly improved. The tear strength of some of the new formulations is twice as strong as the materials from
dipped CB gloves. Tensile strength was also improved even after materials were exposed to various field POLs.
While elongation at break decreased it should be noted that this property influences ease of demolding and flexibility
of the glove and the level achieved in the new materials were still above the minimum desired range of 600% .

GLOVE DESIGN, SPECIAL FEATURES AND SIZING SYSTEM

The unique design for the moulded CB glove was developed by DRES in the form of a sizeable CAD model.
The design was developed through careful consideration of many factors including hand anthropometry. ease
requirements, user fit and comfort. Computer aided design, anthropometric studies, dexterity tests and user-
acceptability surveys were used to develop the shape and sizes of the glove form. The approach adopted was to
develop and optimise the glove design in only one size and then to implement a sizing system to a computer
generated CAD glove model to generate the necessary number of sizes for a user population. The use of a CAD
model enabled the integration of human anthropometry and manufacturing process considerations while maintaining
a practical mould design. It also gave a direct link to computer aided machining for mold fabrication (Figure 2).

The new CB glove design is the end result of a series of dexterity and fit evaluations on successive CB glove
prototypes (1,2,3,4). The glove was designed as a relatively thin (22 mil + 0.3 mil) multipurpose CB protective
glove. It was designed to provide a snug fit for good dexterity in fine manipulative tasks. The CB glove was
designed according to the sizes and shapes of “real” hands; i.e., the CAD glove models incorporate over 40 hand
dimensions from a current, comprehensive hand dimension database comprised of 53 direct measurements on 358
male and 178 female soldiers (5,6) (Figure 3). The design dimensions for the new CB glove were developed with
donning in mind, and clearances for clothing, mobility and dexterity have been addressed. Positive ease allowances
in girth have been incorporated at the cuff, the wrist, the palm, and the area of the thenar prominence (i.e.. the large
muscle at the base of the thumb) (6). A slight negative ease has been incorporated into the finger lengths of the
glove for enhanced manipulative task performance (7). In other words, when compared to anthropometric parameters.
the length in the glove fingers is actually slightly shorter.

Several generations of glove models led to the final glove design. A rapid prototyping method called
stereolithography (SLA) was used throughout the development process to directly fabricate glove forms from the
CAD files. SLA forms were extremely useful to verify modifications made to the glove shape and the forms were
also used to dip gloves for dexterity and fit evaluations (Figure 4). The CB glove design is flat and symmetrical.
While both flat and curved glove shapes were studied, the flat glove configuration was chosen to provide a relatively
uncomplicated mould design and ease in fabrication. Unlike a natural curved hand glove design, the flat glove has no
designated right or left hand glove. This aspect of the design provides obvious donning and replacement benefits. in
addition to reducing the production cost of moulds. To enhance hand mobility, corrugations were placed strategically
at the following critical joint locations: the thumb crotch, the palm at the metacarpal heads, and the proximal
interphalangeal joints of the index and middle fingers. The corrugations in the glove facilitate flexion of the hand at
these joints and provide a degree of adjustability in the length fit of the index finger, middle finger and palm (4).
Further glove features include surface texturing on the fingers for improved-grip.

The new CB glove design uses an integrated (i.e., combined male and female) seven size system. The seven-size
system was developed by DRES using established anthropometric sizing techniques in combination with in-service
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CB glove and prototype CB glove fit assessment data (4,6). The sizing system is designed to accommodate hand
sizes ranging from 155 mm in hand length and 168 mm in palm girth to 211 mm in hand length and 239 mm in
palm girth (6). For all but the smallest size, this sizing system provides two palm girth size options for each hand
length size interval. Two of the seven sizes are predominantly for females, two of the sizes are mixed gender. and
the three remaining sizes are predominantly for males.

The design dimensions for the new CB glove were developed such that the glove could accommodate a thin
glove liner. While the use of a glove liner increases the overall thickness of a glove and therefore has dexterity and
tactility implications, it can improve the “feel” of the glove. Liners provide a natural fibre layer between the skin and
the polymer and can absorb some of the sweat/moisture that accumulates with the use of an impermeable glove.
During the prototype development stage, more than 10 material combinations were knit into gloves using both 2
plating technique and a speckled technique (8). Plating technique knits two different yarns simultaneously while
controlling the position of yarns on the inner and outer most surfaces. Speckled technique knits the two yarns
simultaneously and allows the yams to twist throughout the glove. For CB moulded glove liners. the
recommendation for the best combination of yarns are Coolmax™/Lycra and viscose, knit in a plated structure. By
adding Lycra, the liner provides a snug fit and reduces excess bulk inside the polymer glove. When the plating
technique is used to knit the yarns, the gloves acquire a slightly better wicking ability. The glove liner was assessed
during dexterity trials and demonstrated excellent fit and user acceptability with minimum decrement to hand
manipulation (4,7).

ACTON’S NEW CB MOULDED GLOVE: THE FINISHED PRODUCT

The result of the partnership between Acton and DRES is a new CB glove with far better fit, tear resistance and
physical properties than comparable dipped CB gloves. The novel moulding technologies employed by Acton enable
a glove to be moulded that is thin enough to be used as a standard CB (NBC) glove. The moulded CB glove features
snug fitting fingertips for enhanced dexterity (e.g., keyboard use, ammunition handling), a textured finish on the
fingers for improved grip, corrugations on the palm and main finger joints for enhanced mobility, a design that is
based on actual hand dimensions and proportions, a sizing system based on analysis of current anthropometric data.
and an optimised polymer formulation.
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Figure 1. Comparison of normalised data for physical properties of dipped and moulded glove materials.

Figure 2. Mould for new CB moulded glove machined from computer generated CAD glove files.
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Figure 3. Hand dimensions from anthropometric database used to develop the industrial glove design generated on a
sizeable CAD model.

Figure 4. Rapid prototyping form of an early glove design used to dip prototype gloves for design verification.
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11. AN ASSESSMENT OF TOXINS
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INTRODUCTION

Toxin weaponry is a new category of the chemical-biological agents spectrum and is especially a challenge to future
chemical-biological medical treatment. Obviously, there is a need for assessing the future threat from toxin weapons
and determining its development in the future. But many questions often arise regarding the assessment of toxins.
Therefore, an overlook discussion will be made in the present paper.

DIVERSITY IN TOXINS

In scientific terms, toxins are biogenic nonreplicating toxic natural substances, which cover an immense range of
compounds found in plant, animal and microbial organisms. It is increasingly realized that toxins are not needless
natural products of organisms. On the contrary, they are primary products or secondary metabolites with specific
functions in biology. Toxins have been shown to play a critical role in the behavior and ecological interaction of
different kinds of organisms; the toxins have often likely evolved for specific biological functions, such as defense.
offense, digestion etc. On the other hand, the isolation of natural toxins and the study of both the chemical
knowledge and the biological information about their functions and specificities have provided a foundation for new
drug and agrochemical research.

Diversity is an essential character of nature and a colorful display of life; it seems that toxins also display a
distinguishing feature of diversity in many aspects as biogenic sources, chemical structure, functions. and
mechanisms of action.

Biogenic diversity

It is the fundamental feature of diversity in toxins; thousands of poisonous substances are produced by a variety
of living organisms from various phyla. These include a great quantity of species of living organisms, such as
bacteria, fungi, plants, insect, reptile, amphibious animals, and numerous genera of marine organisms. All of these
can produce a huge variety of compounds with very different toxic actions.

Chemical diversity

Toxins are a distinct class of active biomolecules in the nature, which span a wide variety of chemical structure
types from extremely complex biomacromolecules to very simple organic and inorganic compounds (See Table 1).
Furthermore, a number of noticeable structure types in natural toxins do not appear in synthetic molecules. It is
obvious that the chemical diversity of natural toxins provide a rich source of lead structure for drug design or
biotechnological application.

Diversity of action

Natural toxins act in many different ways on many different life systems and processes in the body. They
usually specifically target important enzymes, cell membrane structures, ion-channels, receptors, ribosomal proteins.
etc., to induce a vast array of lethal and non-lethal toxic effects. This characteristic diversity is also valuable because
it provides new opportunities and selectivities for new drugs and bioactive substance development.

The diversity of natural toxins is very attractive to scientists of biology, chemistry, medicine, drug research and
many approaches in life science; research in natural toxins became a new interesting inter-discipline subject -
toxinology - in recent decades. In the meanwhile, it implies a risk threat that rapid development in natural toxins
open up new opportunities for military purposes.

TOXIN AGENT IN/OUT TOXINS
When we talk about toxins in the chemical biological defense (CBD) arena, the word “toxin" is applied as an
abbreviated form of the military term "toxin warfare agents" or "toxin weapon.” But, the same word "toxin" in the
scientific and CBD fields may have quite different messages. It is true some natural toxins should be listed in the
spectrum of toxin warfare agents; however, toxin warfare agents may consist of other meaningful military toxic
substances derived from natural toxins indirectly as well. In short, we can say toxin agents are in natural toxins and
out of them.

Based on potent toxicity of natural toxins, there are great possibilities and promotive forces to select some of
the most poisonous toxins as toxin weapons. Several hundreds of known toxins exhibit toxicity higher than classic
nerve agents. It is well known that some toxins from bacteria or marine organisms, botulinum toxin. palytoxin.




maitotoxin are even 1,000,000 times more toxic than nerve agents. From one Data Bank of Poisons and Toxins. the
data show that in the collection of more than 8000 toxic substances, including synthetic poisons and natural toxins
with toxicity up to 10 mg/kg, all known most potent toxic substances, whose toxicity is higher than 0.1 pg/ke. can
be classified as natural toxins (As shown in Table 2.) But it is also true that a series of factors other than toxicity
may play a major role in developing natural toxins as toxin weapons. Not unexpectedly, up to now, only a very few
natural toxins have been reported to be weaponized, stockpiled or used.

On the other hand, especially if one could look into the future, more and more opportunities for toxin weapons
may result from indirect approaches to find new toxin agents by making use of the achievements in natural toxin
researches. At the present time, it is an easy way to create valuable derivatives or modifiers of known toxins through
chemical and biotechnological approaches to overcome their critical shortcoming. The derivative structures may bhe
related to but different from original natural toxins. Furthermore, rapid advances in chemistry, molecular biology.
biotechnology and drug design technology greatly facilitate the search for new drugs and other active substances
with novel structure or scaffold. Based on the information of mechanism of action and target receptor structure of
known natural toxins, it is possible to elaborate hitherto unknown types of toxic compounds by means of de novo
design approach. These toxin-mimics and artificial toxins (a novel class of toxins). may have similar specific and
potent actions to natural toxins, although their structural appearance may be different from the original toxins.
Therefore when assessing the toxin threat, these new derivatives, modifiers, mimics and artificial toxins must be
considered in addition to natural toxins.

Hence, the toxin warfare agents arise from natural toxins and toxiconological researches have inherent

relationships with natural toxins, but the scope and construction will differ greatly from each other (As illustrated in
Fig. 1).

ASSESSMENT FACTOR
Many assessments of toxins have discussed and organized toxins mainly on their toxicity basis. Some authors have
pointed that a set of critical factors must be considered in assessment of toxins other than toxicity. And many
primary factors may be contributed from chemical essence of toxins, so it is important to assess toxins from a
chemical viewpoint.
In general, the primary assessment factors of toxins should consist of following set:

Toxicology Factors

This set of factors should include toxicity potency, intoxication route as inhalation, percutaneous etc.. onset
time and other related factors. Undoubtedly the principal route of intoxication of toxins in the case of military use is
inhalation. It is important to note that although it seems unreasonable, and the mechanism is not clear. the
experiment results show some toxins have higher potency by the inhalation route even than by injection. This is in

large contrast with the toxicological property of known chemical warfare agents such as nerve agents (As shown in
Table 3).

Application Factors

These are closely related to weaponizaton of toxins. Among the essential factors of this set are dissemination
property and stability in different environmental conditions. The package technology may have an important effect
on stability property.

Production Factors :

Toxins can be obtained by biochemical processes, synthetic routes and biotechnological methods (i.c..
fermentation, gene manipulation, etc.), but often in relatively small quantities. The key issues are degree of difficulty
in technological requirements, cost and material availability of applicable methods. Meanwhile, it is noteworthy 1o
note the dual-use property of manufacture process. In this case, it could facilitate to the last degree for production.
R&D Factors

At present, it seems no one toxin can be chosen as a “good" toxin agent. Each of the known toxins reveals some
remarkable inadequacy in one or more aspects of the assessment factors mentioned above. However. our concern is
not only for the present time, but also to have tools to evaluate toxins in the future. So when we consider the
assessment issue of toxins as a dynamic task, then R&D factors become key in toxin assessment. In this group. we
should pay more attention to the following factors:

1) Discoveries in novel structure types of toxins and related approaches in structure reconstruction.
2) Advances in new production technology as applicable technology in stereo-synthetic chemistry, new methods
from biosynthesis pathway and new achievements in biotechnology.

3) Discovery of new target receptor systems of toxin, which could be used as template for novel series of chemical
structures with high specificity.
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ASSESSMENT OF TOXINS AT DIFFERENT LEVELS
In fact, when we talk about assessment of toxins, the question may involve some issues at different levels. and may
be to get at divergent opinions or conclusions.

Firstly, at the category level, that means regarding toxin agents as a new field in chemical and biological agent
spectrum. In this case, much of the information indicates an affirmative deduction, which classifies toxins as a recal
threat in addition to classic chemical and biological agents.

Secondly, there is a need to assess toxins according to their different types at class level. Several ways of
classification can be applied to toxins. Because a series of primary assessment factors may be contributed from
chemical essence of toxins, it is important to assess the toxins on chemical classification first, rather than on other
basis.

According to chemical structure type, toxins could briefly be classified into the following classes:

1) Proteins: enzymes, bacterial toxins

2) Peptides: a variety of venoms from animals

3) High-stereo organic compounds such as palytoxin, maitotoxin etc. polyether toxins from marine organisms:
4) Organic compounds: numerous toxic substances from plants, fungi, and marine life.

To assess toxins at the class level, scientific discussion and information shows that the peptides and high-sterco
organic compounds receive heavy attention for their high toxicity, have acceptable characteristic in application. and
are potentially availability through chemical synthesis and genetic engineering in advance. More favorable feature
may be derived from assessment of toxins on a gradual subclass basis.

Finally, to assess toxins at the individual level is helpful to chemical and biological defense work, but also it is a
very complicated, even impossible task at the present time. No one toxin fits all the necessary requirements of a
toxin agent; all have too many characteristics of uncertainness and immaturity relative to individual toxins: hence.
even at the individual level, assessment of toxins is probably senseless or impossible. On the contrary. selecting an
individual toxin as a protoype or representative substance of various toxin classes is a necessary step to make
assessment of any case. Then, the discussion may lead to real conclusions and future prospective figures. which is a
great necessity for chemical and biological defense work.

FUTURE TOXIN AGENT SPECTRUM
Of toxins that have been stockpiled or used, there is a small group consisting of botulinum toxin, diphtherin toxin.
staphylococcal enterotoxin, ricin, saxitoxin and T-2 toxin. At most, we could also include dart poisons in this
history. Their military significance and the intelligence of the information of their use can still be debated.
Nevertheless, in the CBD and chemical and biological disarmament field, the scope is widened far beyond the list
mentioned above. At least 400 toxins have been discussed in CWC or BWC related activities. The whole range of
toxins from different sources such as bacteria, animals, fungi, plants and marine life organisms were investigated
from the view of military risk assessment. Why? It is really these things that bring the attention to the future toxins
spectrum. From our discussion on the assessment of toxins, there is yet no possibility to construct a clear future
toxins spectrum today. Certainly, the future toxin spectrum is more complex, more variable and more unpredictable
than known chemical or biological agents spectrum.

In summary, the goal of assessing toxins for chemical and biological defense requires the construction of a
future toxin agent spectrum, but this is a dynamic and complex task.
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Toxin, toxin agent, toxin spectrum
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Figure 1. Toxin agents in and out toxins

Derivatives, Modifiers, Mimics,
Artificial Toxins, etc.

Toxin Agents

Figure 2A Maitotoxin

MAITOTOXIN




Figure 2B. Palytoxin

PALYTOXIN .




Table 1. Chemical Diversity in Toxins

| Plants Target Toxin

; proteins : 40 Seeds Ricin,abrin

} cyano-glycosides 30 Fruit kernel Amygdalin

| saponin 100  Widespread Phytolacecatoxin
sesquiterpene 200  Compositae Picrotoxin
diterpenoids 200  Resins Grayanotoxins
alkaloids 2000 Angiosperms  Tubocurarine, aconitine

Table 2. Ratio of Toxin Toxicity to Poison

Toxicity Number of Number of Ratio
Toxins Poisons Toxins/Poisons

ug/kg A B A/B %
< 10,000 1589 7295 21.6
<5000 1371 5149 26.6
<1000 889 2640 337
<500 677 1948 34.7
<100 310 910 34.1
<50 192 610 31.5
<10 96 196 49
<1 43 52 82
<0.5 34 39 87
<0.1 20 22 90.9
<0.01 13 13 100

Table 3. Inhalation Toxicity of STX and Sarin

Agent LDs, pg/kg LD, pg/kg - LCs, pg.min/L LCsug.min/L
mouse i.v mouse i.h mouse i.h human (calc.)

STX 8 0 3 2

Sarin 42 100 200 70-100




12. THE EFFECT OF SOME REVERSIBLE CHOLINESTERASE INHIBITORS ON
THE REACTIVATABILITY OF SOMAN-INHIBITED HUMAN ERYTHROCYTE
ACETYLCHOLINESTERASE IN VITRO

Wenxia Zhou, Jinxiu Ruan, Delu Zhao, Yuxu Zhong and Yongxiang Zhang

Institute of Pharmacology and Toxicology

Beijing, China

INTRODUCTION

Organophosphorus (OP) agents can cause an irreversible inhibition of Acetylcholinesterase
(AChE, EC 3.1.1.7) by phosphorylating or phosphonylating a serine hydroxyl at the active site of
ACHhE, resulting an accumulation of acetylcholine in the effector organs. The causal antidotal
therapy for this intoxication consists of anticholinergic drugs to counteract the accumulation of
the AChE reactivators, which can restore the enzyme activity by removing the phosphonyl
moiety. But due to the rapid dealkylation (“aging”) of soman (1,2.2-
trimethylpropylmethylphosphonofluoridate) inhibited AChE, soman phosphonylated AChE is
resistant to most of the pyridinium oximes, such as 2-PAM.CI, Toxogonin, TMB,, which causes
that the therapy of soman poisoning is notoriously difficult. The search for drugs that can
effectively reactivate the soman-inhibited AChE remains an urgent task.

In the late 1970’s, Harris et al. had reported that SAD-128 could obviously increase the
reactivating ability of soman-inhibited AChE (1). From then on, other investigators also found
that some other compounds, such as atropine, methantheline and several ammonium halides
(tetramethylammonium, hexamethonium, decaethonium, and susamethonium) have the same
effects as SAD-128 (2-4). All of the studies indicated that some compounds, which have no
oxime moiety and therefore have no reactivating potential, might bring beneficial effects on the
reactivation of OP-inhibited AChE by oximes. According to these findings, perhaps we can find
a new clue to the reactivation of soman-inhibited AChE through further study of enhancing the
oxime-induced reactivation. .

Up to now, we have noticed that nearly all effective compounds studied are inhibitors of the
ACHE, and there exist close relation between inhibitory potency and augmentative effect of those
compounds. In the mean time, nearly all of the effective compounds studied are quaternary
compounds with high toxicity, while the effects of tertiary compounds with relatively lower
toxicity are seldom involved.

The purpose of this study is to study the effects of some tertiary compounds on the

. reactivatability of soman-inhibited human erythrocyte AChE, and compares them with a

quaternary compound. The relationship between the anti-AChE properties of these compounds
and their beneficial effects on the reactivation of the soman-inhibited AChE are discussed.

MATERIALS AND METHODS
Chemicals: Acetylthiocholine (ATCh) iodide, 5,5’-dithio-bis(2-nitrobenzoic acid) (DTNB).




physostigmine salicylate (Phy), tetrahydroaminoacridine (THA, tacrine), decamethonium
bromide (Deca) were purchased from Sigma. Huperzine A (Hup A), Carbaindoline (Carb).
Toxogonin, and HI-6 (1-(4-carbamoylpyridinio)methoxymethyl-2-(hydroxyiminomethyl)
pyridinium dicholoride monohydrate) were synthesized and provided by the Institute of
Pharmacology and Toxicology (IPT, Beijing, China), and recrystallized before use. Soman was
also obtained from our institute, and its purity was >98%. The other chemicals used were of
analytical reagent grade.

Preparation of human erythrocytes: Suspensions of washed erythrocytes were prepared from
blood units not older than 1 weeks obtained from a local blood bank. Blood samples of 1.0 mi
were centrifuged for 5 min at 3500 rpm at 4_ and the supernatant was removed. The remaining
erythrocytes were washed three times for 5 min at 3500 rpm in 1 ml 0.1 M phosphate buffer pH
7.4. After the last washing step, the cell were diluted to 1:3 suspension and stored at 4_.
Inhibition of AChE by four tertiary compounds and one quaternary compound: The
concentration of the tested compounds giving 50% enzyme inhibition (IC,,) was determined by
incubating with five or more different concentrations of each compounds (The final
concentration of compounds ranged from 1_10® to 1_107 M) at 37_ and assaying for AChE
activity according to Ellman et al(5) after 30 min. The enzyme activity was expressed as % of the
activity observed in the absence of the tested compounds. The ICs, values were calculated by
liner least-square regression of log enzyme activity vs concentration of the tested compound.
Effect of the five compounds on reactivation of soman-inhibited AChE by oximes: The
experiments were performed in four steps (inhibition — aging — reactivation — assay) as Hallek
and Szinicz reported in 1988 (4). For inhibition, 10 _1 of 1:30 (v/v) human erythrocytes
suspension were incubated with 10 _1 of 2_107° M soman in 0.1 M phosphate buffer pH 10 at 0_
for 30min, where aging is prevented, but not the phosphonylation of the enzyme (6). Then the
samples were added to 10 _] of 0.1 M phosphate buffer pH 6.3 (final pH7.4) and were placed in a
water bath at 37_ starting aging. At the same time, the respective compounds (effectors) were
added (final concentration was 1 _10™***M). After 0, 1, 3, 5, or 10min respectively,
reactivation was started by adding HI-6 or toxogonin (final concentration was 1_10"* M for HI-6
or 1_107 M for toxogonin). 20 min later, AChE activity was assayed. Before the assay.
erythrocytes were washed three times with 0.1M pH 7.4 phosphate buffer to remove the excess
oxime and the effector. Control runs were performed by replacing the effector (soman+oxime) or

both the effector and oxime (soman) by 0.1 M phosphate buffer pH 7.4. All results are expressed
as mean values + SD at least four experiments.

Statistics: Statistical significance was determined by the use of one-way anova and differences
were considered significant when P<0.05. Statistical evaluation was performed with SAS
(release 6.03, SAS Institute).

RESULTS
Inhibition of human erythrocyte AChE by the five compounds

All five compounds caused an inhibition of human erythrocyte AChE with different
inhibition potencies as judged by their IC, values (Table 1). Among them, Phy, Carb and Hup A




showed much higher inhibiting effects on AChE, their IC, values were two orders of magnitude
higher than that of Deca. The results indicate a higher affinity of these tertiary compounds for
ACHE than the quaternary one studied. After washing the used compounds out of the reaction
mixture, almost all AChE activity could recovery to more than 90% of normal values (data not
shown).
Reactivation of soman-inhibited human erythrocyte AChE by the five compounds alone

After soman inhibited AChE without addition of any one of the five compounds. the
enzyme activity were 8.5+3.1% of the normal value(mean+SD, n=4). The addition of some of
the compounds at final concentrations from 1_10°M to 1_10 M caused slightly increases in
AChE activity, but none of them were statistically significant of the reactivation of soman-
inhibited enzyme (Table 2). The result indicated that the four tertiary reversible ChE inhibitors as
well as the quaternary one alone did not have the ability to reactive the soman-inhibited AChE in
vitro.
Effect of the effectors on the reactivation of soman-inhibited AChE by oximes at the start of
aging :
Table 3 shows the effects of the five effectors on the reactivatability by toxogonin of soman-
inhibited AChE at the start of aging. When toxogonin was added alone at the start of aging, it
caused little increase in AChE activity. But addition of each of the five compounds at the start of
aging caused a marked increase in reactivation by toxogonin of soman-inhibited AChE. The five
compounds were effective at different concentrations from 1_107 to 1_10°M, they exhibited
statistically significant beneficial effects at 1_10 to 1_10°M. Decamethonium exhibited a
statistically significant (P<0.01) beneficial effect only at a high concentration (1_10" M), and the
maximum activity of reactivated enzyme was increase to 35.8+4.1% of the original AChE
activity. The four tertiary compounds increased the AChE reactivating ability by toxogonin at
lower concentrations than Deca does, among them Huperzine A was the most effective one.
When addition of Hup A at a concentration of 1_10" M, the reactivation of soman-inhibited
AChE by toxogonin could reached maximal level of 45.6+8.6% of the original AChE activity.
Similar results were obtained when using HI-6 as reactivator (data not shown).
Effect of the effectors on the reactivation of soman-inhibited AChE by oximes after 1-10 min of
aging '

Figures 1 (a-b) show the effects of the effectors at concentrations that can bring the maximum
effectiveness effect on the reactivation of soman-inhibited AChE by toxogonin or HI-6 with
respect to the delay of oximes addition. When the four compounds (no Carbaindoline) were still
added at the start of aging, but the addition of toxogonin or HI-6 delayed, the increases in the
reactivatability of soman inhibited AChE obviously lowered. In the case of Hup A, when the
addition of toxogonin or HI-6 delayed from the start of aging to after 3 min of aging, AChE
activity rate decreased from 45.6+8.6% (by toxogonin) or 29.0+4.3% (by HI-6) to 19.7+£2.6% or
18.2+4.2%, respectively. When toxogonin or HI-6 were added after 5 min to 10 min of aging. all
of the compounds studied lost their beneficial effects on the reactivatability of the inhibited
AChE.




DISCUSSION

The presented results demonstrate that the four tertiary compounds as well as a quaternary one
are reversible AChE inhibitors of AChE, and all of them can enhance the reactivatability by
toxogonin or HI-6 of soman-inhibited human erythrocyte AChE in vitro.

The comparison of the ability of such five compounds to improve the reactivatability of
soman-inhibited AChE indicated that their inhibitory potency (IC,,) on AChE appeared to be a
reliable indicator of the effective concentration. The four tertiary compounds with low IC,, value
exhibited their beneficial effects at much lower concentrations than the quaternary one with
relatively high IC,, values. Most of the effective compounds had clear maximum of effectiveness
at the concentrations that were about 100 times higher than their respective 1C,, value.

The majority of literature dealing with improving of reactivation by oximes of soman-
inhibited AChE involves in studying the effects of numbers of quaternary compounds, such as
decamethonium. Our work do confirms the effectiveness of decamethonium in increasing the
reactivating ability by oximes of soman-inhibited AChE, in agreement with the results of
previous investigations (1,3,4,7). However, like many other quaternary compounds.
decamethonium has too high toxicity to be used in routine antidotal administration. On the other
hand, as we know, quaternary compounds can not readily penetrate through blood-brain barrier
(BBB) and get to the target part of brain to exert their effects. In contrast, tertiary compounds can
easily penetrate BBB and reach the CNS to exert their antidotal effects in vivo, so the study of
tertiary compounds effecting the reactivation of inhibited AChE might have much more practical
significance.

In this study we have found that several tertiary compounds, such as Phy, Carb, THA and
Hup A, all of them are reversible inhibitors of AChE, are even more effective in increasing the
reactivatability than decamethonium. As reported by the publications, all four tertiary
compounds we investigated have relatively low toxicity and have already been applied in clinical
administration (8-9). So it is reasonable to assume that the tertiary compounds with relatively
low toxicity might provide practical use by combination with quaternary oxime for improving
the treatment of soman poisoning. In fact, in our further studies, we have noticed in soman-
intoxicated mice that some of the tertiary AChE inhibitors do improve the therapeutic effect of
toxogonin. This preliminary result is in agreement with our assumption.

Concerning the mechanism of action for the effectors, there are mainly two explanations in
the literature(1-4): one is that the effectors might prevent the enzyme from phosphonylation.
another one is that the effector might retard the dealkylation rate of the phosphonylation enzyme.
From our results presented, we cannot obtain a certain explanation yet, but according to
relationship between the anti-AChE properties of these compounds and their beneficial effects on
the reactivation of the soman-inhibited AChE; we favor the first proposal. However, in our series
similar experiments, we have found that all the compounds which can bring beneficial effects on
the reactivatability of soman-inhibited AChE are reversible inhibitors of AChE, but not all the
compounds which are reversible inhibitors of AChE can bring beneficial effects on the
reactivatability of AChE and not all the compounds with same inhibition potencies have the
same ability to improve the reactivation of enzyme. So the mechanism of the effects of all




compounds investigated may be not only explained as the reduction of the enzyme
phosphonylation, and therefore we should consider for further studies about this.
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(Figure head) v

Figure 1(a-b). Effects of four reversible ChE inhibitors ( Deca, Phy, Tacrine and Hup A) on the
reactivation of soman-inhibited AChE by Toxogonin (a) or HI-6(b). AChE was incubated for 30
min in a solution containing soman at conditions preventing aging (0_, pH10). Before starting
aging by changing the temperate (37_) and pH(7.4), the respective inhibitors were added. After
0, 1, 3, 5,10 min respectively, AChE was reactivated by toxogonin for 20 min. Control runs were
performed by replacing the effector (soman + oxime) or both the effector and HI-6 (soman) by
phosphate buffer (0.1 M, pH 7.4). All results are expressed as mean values + SD of at least four
experiments. Difference from control experiments (soman + oxime) was analysed by one-way
anova (* P<0.05, ** P<0.01).
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13. CRITERIA FOR SELECTION OF HUMAN, ANIMAL AND PLANT PATHOGENS
AND TOXINS TO BE INCLUDED IN A LIST OF THE BIOLOGICAL AGENTS AND
TOXINS IN RELATION TO THE BTWC

Slavko Bokan, M.D.

Croatian Military Academy

HR-10000 Zagreb, Ilica 256 b, Croatia

INTRODUCTION

During the sessions of the Ad-Hoc Group (AHG) of the States Parties to the Convention on the
prohibition of the development, production and stockpiling of bacteriological (biological) and toxin
weapons and on their destruction (BTWC), criteria and lists of human, animal and plant pathogens
and toxins were discussed. The lists of agents and toxins in the Rolling text of the Protocol of the
BTWC that were discussed in the section Definitions of Terms and Objective Criteria are for the
use with specific measures, particularly for Article III, Compliance Measures, section A. Lists and
Criteria (Agents and Toxins), section D. Declaration, paragraph 15 (Work with listed agents and
toxins), section F, subsection I (Initial declaration and annual declarations).

This paper presents the results of five years of negotiations about one of the most important
parts, on which all future work of the investigation of biological activities and all provisions of
future Protocol of the BTWC will be based. These are the lists of biological agents and toxins that
are selected according to current criteria for their inclusion in the lists. At the beginning of the
negotiations, there were only 83 biological agents and toxins in the lists. There were 20 viruses. 9
bacteria, 3 rickettsia, two protozoa and one fungus in the list of human and zoonotic pathogens, 21
toxins, 19 animal and 18 plant pathogens. Many delegations submitted their Working papers during
previous sessions for the evaluation and selection of some agents and toxins according to current
criteria. The results of negotiations were very poor because that the bulk of pathogens and toxins
were in square brackets, indicating that they needed further negotiations and considerations.

MATERIALS AND METHODS

The delegation of the Republic of Croatia submitted WP No. 356/Rev.1 at the fifteenth session
of the AHG, which took place from 28 June to 23 July 1999. The intention was to show that all
three current lists (human pathogens, toxins, and animal and plant pathogens) were valid at the
moment by the existing criteria.. This proposal for the evaluation of pathogens and toxins induced
and accelerated the negotiations in the section Definitions of Terms and Objective Criteria. Once
we were able to show how the criteria applied to the existing lists, we suggested additional criteria.
which could be used to add pathogens and toxins and further discriminate between them.

Since the human, animal and plant pathogens and toxin lists will be hard to define, we proposed
several tables of pathogens and toxins along with important criteria for inclusion or exclusion. (See
Tables 1-5.) These tables can serve as the basis for discussion and as help in defining the final list
of bacteriological (biological) agents and toxins.

We used eleven criteria for the evaluation of human and zoonotic pathogens. We would like to
point out that it is very hard to find in available literature all the data for the most important
criterion, criterion number 1 (agents or toxins known to have been developed, produced, stockpiled
or used as weapons). Therefore, we cannot be 100% sure that data for this criterion are correct.
These lists can be of a great help in comparing pathogens and toxins and in making easier decision
on including or excluding some particular pathogen and toxin in the lists. In the tables, the plus sign
(+) signifies that pathogen or toxin satisfies the particular criterion for inclusion in the list. At the




same time the minus sign (-) signifies that pathogen or toxin does not satisfy criterion for inclusion
in the list. The final column is the total of positive and negative answers.

The criteria are shown in Tables A through D, below. A high level of dissemination is a
criterion we used in the evaluation of human pathogens and toxins. The key for producing large-
scale respiratory infections is to generate an aerosol of suspended microscopic droplets, each
containing one to thousands of bacterial or virus particles. A high level of dissemination or large-
scale contamination or coverage of a large area with aerosol for respiratory exposure plays the main
role in evaluation of particular agent or toxin.

The absence of effective prophylaxis or therapy, is an interesting criterion.. The existence of
immunization and appropriate treatment against a particular agent is inversely proportional to the
likelihood that the agent will be used. There are no effective prophylaxes or therapies for the
majority of listed agents and toxins, if they are used as biological and toxin warfare agents. A full
vaccination series for most diseases takes at least three months and in same cases up to one year.
Hence it is difficult to imagine how a mass-vaccination would be effective against more than one
disease.

Our opinion is that if some pathogen or toxin satisfies the greater part of the criteria, it should
be recommended for inclusion in the list.. On the tables of human pathogens and toxins, you can
see some biological agents and toxins, which are not in the current BTWOC list. These additional
agents and toxins are not recommended as new agents for including in the list. However, more
detailed risk assessments and comparisons with pathogens and toxins on the existing list may give
us more information so these agents can either be added or dropped from consideration.

The evaluation of agents and toxins according to existing criteria is valid only under assumption
that all criteria have equal status. We have to agree and make the final decisions as to whether all
the criteria are valid and have the same value in evaluating particular pathogen or toxin. We are not
sure that all criteria are equal for the final evaluation. Perhaps we should consider it and request an
opinion from the scientists and experts who will give the best opinion on validity of certain criteria
and maybe even sort them by value or points. The criteria we use for evaluating the biological
agents and toxins are based on the characteristics outbreaks of infectious diseases in "natural”
forms. Genetically engineered and modified bacteria and viruses present a difficult problem. New
criteria reflecting new characteristics of bacterial and viral strains enhanced for infectivity,
transmissibility, virulence and antibiotic resistance should be inserted.

The additional list of criteria for toxins and a list of toxins were prepared to help in final
discussions. These additional criteria for toxins are actually a combination of existing and
additional criteria and are not recommended as new criteria. It can be used for more detailed risk
assessments and for comparisons of the toxins on the list. In this case, the lower the total number,
the more dangerous is the toxin as a toxin warfare agent. In the additional list of criteria for toxins,
we can see at a glance which criterion is unimportant: Ease of decontamination. For toxins,
decontamination would be relatively unimportant, but fungal toxins are extremely difficult to
decontaminate and once an area is contaminated (infected), it can take years of hard cleaning to
eliminate the toxins, especially if delivered with fungal spores. '

Thetoxicity of toxins should be evaluated with caution; agents that are nonlethal but militarily
incapacitating should be included. Lethality alone is not an appropriate criterion on which to base a
toxin's potential as an agent. For evaluation of toxins, we prefer to include those toxins that act
primarily as incapacitating agents, because these toxins have high potencies and they represent a
significant trend for the future. For example, Staphylococcal entertoxin B (SEB), a so-called super-
antigen, is one of the most potent agents for incapacitating because it can cause illness at extremely

o




low doses,but relatively high doses are required to kill. Trichothecene-Mycotoxins, Batrachotoxins
and Brevetoxins can be included in this list. If on the other hand we included only those lethal
toxins, we would be underestimating the number and potential of toxins as agents.

Table A. CRITERIA FOR SELECTION OF HUMAN AND ZOONOTIC PATHOGENS AND
TOXINS

1. Agents or toxins known to have been developed, produced, stockpiled or used as weapons
2. Likely methods and high level of dissemination or cover a large area as aerosol, spores in
aerosol, sabotage (food and water supply) and infected vector

3. Low infective/toxic dose

4. High level of morbidity and short incubation or latent period

5. High level of transmissibility and/or contagiousness

6. Infection or intoxication by variety of route, especially by respiratory route

7. High morbidity, incapacity or mortality rates

8. Stability in the environment

9. No effective or cost-effective prophylactics, protection or treatment available

10. Short incubation period and/or difficult to diagnose/identify at an early stage

11. Ease of production and dissemination

Table B. ADDITIONAL CRITERIA FOR TOXINS
Toxicity
1= Lethal dose (LDy,) in the 10" g/kg range
10= Lethal dose (LDs,) in the 10” g/kg range
Onset
1= Minutes to hours onset
10 = Hours or days to onset
Level of incapacity or mortality
1= Predominately incapacitating
10= Predominately lethal
Likely methods of dissemination
1= Toxin could be aerosolised and delivered to cover large areas (large-scale
dissemination). Toxin could be used in sabotage for contamination food and water.
10= Toxin could not be aerosolised and delivered to cover large areas. Toxin could be difficult to
use in sabotage.
Stability in environment/storage
1= Extremely stable in storage and environment
10= Unstable in environment or requires special storage conditions
Ease of decontamination '
1= Extremely difficult to decontaminate after a toxin aerosol attack
10= Decontamination would be relatively unimportant and general decontamination procedures
effectively destroy toxin
Ease of production and transportation
1= Toxin can be easily produced in large quantities - low technology, low cost, widely
available (fermentation)




10= Toxin that is very difficult to produce in weaponizable quantities - high cost, only available to
specialised teams (solid phase synthesis of >100 amino acid polypeptides, advanced genetic
manipulation).

Table C. CRITERIA FOR ANIMAL PATHOGENS

1. Agents known to have been developed, produced or used as weapons.

2. Agents which have severe socio-economic and/or significant adverse human health impacts to be
evaluated against a combination of the following criteria:

a. High morbidity and/or mortality rate

b. Short incubation period and/or difficult to diagnose/identify at an early stage
c. High transmissibility and/or contagiousness '

d. Lack of availability of cost effective protection/treatment

e. Low infective/toxic dose

f. Stability in the environment

g. Ease of production

Table D. CRITERIA FOR PLANT PATHOGENS

1. Agents known to have been developed, produced or used as weapons.

2. Agents which have severe socio-economic and/or significant adverse human health impacts, due
to their effect on staple crops, to be evaluated against a combination of the following criteria:
a. Ease of dissemination (wind, insects, water, etc.)

b. Short incubation period and/or difficult to diagnose/identify at an early stage

c. Ease of production

d. Stability in the environment

e. Lack of availability of cost effective protection/treatment

f. Low infective dose

g. High infectivity

h. Short life cycle.

RESULTS AND DISCUSSIONS
The results of negotiations on the twentieth session of AD-Hoc Group are presented in the tables

that follow.

Table E. Human and Zoonotic Pathogens

Viruses Bacteria

1. Crimean-Congo haemorrhagic fever virus 1. Bacillus anthracis

2. Eastern equine encephalitis virus 2. (Brucella abortus(

3. Ebola virus 3. Brucella melitensis

4. Sin Nombre virus 4. (Brucella suis(

5. Junin virus 5. Burkholderia mallei

6. Lassa fever virus 6. Burkholderia pseudomallei
7. Machupo virus 7. Francisella tularensis
8. Marburg virus 8. Yersinia pestis

9. Rift Valley fever virus 9. Coxiella burnetii

10. Tick-borne encephalitis virus 10. Rickettsia prowazekii




11. Variola major virus (Smallpox virus)
12. Venezuelan equine encephalitis virus
13. Western equine encephalitis virus
14. Yellow fever virus

15. Monkeypox virus

(Protozoa

1. Naegleria fowleri

2. Naegleria australiensis(

Table F. Animal Pathogens
Bovine pathogens

1. (Contagios bovine (pleuropneumonia)/ (Mycoplasma mycoidey var. mycoides(

2. (Foot and mouth disease virus(

3. Rinderpest virus

4. (Vesicular stomatitis virus(
Ovine pathogens

5. (Peste des petitis ruminants virus(
6. (Blue tongue virus(

Swine pathogens

7. African swine fever virus

8. (Classical swine fever virus (Hog cholera virus)(

11. Rickettsia rickettsii

9. (Teschen disease virus (Porcine enterovirus type 1)(

Avian pathogens

10. (Avian influenza virus (Fowl plague virus)(f.sp. tabacina (Adam) skalicky(

11. (Newcastle disease virus(
Equine pathogens
12. (African horse sickness virus(

Table G. Plant Pathogens

Cereal pathogens

1. (Puccinia graminis

2. Tilletia indica

3. (Claviceps purpurea(

Sugar cane pathogens

4. (Sugar cane Fiji disease virus(

5. Xanthomonas albilineans

Cash crop pathogens

6. Colletotrichum coffeanum var. virulans
7. (Erwinia amylovora(

8. (Ralstonia solenacearum(

9. (Xanthomonas campestris pv citri(
10. (Sclerotinia sclerotiorum(

11. (Peronospora hyoscyami de Bary
Forest pathogens

12. (Dothistroma pini (Scirrhia pini)(




Table H.. Toxins
Bacteriotoxins

1. Botulinum toxins

2. Clostridium perfringens toxins
3. Staphylococcal enterotoxins
4. Shigatoxins

Phycotoxins

5. Anatoxins

6. Ciguatoxins

7. Saxitoxins

Mycotoxins

8. Trichothecene toxins
Phytotoxins

9. Abrins

10. Ricins

Zootoxins

11. Bungarotoxins

The list of viruses, as a part of list of human pathogens, consists of thel5 viruses listed above.
The list of human pathogens includes bacterial agents. I think that Brucella suis and Brucella
abortus will be deleted during further negotiations. Also, two protozoa, Naegleria fowleri and
Naegleria australiensis, will be deleted. The final list of toxins consists of 11 toxins.

In the list of animal pathogens, two agents Rinderpest virus and African swine fever virus. have
been already resolved. After a long time Blue tongue disease virus was returned in the list. All the
others are in square brackets and need further negotiations and considerations. My opinion is that:
Classical swine fever virus, Newcastle disease virus, Avian influenza virus, Foot and mouth virus
and Vesicular stomatitis virus should be kept in the list. The Croatian delegation proposed inclusion
of Nipah virus in the list of animal pathogens and this was kept in the list about one year. However.
it was deleted on the nineteenth session. The reason for the deletion of this agent was because the
outbreak of Nipah encephalitis covered only a small part of the world and, for the time being, does
not satisfy the criteria for inclusion in the list.

In the list of plant pathogens you can see Tilletia indica, Xathomonas albilineans and
Colletotrichum coffeanum var. virulans that are resolved, but all other pathogens need further
negotiations and considerations. In my view, Puccinia graminis and Xathomonas compestris citri
should be kept in the list.

CONCLUSIONS

From this presentation you can see it is very hard to make a final decision on criteria, and,
hence, on the final list of agents and toxins for the future needs of Protocol to the BTWC based on
these criteria. We propose that lists and criteria for agents and toxins should be well studied and
that opinions by scientists and experts should be obtained.
The list is not exhaustive; it does not exclude those unlisted microbial or other biological agents or
toxins potentially can be used as weapons or vectors (such as pests, arthropods and helminthes).
The microorganisms enumerated in the lists of human, animal and plant pathogens do not include




live-attenuated strains, which have been registered as such in official culture collections or are
internationally recognized as such.

Further consideration will be needed to give to microorganisms carrying nucleic acid
sequences coding for pathogenic properties of listed agents and toxins and nucleic acid sequences
coding for toxins.

Any State Parties of the BTWC may propose modifications to the lists. The Executive
Council of the OPBTW shall review such proposed modifications to the list of agents and toxins.
Any changes to the list shall be made in accordance with Articles III. and XIV. of the Protocol. In
reviewing the lists of agents and toxins the Executive Council shall consider current criteria as well
as:

- Scientific and technological developments that may affect the potential of individual

agents and toxins for use as weapons.

- Effects of potential inclusion or exclusion of an agent or toxin in the list on scientific and

technical research and development.

And finally, the main goal of this presentation is to induce discussions among and from
scientists and experts who are involved with biological and toxin warfare agents or weapons as part
of their job. It seems that our group of scientist and experts in the CBMTS members are not
sufficiently included in negotiations in Ad-Hoc Group of the BTWC within their delegations.

KEY WORDS
human, animal and plant pathogens, and toxins, BTWC.
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Tablc 1. Human and zoonotic pathogens (viruscs) assessment according to criteria [or sclecting pathogens as BW

Viruses Weapo- | High Low High High con- | Infection High Stability | Difficult No effective Ease | Totals
nized level of | infec- | level of | tagiousnes | by variety level of in the y of prophylaxis of +/-
dissemi tion morbi- s of route | incapacity | environ- | detection | and/or therapy | produ-
-nation | dose dity (transmiss- | (respira- / ment / ction
ibility man | tory routc) | mortality identifi-
to man) cation

‘rimean-Congo HF virus + + + + - + + + ’ + + - 9/2
EE virus + + + + - - + - + + - 7/4
bola virus + + + + + + + - + + + 10/1
in Nombre virus - + + + - + + - + + - 7/4
[antaan virus + + + + - + - + + + - 8/3
unin virus - + + + - + + - + + - 7/4
assa fever virus + + + + - + + + + + - 9/2
Tachupo virus - + + + + + + - + + - 8/3
{arburg virus + + + + + - + - + + - 8/3
iift Valley fever virus + + + + - - - + + - - 6/5
ick-borne enceph. virus + + + + - - + + + - - 7/4
"ariola major virus + + + + + + + + + - + 10/1
"EE virus + + + + - + + - + - - 7/4
VEE virus + + + + - + + - + - - 7/4
“ellow fever virus + + + + - + + - + - + 8/3
fonkeypox virus - + + + + + + + + - - 8/3
‘hikun-Gunya fever v. (CHIK) - + + - - + - - + + - 5/6
)engue fever virus + + + + - - - - + - - 5/6
ymsk HF virus - + + + - - - - + - - 4/7
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14. THE SCIENTIFIC REVIEW OF CBMTS - INDUSTRY I

Dr. Slavko Bokan
Croatian Military Academy
HR-10000 Zagreb, Ilica 256 b, CROATIA

It is great pleasure to be here in Spiez, a remarkably beautiful place and in the AC Laboratory where the
CBMTS series was born and started, and to have the opportunity to address you at the opening session of
CBMTS-IIIL

Distinguished Mister President of the Organizing Committee of CBMTS-III, dear colleagues and friends.
allow me to present a short scientific overview of the symposium, CBMTS - Industry I or "Ecoterrorism:
Chemical and Biological Warfare without Chemical and Biological Weapons”, which took place in Zagreb and
Dubrovnik in October 1998.

CBMTS-Industry I, organized as a regional symposium, was very successful and expanded beyond the
regional boundaries. The topic raises a number of questions, which can be interpreted in various ways. The
CBMTS-Industry I dramatically demonstrated that extremely dangerous conditions could exist within the
complexes of all chemical, petrochemical, pharmaceutical and other related industries. These dangerous
conditions, which include the use of legal but very toxic chemicals on a large scale, when triggered or
aggravated by acts of terrorism, sabotage, combat or a large-scale incident or accident could lead to

* catastrophes. These could equal or exceed consequences expected of actual chemical or biological warfare
attacks. There are no specific legal or technical safeguards that would prevent these acts from occurring, and
therefore, communities must be very vigilant and thorough in their preparations to prevent and mitigate
catastrophes.

The Symposium "CBMTS-Industry I" consisted of 72 scientific papers that were presented by oral and
poster presentation. These papers were divided into 11 sessions. In addition to the scientific papers, several
demonstrations were held on the first day of the Symposium that proved our thesis of chemical and biological
warfare without chemical and biological weapons: the highly successful exercise “Kutina 98”, which showed
the possible effects of the attack on the mineral fertilizer plant “Petrokemija” Kutina, the presentation by
CROSCO of its system to fight and cap oil well fires, and the presentation of the counter-terrorism equipment
of the Canadian company Irvine Aerospace.

The session “Understanding, Prevention and Minimization of Industrial Accident Consequences”.
chaired by Dr. David Moore, brought together experts from eight countries to present their experiences in
industrial process engineering, transportation and storage of dangerous materials, safety, computer risk
modeling, toxicology, evacuation procedures, medical treatment and care of large number of poisoned and
wounded persons. They also described the plans, programs, processes and organizations that focus on
assessment, planning and training for quick responses to potential sudden releases of large quantities of toxic
chemical substances either as accidents or as strategic, objectives of war or tactical objectives of terrorists. The
lectures of this session showed the vulnerability of chemical, oil, petrochemical, pharmaceutical, biological and
other industries that use large quantities of dangerous and toxic chemical substances in their production
processes. o '

Croatian authors presented experiences from the war and all the horrors and possible consequences of such
industrial accidents caused by the war. In many countries, it is recognized that attacks on large chemical
industries are strategic wartime objectives, however these same industries are also ideal tactical targets for
terrorist. Lectures of US authors described procedures and methods of assessment of danger and consequences
of terrorist attacks on large industrial facilities aroused a great interest. In the US, the Public Health Service
uses a 10-step process in assessing the terrorist threat, target vulnerability and consequence management
requirements as they relate to large industrial facilities. An understanding of the dynamics of timetables for
responses permits better coordination between first responders and medical care providers and ultimately
benefits the victims of the disaster.

Session “Epidemiology, Biological Terrorism and Biological Warfare” chaired by Dr. Sergey Netesov.
and Dr. Leo Laughlin contained the most papers. The Croatian authors in that section showed their experiences
in assessment of possible consequences of potential usage of biological warfare agents and procedures for quick
response. The papers aroused a great interest presenting the role of epidemiological studies in possible usage of
biological warfare agents, new diagnostic methods and mathematical methodology for predicting the infectivity
of viruses in humans from animal studies. Biological warfare agents do not necessarily have to be exotic
diseases. Epidemic/Endemic viral diseases could be used by terrorists and could go unnoticed unless public




health investigators use molecular biology techniques to identify and define the causative agents in an outbreak.
Dr. Netesov suggested an organization of a series of labs that can be used as rapid diagnosis and detection
centers on an international cooperative basis. The lecture that showed possibilities of modification of Ebola
virus, as one of the most dangerous biological warfare agent, for terrorist usage aroused special interest.
Namely, it is known that this virus cannot be converted to a highly contagious respiratory agent. However.
Ebola virus may change its tropism to respiratory lining cells and its biological properties may be affected
under natural, ecological and other active influences. With such changes, Ebola virus could be transformed to
an extremely contagious and dangerous form and could become a most dangerous weapon for a terrorist use
today.

The papers in the Session “Emergency Managenient,” chaired by Dr. Brian Davey were divided into
three main topic areas. The first group described industrial accidents and incidents, facilities and experiences of
Croatian authors. Discussions raised by these papers revealed the need for a clear analysis of the differences
between standard safety and accident prevention and response in chemical industries and the additional
considerations that arise when facilities are threatened by conflict or identified as a potential terrorist targets.

The discussions covered the possibilities that chemical and biological technologies offer terrorists and
included a wide range of examples from the assassination of political targets using ricin toxin to the
contamination of foodstuffs and drinks. The motives, potential victims and nature of attacks were described in a
study that analyzed 200 incidents and accidents that happened during the last 20 years worldwide. Response to
such incidents and the need to supplement training and organization of first line response groups was
highlighted. Canadian authors presented a new method of decontamination of skin and skin injury. The new
Canadian decontaminant RSDL was presented.

The session titled "Chemical Warfare Agents," chaired by Dr. Rudolf Portmann, included papers that
dealt with the health effects of chemical warfare agents, various methods of detection, exposure monitoring.
and destruction and sequestering of chemical warfare agents. The methodology for acetylcholinesterase.
(AChE) activity determination, with the aim to standardize one widely accepted method for usage in
occupational health and clinical toxicology was also discussed. The comprehensive work on late effects of
nerve agent done in the US showed that there were few persistent effects after non-symptomatic nerve agent
exposure. Several well-accepted papers about antidotal therapy nerve agent poisoning, destruction of stored
Lewisite and benefits of zeolites for decontamination and destruction of hazardous chemical materials in
environment were also presented.

The poster session chaired by Prof. Ladislav Palinka presented 13 scientific papers relating biological and
chemical weapons, infectious diseases, measures and actions for prevention of industrial accidents caused by
the war, and a poster presenting a new antidote against intoxication of nerve chemical warfare agent soman.

The majority of participants showed a special interest in the lecture of Dr. Murray Hamilton from Canada.
the session chair for “Toxins”. This scientific paper summarized all the characteristics of toxin warfare agents
that are considered a great threat nowadays. He also discussed new methods of syntheses and production of
toxins in large quantities for military usage. This report categorized toxins as mid-spectrum agents. especially
with respect to the similarities and differences to classical chemical and biological agents. This lecture
presented all known toxicological characteristics of toxins, clinic descriptions of intoxication and unfortunately
all the impossibilities in early stage detection, non-effective medical treatment and therapy.

The section under title “Legal”, chaired by Dr. Barry Kellman and co-chaired by Elizabeth French. noted
the possibilities of legal sanctioning of military attacks on industrial facilities that deal with large quantities of
dangerous and toxic chemical substances. If the intent is to cause mass casualties with a large number of
poisoned and dead people, and destroying wildlife and environment, should such an attack be considered as
chemical warfare or not. :

The revision and customization of international warfare regulations do not always keep pace with actual
events and are often affected by political, ideological, economical and other interests and contradictions within
the international community. The papers in the field of regulation of industrial accidents caused by military
actions pointed out a possible expansion of the role of UN in international negotiations. Our thesis and
trademark "Chemical and biological warfare without chemical and biological weapons” has now been
recognized by the international diplomacy.

The OPCW representative recognized this legal problem and showed great interest for further discussions
and maybe comprehension of our thesis under decisions of CWC. How difficult it is to change international
warfare law regulations was demonstrated to us by the long duration of negotiations for Conventions such as
CWC, and, how much time will be needed for finishing the very difficult negotiations in Ad-hoc Group of
States Parties to the BTWC. However, this thesis is a reality today and consequently this interest is justified.

(38




"CBMTS - Industry I," to our great pleasure, aroused a great interest in the international scientific field.
The areas especially interested are those in industrial process engineering, transport and stockpiling of
dangerous chemical substances, computer risk modeling, prevention of industrial accidents and incidents.
toxicology of chemical, biological and toxin warfare agents, medical treatment and care of large numbers of
poisoned and wounded persons.

"CBMTS-Industry I" also included very successful exercises demonstrating practical aspects of responses
"Eco-Terrorism, Chemical and Biological Warfare without Chemical and Biological Weapons" or "Chemical
and Biological Warfare with Conventional Weapons".

One of the main goals of this symposium was to show the real threat of industrial accidents caused by wars

- and terrorist actions, sabotage, accidents and incidents in the industry, and to consider scientific and

professional measures and actions to reduce and eliminate such consequences for civilians and environment.
The effects of such disasters could be achieved by attacking chemical and petrochemical plants. oil industries.
pharmaceutical plants, biotech industries and other industries that deal with large quantities of very toxic
substances. All of these may have potentials for Trans-boundary Effects of Industrial Accidents (Convention.
UN, Helsinki, 1992).

Highly respected colleagues and friends, finally, let me tell you that the success of CBMTS-Industry 1 is
our common success. We suppose that we all share the same thoughts to start preparing for the next CBMTS.
which will take place in Dubrovnik in April 2001.

We would particularly like to say thank you to Richard and Barbara Price without whose energy and
impulse as well as organization this symposium would not have been so successful as it was. On the base of
very successful CBMTS-Industry I, we have already started organizational preparations for the next meeting
with maybe the very ambitious title "The First World Congress of Chemical and Biological Terrorism".

Again, thank you for this opportunity to address you. On behalf of the Organizing Committee of CBMTS-
Industry I, I wish you a lot of success at the symposium CBMTS-II.

12




16. OPERATIONAL ASPECTS OF CBMTS INDUSTRY I

Lt. Col. Zvonko Orehovec, M.S.

Croatian Organizing Committee of the CBMTS Industry I
Croatian Military Academy

HR-10000 Zagreb, Ilica 256 b, Croatia

INTRODUCTION
CBMTS Industry I Symposium, Eco-Terrorism Chemical and Biological Warfare without Chemical and Biological

Weapons, was the fifth in the series of CBMTS Symposiums, and it took place in Dubrovnik from 25-31 October
1998. The main organizers of the Symposium were ASA (Applied Science and Analysis Inc. from Portland. Maine)
and Ministry of Defense of the Republic of Croatia.

Present at the Symposium were 125 scientist and medical professionals from 25 countries. while the
demonstration, which took place on the 26" of October was attended by 165 professionals from 32 countries.

The goal of the Symposium was to point to the ever-growing danger from new ways and methods of wartare.
That is, coriventional and terrorist attacks on chemical, petrochemical, oil, pharmaceutical and other facilities. which
in the production process use large quantities of toxic materials, as well as chemical and biological terrorism
utilizing chemical and biological agents, and alternative chemical and biological means. The task was to point out
the difficulties associated with prevention, protection, evacuation, rescue and medical treatment, and to come up
with solutions.

The general opinion of the participants as well as of many other individuals, government and non-government
institutions, and international organizations was that the Symposium was a complete success. My colleague Mr.
Bokan elaborated the scientific and expert aspects of CBMTS Industry L.

As one of the organizers, as well as a professional soldier and chemist, I would like to say a few things
regarding the exercises that were part of the Symposium.

THE EXERCISE IN KUTINA
“Absolutely unbelievable” or “unlike any one before” were just the two of many things heard from the participants

as well as from OPCW representatives about the exercises and the message they carried. Why?

First, because the scenario of the exercise was not made up. It was based on real events, and as such. they were
a real threat with scientifically proven consequences to people and environment not only in Croatia. but in
neighboring countries, as well.

To make the exercise as real as possible, it took place near the mineral fertilizer factory that was attacked six
times during the war. Among the participants of the exercises were civil protection forces, fire fighting units.
military units from NBC and engineering, unit of technical protection and engineering from the factory. health
services of the Republic of Croatia, citizens of Kutina, and the national television. which enabled the observers to
see the complete exercise by transmitting it over the large screen.

Secondly, the exercises showed that intentional attacks or terrorist attacks with an intent to release toxic
chemicals and cause chemical accidents, can cause the same, if not worse, consequences as if chemical weapons
were used (Kuwait, Croatia). )

Thirdly, the exercises pointed out how non-conventional warfare has similar results as chemical warfare. In this
case, one’s own chemical and biological facilities, warehouses and scientific institutions can become chemical and
even biological weapons if they were to be targeted in the event of war or by terrorists. In this event conventional
weapons of the party carrying out the attack become the initiators for the release of the toxic particles.

Fourthly, and maybe most importantly, as agreed by OPCW representatives, the exercises and the Symposium
showed the possibility to bypass the Convention for Prohibition of Chemical Weapons. As a result this subject
matter will most certainly be the topic of many future discussions.

I believe that the best argument for these statements is the film of the exercise. The film you are about to see is
extracted from the original video of the exercise. (This film is available on CD version of CBMTS Industry II)

RESULTS
For the positive results of this exercise, the organizers received a number of verbal and written praises, messages of

encouragement, proposals and offers from individuals, companies.and scientific institutions to organize the next in
the series of CBMTS Symposiums with the working title of CBMTS-Industry II, The First World Congress on
Chemical and Biological Terrorism (science, medicine and anti-terrorism measures) Dubrovnik, Croatia, 22-27

April 2001.




With your help and cooperation the mentioned World Congress will be held in Dubrovnik with the
following topics: '

Defining Terrorism,

Preparation and Response,

Medical,

Medicine,

Identification,

Toxicology,

Psychological,

Communications,

Legal,

Intelligence,

Vulnerability Analyses,

Training,

Conference exercise(s) and sponsor participation
Your advice, proposals, critiques or help will be gladly accepted.

KEYWORDS
CBMTS Industry-I, Kutina, chemical response during war, chemical terrorism




17. ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE ACTIVITY
MEASUREMENTS IN HUMAN BLOOD BY THE ELLMAN METHOD. I. EVALUATION OF
PROCEDURE PROTOCOL

Mira Skrinjaric-Spoljar, Goran Sinko, Elsa Reiner and Vera Simeon-Rudolf

Institute for Medical Research and Occupational Health

Ksaverska cesta 2

HR-10000 Zagreb, Croatia

INTRODUCTION
Absorption of organophosphorus compounds or carbamates is commonly assessed by measuring the decrease in

acetylcholinesterase (AChE; EC 3.1.1.7) and butyrylcholinesterase (BChE; EC 3.1.1.8) activities in human blood.
The procedure for plasma BChE activities is well established while this is not the case for the erythrocyte AChE. We
suggest a procedure based upon separation of plasma from erythrocytes followed by separate measurements of BChE
in plasma and AChE in unwashed erythrocytes. The enzyme activities are measured by the spectrophotometric
method of Ellman (1).

EXPERIMENTAL PROCEDURE AND CONDITIONS

Venous blood is collected into dried heparinized tubes and subjected to centrifugation. Plasma is then withdrawn.
and it is essential to withdraw all plasma without removing any erythrocytes. The erythrocytes are then suspended in
water in a volume corresponding to the initial volume of whole blood, followed by 60-fold dilution with buffer (0.1
M phosphate buffer pH=7.4) and then frozen in order to haemolyse the erythrocytes. After thawing, the suspension is
further diluted with buffer and the thiol reagent DTNB added (final DTNB conc. during enzyme assay 0.33 mM). Ten
minutes after DTNB, acetylthiocholine (ATCh) is added (final ATCh conc. during enzyme assay 1.0 mM) and the
increase in absorbance read at 412 nm against a blank containing haemolysed erythrocytes suspended in buffer. The
BChE activity in plasma is also measured with 1.0 mM ATCh using the same buffer and DTNB reagent. The final
assay volume is 3.0 mL. During enzyme assay, the final dilution of erythrocytes is 600-fold (in relation to whole
blood) and of plasma 150-fold. The enzyme activities are measured at 25 or 37 °C.

The concentration of haemoglobin in the erythrocyte suspension is determined spectrophotometrically with a
modified Zijlstra reagent containing potassium ferricyanide, sodium bicarbonate and Triton X-100 (2, 3). The final
reaction volume is 1.5 mL, and the final erythrocyte dilution 120-fold. The absorbance is read against buffer at 546
nm at room temperature.

The activities of AChE are expressed as micromoles hydrolysed ATCh per minute and per milliliter whole
blood, or per milligram haemoglobin. The activities of BChE are expressed per milliliter of plasma.

DISCUSSION
The described experimental conditions were evaluated in a previous study concerning routine measurements of

cholinesterase activities in human whole blood and plasma (4). Phosphate buffer was chosen because the effect of
temperature on the pH of that buffer is small, and the buffer can therefore be prepared and used over a broad
temperature range (10 to 40 °C). ATCh is a suitable substrate for AChE and BChE. For routine purposes it is
convenient to use the same substrate concentration (1.0 mM) for both enzymes. At pH=7.4 the rate of spontaneous
hydrolysis of 1.0 mM ATCh is slow and corrections for the non-enzymic substrate hydrolysis are required only at 37
°C.

The absorbance of haemolysed unwashed erythrocytes is not stable. The absorbance measured against buffer
decreases about 0.006 absorbance units over 10 min at 25 or 37 °C. That decrease is very small and need not be taken
into account particularly because it is suggested that activities are measured against suspended haemolysed unwashed
erythrocytes as a blank.

DTNB reacts not only with thiocholine, but also with thiol groups in the haemolysed erythrocytes. Under the
above experimental conditions the reaction of DTNB with thiol groups in the haemolysed erythrocytes is completed
within 10 min, and for that reason it is suggested to add the substrate 10 min after addition of DTNB. The reaction of
DTNB with thiol groups in the erythrocytes reduces the DTNB conc. by only about 0.5%.

The suggested procedure is well reproducible. The within-run and between-run imprecision for the activity
measurements of AChE in unwashed haemolysed erythrocytes are 2% each, and for the haemoglobin determination
1% each. The corresponding imprecision for plasma BChE activity measurements are 1-3 and 6-7% respectively (this
paper and ref. 5).




SUMMARY
For routine assay of human blood cholinesterase activities it is suggested to separate erythrocytes from plasma by

centrifugation and measure the acetylcholinesterase activity in unwashed erythrocytes and butyrylcholinesterase
activity in plasma. The suggested substrate for both enzyme activity measurements is 1.0 mM acetylthiocholine.
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18. ORGANOPHOSPHORUS COMPOUNDS AND ESTERASES:
CURRENT RESEARCH TOPICS CONCERNING TOXICITY OF, AND PROTECTION AGAINST

ORGANOPHOSPHATES

Elsa Reiner

Institute for Medical Research and Occupational Health
Ksaverska cesta 2

HR-10000 Zagreb, Croatia

INTRODUCTION

Two groups of esterases react with organophosphorus (OP) compounds: serine esterases and phosphoric triester
hydrolases (PTHs; EC 3.8.1). The acute toxicity of OP compounds is primarily due to inhibition of
acetylcholinesterase (AChE; EC 3.1.1.7). The delayed polyneuropathy, induced by some OP compounds, is related
to inhibition of the neuropathy target esterase (NTE). So far, NTE has not been classified in the Enzyme
Nomenclature (1). AChE and NTE are both serine esterases. Unlike to serine esterases, OP compounds are not
inhibitors but substrates of phosphoric triester hydrolases (PTHs): paraoxonase (PON; EC 3.1.8.1) and DFPase (EC
3.1.8.2). The hydrolysis products of the OP compounds are not toxic, and PTHs therefore play an important role in

'OP detoxification.

The structural formulae of several OP compounds are given in Figure 1. Sarin, soman, tabun, and VX are nerve
agents. Paraoxon and DFP are characteristic substrates of the PTHs. Both serine esterases and PTHs react with OP
compounds on the same ester or anhydride bond marked in the figure by an undulated line.

For detailed information, readers are invited to consult books and conference proceedings listed in references 2-
13 at the end of this brief review. Reference 14 summarizes the early literature on the subject. Individual papers are
not quoted in the text, because their number would grossly exceed the length of the review.

REACTIONS OF ORGANOPHOSPHORUS COMPOUNDS WITH SERINE ESTERASES

The reactions of serine esterases with OP compounds are shown in Scheme L. Inhibition of serine esterases is due to
phosphorylation of the active-site serine. This reaction proceeds via an intermediate Michaelis-type complex
between the enzyme and OP compound. The phosphorylated enzyme (EP) is catalytically inactive.
Dephosphorylation with water (spontaneous reactivation) is very slow, while it is faster with oximes (oxime
reactivation). Depending on the substituents on the phosphorus, EP can undergo deatkylation, which is termed
ageing. The aged enzyme cannot be reactivated.

ACHE is a globular protein and its three-dimensional structure is known. Its physiological substrate is
acetylcholine. A schematic drawing of the AChE molecule is shown in Figure 2. The active site of AChE is in the
center of the molecule accessible through a narrow gorge lined with water molecules. The catalytic triad (serine.
histidine and glutamic acid), a choline-binding pocket and an acyl-binding pocket form the active site. Furthermore.
ACHE has an allosteric (peripheral) site close to the rim of the gorge. The allosteric site is catalytically inactive.
However, reversible binding of substrates or other ligands to that site affects catalysis in the active site. The effect is
usually inhibitory. There is some evidence that the AChE molecule might have a "back door" through which
products of substrate hydrolysis leave the enzyme.

Research on AChE is now directed towards identification of individual amino acids that participate in the
individual steps of catalysis. The experimental approach consists in preparing site-directed mutants. correlating the
catalytic properties with the structure of the mutant and modeling the enzyme/ligand complexes. The results are
expected to further elucidate the mechanism of action of AChE. This in turn might facilitate a more rational design
of compounds, which would prevent phosphorylation of the active site by OPs, facilitate reactivation of EP and slow
down aging. The toxicity of OPs is primarily determined by these three reactions.

NTE has only recently been cloned and was shown to be unrelated to any known serine hydrolases. Its
physiological role is not known. OP compounds are inhibitors of NTE, but only some OPs cause delayed
polyneuropathy. These OPs phosphorylate the active-site serine, which in turn is followed by aging of the inhibited
NTE. Polyneuropathy does not develop if ageing does not occur. This could indicate that the axonal maintenance is
sensitive to the negative charge on the aged enzyme (Scheme 1) and not to the activity of NTE. Phosphorylation and
aging of NTE occur within minutes, but degeneration of the long axons takes weeks to develop.

Present studies aim at clarifying the link between NTE and the OP-induced delayed polyneuropathy. Studies are
focused on the molecular structure of NTE and on compounds that promote OP-induced polyneuropathy without
causing polyneuropathy themselves. Promoters known so far are NTE inhibitors, but it seems unlikely that NTE is




the target enzyme.

HYDROLYSIS OF ORGANOPHOSPHORUS COMPOUNDS BY PHOSPHORIC TRIESTER
HYDROLASES :

The mechanism of reaction of OP compounds with PTHs i different from the reaction of OPs with serine esterases.
PTHs require divalent cations for catalysis as shown in Scheme 2. The cation (M** in Scheme 2) is embedded in
histidine residues and it binds the water molecule required for OP hydrolysis. So far nothing is known about the
intermediate steps leading to hydrolysis, except for the kinetic evidence that a Michaelis complex is formed between
the enzyme and OP. The physiological role of PTHs is also not known.

PTHs hydrolyse a broad range of OP compounds. The substrate specificities of paraoxonase and DFPase are
different, and the same holds for the cation required for catalysis. Paraoxonase in mammalian sera requires calcium
ions, while DFPase in microorganisms usually depends on magnesium, zinc or manganese cations. Recently DFPase
was also found in plants and its activity was stimulated by manganese ions. PTHs are stereoselective like AChE.
The OP enantiomer, which is more quickly hydrolysed by PTHs, is less inhibitory for AChE, and vice versa. PTHs
have been shown to hydrolyse carboxylic acid esters such as phenylacetate, which is a characteristic substrate of the
arylesterase (EC 3.1.1.2) (1).

The search for the natural substrate(s) and physiological role of PTHs continues. Mammalian serum
paraoxonases seem to act against cellular damage from toxic agents and oxidized lipids, and there are some
indications that human serum paraoxonases might be markers of lipid metabolism disorders. The polymorphism of
these enzymes in human sera is well established. PTHs have recently been cloned and mutants prepared. This has
greatly enhanced studies on substrate specificity and mechanism of substrate hydrolysis. The in vivo role of PTHs in
detoxification of OPs and their use in decontamination from OPs constitutes a very lively field of research.

OXIMES AS ANTIDOTES AND PROTECTORS AGAINST ORGANOPHOSPHORUS COMPOUNDS

The primary mechanism of action of oximes as antidotes is to reactivate the phosphorylated AChE (Scheme 1). The
pyridinium oximes PAM-2 and HI-6 (Figure 2), and the bis-pyridinium dioxime toxogononin, are therapeutic drugs
in OP poisoning. Not a single oxime prepared so far is active against a very broad range of OPs. Moreover. none has
been known to act against all four nerve agents. The search for better antidotes is still based on the trial and error
approach. The same applies to oximes and other compounds used as prophylactic agents. Imidazolium oximes. and
more recently quinuclidinium derivatives, are under evaluation; two compounds from those groups are shown in
Figure 2. '

The products of dephosphorylation by oximes are phosphorylated oximes (Scheme 1). Phosphorylated oximes
are potent AChE inhibitors. Many, but not all, are very unstable compounds. In vivo phosphorylation of the
reactivated AChE by phosphorylated oximes has seldom been reported so far. Oximes themselves are also toxic.
They bind to AChE as reversible inhibitors.

Reversible inhibitors form complexes with AChE either in the active site or in the allosteric site or in both sites
of the enzyme. Reversible inhibitors, including oximes, protect thereby AChE from phosphorylation. When the
reversible inhibitor binds to the active site, the protection is due to direct competition between the OP compound and
reversible inhibitor. Binding of a reversible inhibitor to the allosteric site induces indirect protection of the active
site. This has been well documented by in vitro studies, but was so far less evaluated in experimental toxicology.

ESTERASES AS ANTIDOTES, PROTECTORS AND DECONTAMINATING AGENTS AGAINST
ORGANOPHOSPHORUS COMPOUNDS
Phosphorylation of serine esterases by OP compounds occurs on a 1:1 molar basis. This reaction inhibits the
enzyme, but detoxifies the OP compound. Phosphorylation of AChE causes toxicity, because phosphorylated AChE
cannot hydrolyse its physiological substrate acetylcholine. On the other hand, butyrylcholinesterase (BChE: EC
3.1.1.8) and carboxylesterase (EC 3.1.1.1) in mammalian sera and tissues can be almost completely inhibited
without an apparent toxic effect. This means that cholinesterases and carboxylesterases act as scavengers of OPs.
However, once phosphorylated, the enzymes cannot detoxify another OP molecule unless oximes are present which
reactivate the enzyme. Consequently, cholinesterases and carboxylesterases act as stoichiometric scavengers, while
combined with oximes they become catalytic scavengers.

The feasibility of using serine esterases, such as AChE and BChE combined with oximes, as drugs against OPs
has been demonstrated in rodents and in non-human primates. Protein engineering techniques have now enabled an
intensive search for enzyme mutants, which ideally should meet the requirement to react rapidly with OPs, to age

(8]




slowly and to be easily reactivatable by oximes.

PTHs also play a major role in the detoxification of OPs. The high toxicity of OPs for avian species has been
attributed to the low activity of endogenous PTHs in these species. Rabbits, which have a very high paraoxonase
activity, are more resistant to paraoxon than other mammals. Human serum paraoxonases exhibit a substrate
dependent polymorphism, with low and high activity modes for each substrate. Analysis of polymorphisms in
population groups is suggested to identify individuals at risk. Studies on rodents have shown that administration of
purified paraoxonase significantly reduces the toxicity of paraoxon and other OPs. These promising results stimulate
present research on the use of PTHs and their mutants as drugs against OPs.

Finally, the use of esterases is suggested for the decontamination of skin, clothing and equipment. PTHs from a
microorganism immobilized to cotton wipes detoxifies nerve agents and OP pesticides. Purified AChE or BChE
immobilized to polyurethane sponge does the same. Rinsing the sponge with oxime solutions restores the enzyme
activity. PTHs can be co-immobilized on the same sponge thus increasing the decontaminating capacity. Enzymes
immobilized to matrices are more stable than in solution and can therefore be used repeatedly.

SUMMARY
Reactions of organophosphorus compounds with cholinesterases, neuropathy target esterase and phosphoric triester
hydrolases are discussed with respect to the toxicity of organophosphates. Antidotes, protectors and decontaminating

agents against organophosphates are described.

REFERENCES
1. Enzyme Nomenclature (1992) Recommendations of the Nomenclature Committee of the International Unionof

Biochemistry and Molecular Biology on the Nomenclature and Classification of Enzymes, Academic Press
Inc., San Diego, 1-862.

2. E. Reiner et al. (editors) (1989) Enzymes Hydrolysing Organophosphorus Compounds, Ellis Horwood Limited.
Chichester, 1-266.

3. J. Massoulie et al. (editors) (1991) Cholinesterases: Structure, Function, Mechanisms, Genetics and Cell Biology.
Conference Proceedings Series, Americal Chemical Society, Washington DC, 1-414.

4. E. Reiner and M. Lotti (guest editors) (1993) Enzymes Interacting with Organophosphorus Compounds.
Chemico-Biological Interactions, Special Issue, 87, 1-476.

5. M. L. Mackness and M. Clerk (editors) (1994) Esterases, Lipases and Phospholipases: from Structure to Clinical
Significance, NATO ASI Series A, Life Sciences 266, Plenum Press, New York, 1-279.

6. D. M. Quinn et al. (editors) (1995) Enzymes of the Cholinesterase Family, Plenum Press, New York. 1-534.

7. B. Price (editor) (1997) Proceedings of the Second Chemical and Biological Medical Treatment Symposium. R.
Price (publisher) ASA, Portland, Maine, 1-381.

8. B. P. Doctor et al. (editors) (1998) Structure and Function of Cholinesterases and Related Proteins, Plenum Press.
New York, 1-630.

9. E. Reiner et al. (guest editors) (1999) Esterases Reacting with Organophosphorus Compounds. Chemico-
Biological Interactions, Special Issue, 119/120, 1-620.

10. S. Bokan et al. (editors) (1999) Proceedings of the Chemical and Biological Medical Treatment Symposium -
Industry I, R. Price (publisher) ASA, Portland, Maine, 1-375.

11. E. Giacobini (editor) (2000) Cholinesterases and Cholinesterase Inhibitors, Martin Dunitz Publishers. London.
1-250. :

12. Abstracts of Platform and Poster Presentations of the Third Chemical and Biological Medical Treatment
Symposium, Spiez, Switzerland (2000), AC Laborartorium, Spiez, Switzerland and Applied Science and
Analysis Inc. (ASA), Portland, Maine, USA, Abstracts Nos. 1-100.

13. ESTHER server: Esterases and alpha/beta hydrolase enzymes and relatives (Structures), Internet address:
http://www.ensam.inra.fr.

14. W. N. Aldridge and E. Reiner (1972) Enzyme Inhibitors as Substrates. Interaction of Esterases with Esters of
Organophosphorus and Carbamic acids, North-Holland Publishing Comp., Amsterdam, 1-328.

KEYWORDS
Serine esterases; Cholinesterases; Acetylcholinesterase; Buturylcholinesterase; Neuropathy target esterase:

Phosphoric triester hydrolases; Paraoxonase; DFPase; Oximes

FIGURES AND TABLES

(98]




o] 0
ISOCH0-P-|-F  (CHyC-CH—0—P-}-F
CH, CHy  CH
Sarin Soman
2 Q
CHO-P-}-CN  C;H;0—P-}-S—(CH,)r—N(iso CsHy),
N(CH;); CH,
Tabun VX
Q 9
{isoC 3H7°)2P";-F (Cszo)zP"§ ‘O-Q—Nc’z
DFP Paraoxon

Figure 2. Schematic drawing of the AChE molecule (prepared by Zoran Radic, UCSD, USA)
PERIPHERAL

~20A

7 ACYL
POCKET

C
terminus

N
terminus




Figure 3. Structural formulae of several oximes
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Scheme 1. Reactions of serine esterases with
organophosphorus compounds
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Scheme 2. Reaction of phosphoric triester hydrolases
with organophosphorus compounds
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19. ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE ACTIVITY
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HR-10000 Zagreb, Croatia

INTRODUCTION

Erythrocyte acetylcholinesterase (AChE; EC 3.1.1.7) activities are usually measured in whole blood and the
most commonly used substrate is acetylthiocholine (ATCh). As whole blood contains also butyrylcholinesterase
(BChE; EC 3.1.1.8) the rate of substrate hydrolysis in whole blood is due to the activity of both enzymes.

Several procedures have been proposed so far for erythrocyte AChE measurements in whole blood. Worek et al.
(1) propose to measure AChE activity in the presence of 20 pM ethopropazine which inhibits plasma BChE.
Portmann (2) and Wicki (3) propose to measure both AChE and BChE in whole blood by successive addition of
ATCh and butyrylthiocholine (BTCh). An assessment of erythrocyte AChE activity can also be done by measuring
the rate of hydrolysis of 1.0 mM ATCh in whole blood, as under these conditions the rate of hydrolysis is primarily
due to the erythrocyte AChE (4, 5). Finally, one can separate by centrifugation the erythrocytes from plasma. wash
the erythrocytes with saline or buffer, and measure AChE activities in washed erythrocytes and BChE in plasma. In
our procedure described in Part I of this paper we also suggest to separate erythrocytes from plasma, but we suggest
to measure AChE in unwashed erythrocytes.

We have compared the protocols described above and assessed advantages and disadvantages of each procedure.

RESULTS v

Unwashed erythrocytes contain some residual plasma. In order to test whether BChE in the residual plasma
affects the AChE activity in unwashed erythrocytes, we applied ethopropazine as a potent BChE inhibitor. The mean
rate of hydrolysis of 1.0 or 0.5 mM ATCh was 8% inhibited by 20 uM ethopropazine (4 samples) irrespective of
whether the activity was measured in unwashed or washed erythrocytes. This result indicates that BChE in residual
plasma did not show up in the assay, as otherwise the inhibition in unwashed erythrocytes would be higher than in
washed erythrocytes. We therefore consider that washing the erythrocytes before AChE assay is not required.
particularly because washing might cause haemolysis, and also some detachment of AChE from the membrane.
However, the above result indicates that the 8% inhibition must be attributed to inhibition of AChE. which is in
agreement with 5% inhibition of AChE reported by Worek et al.(1).

A further test concerning the procedure was the following. The cholinesterase activity of whole blood was
measured with 1.0 mM ATCh without separating erythrocytes from plasma. Knowing the haematocrit. the
cholinesterase activity of the whole blood sample was calculated as the sum of separate measurements of AChE in
unwashed erythrocytes and BChE in plasma. The mean values of the measured and calculated activities were in very
good agreement: 7.16 and 6.97 umol min"'mL" respectively (15 samples).

The AChE activities can be expressed either per volume of whole blood or per haemoglobin content. The
relative standard deviation of the mean erythrocyte AChE activities in 15 samples was 12% irrespective of whether
the activity was expressed per milliliter blood or milligram haemoglobin. The mean haemoglobin concentration in
15 samples of whole blood and unwashed erythrocytes was 8.82 and 8.28 pmol/mL respectively. This difference is
small, but it might point to a slight loss of haemoglobin due centrifugation and plasma withdrawal.

DISCUSSION AND CONCLUSIONS

To detect absorption of organophosphorus compounds or carbamates one should measure the activity of both
cholinesterases in human blood, because inhibition of AChE and BChE by a given compound is different and there is
no general rule to predict which enzyme will be more inhibited.

We consider that the procedure outlined in Part I is simple and therefore suitable for routine assays, particularly
because we suggest to use only one substrate (ATCh) and measure both enzymes with the same substrate
concentration. The procedure however requires centrifugation of whole blood and a careful separation of plasma from
erythrocytes, and this might be a disadvantage.

Worek et al. (1) suggest an AChE assay in whole blood with ATCh as substrate, but in the presence of

ethopropazine (20 uM) in order to inhibit BChE. When ethopropazine is applied as a selective inhibitor of plasma




BChE one should bear in mind that the usual BChE phenotype is 98% inhibited with 20 UM ethopropazine. while
the atypical BChE phenotype is inhibited only 74%, and the heterozygots of the atypical variant between 94 and
85% (6). The occurrence of BChE phenotypes other than the usual is rare (7, 8) and the errors in estimated AChE
activities due to their presence should therefore be rare. Worek et al. (1) further suggest that plasma BChE is.
measured with BTCh as substrate. Consequently, determination of AChE and BChE requires two different substrates.
one selective inhibitor and centrifugation of whole blood to obtain the plasma.

In the procedure of Portmann (2) and Wicki (3) AChE and BChE are both measured in whole blood. The activity
of both enzymes is first measured with ATCh (1.0 mM) after which BTCh (5.0 mM) is added to the same cuvette
and the activity measurement continued. Assuming that BTCh is hydrolysed only by BChE and that addition of
BTCh stops the hydrolysis of ATCh, the activities of AChE and BChE are calculated. This protocol avoids any
blood centrifugation which is an advantage. In that procedure one should however bear in mind that BTCh is not
fully specific for BChE, but is also hydrolysed by AChE. At the above substrate concentrations AChE hydrolyses
BTCh about 10-times slower than ATCh (mean of 5 samples).

In conclusion, each procedure described above has its own intrinsic problems. The protocol of choice should be
the simplest procedure in technical terms, giving reliable and well reproducible results. That should be verified in a
quality control study over a wide range of AChE and BChE activities in order to determine which protocol 1s most
selective in the differentiation of the two enzymes' activities.

SUMMARY
The procedure suggested for the assay of erythrocyte acetylcholinesterase and plasma butyrylcholinesterase in human

blood outlined in Part I of this paper is compared with two other procedures suggested for these two enzymes.
Advantages and disadvantages of each protocol are discussed.
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20. EFFECT OF PYRIDOSTIGMINE (PYR) AND NON PENETRATIVE TRAUMATIC BRAIN INJURY
ON NEUROMUSCULAR PERFORMANCE IN THE RAT
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INTRODUCTION

Pyridostigmine, a reversible carbamate acetylchlorinesterase, has been recommended as a pretreatment in warfare
nerve agent intoxification. It is used by the military to obtain 20-30% whole blood acetylcholinesterase (AchE)
inhibition to enhance the effectiveness of the standard therapeutic regimen jase (ChE) inhibitions. when
administered in symptom producing doses, may cause rhabdomyonecrosis [3]. Morphological alterations of the
neuromuscular junction have been demonstrated in diaphragm, soleus and extensor digitorum longus muscles of rats
given PYR either acutely or subacutely [4-6]. There have been relatively few studies documenting the functional
effects of PYR on the neuromuscular junction. Whether PYR exert an adverse on neuromuscular activities with
closed head injury has not been documented.

Closed head injury is associated with high mortality and morbidity. It has been reported that survivors of closed
head injury may develop cognitive dysfunctions and retarded neuromuscular performance. Whether it may exert an
adverse effect on neuromuscular activities in the survivors with closed head injury has not been studied.

The present study was designed to investigate the effect of PYR on neuromuscular performance in rats
subjected to closed head injury [7].

MATERIALS AND METHODS

Male Sprague rats (300+5g) were pretreated with normal saline or PYR (7 mg/kg body weight, intraperitoneally).
daily for 3 days. They were subjected to (a) rotametric strength test (b) forelimb grip test, 3 h after the last injection.
They were anesthetized with a Clinical Research Center cocktail (0.3 ml per 100 g body weight) and were subjected
to a closed head injury of weight 300 g height 1.5m. They were subjected to the rotametric test and grip strength
tests after 16 or 40 h.

Rotametric test - A rotametric device (Columbus Instruments Rotamex 4/8 system. Ohio, USA) was used to
examine the ability of the animal to coordinate itself while being placed on a rotating rod with the rotational speed
of 6 rpm (start speed) and 20 rpm (end speed) for a period of 120 seconds. An internal micro-controller was used to
detect the time when a subject fell from the rod. The average reading (in seconds) for two successive trials was taken
from each animal.

Grip-strength test - The fore limb grip-strength was measured using a grip-strength meter (Columbus
Instruments, Ohio, USA). The animal was placed on the electronic digital force gauge that measures the peak force
exerted on it by the action of the animal. While drawing along a straight line leading away from the sensor. the
animal was released at some point and the maximum force attained was stored on the display. The highest reading
(in Newton) of three successive trials was taken from each animal.

Induction of head injury - The scalp of the anesthetized animal was shaved, and a helmet was cemented to the
calvaria with a thin layer of dental acrylic. The animal was then placed in a prone position on a foam bed. with the
lower end of the Plexiglas tube positioned directly above the helmet. The injury was delivered by dropping 300 ¢ of
weight from 1.5 m.

The weight-drop device consists of a column of brass weights falling freely by gravity onto a metallic helmet
fixed to the skull vertex of the rat by dental acrylic. The brass weights, each about 50 g, are threaded so that they can
be connected to produce a falling weight ranging from 50 to 500 g. From a designated height, the weight falls
through the vertical section of a transparent Plexiglas tube held in place with a ring stand. The helmet consists of a
stainless steel disc, 10 mm in diameter and 3 mm thick. The contact side of the disc is grooved concentrically to
accept acrylic and firm the contact. After release of the weight, the Plexiglas frame is removed rapidly to prevent a
second impact.

RESULTS AND DISCUSSION

Rotametric score - Saline-pretreated rats were associated with a rotametric score of 11444 sec. With sham operation.
the score was 11743 and >120 seconds at 16 and 40 h, respectively. When subjected to closed head injury, the score
was 98+13 and > 120 sec at 16 and 40 h, respectively. Pyridostigmine pre-treatment, however. reduced thee
rotametric score to 94+8. With sham-operation, the rotametric score was 83+2 and 87+2 at 16 and 40 h.
respectively. With closed head injury, the rotametric score was 105+12 and 11941 at 16 and 40 h, respectively.




Fore limb grip-strength score - Saline pre-treated rats obtained a grip-strength score of 8.3+0.3. With sham
operation, the grip-strength score was 8.2+0.7 and 7.7+0.9 at 16 and 40 h, respectively. In contrast, close head injury
reduced the grip-strength score to 6.9£0.5 and 7.3+1.0 at 16 and 40 h, respectively. Pyridostigmine administration
was associated with a grip-strength score of 6.3+0.3 (p<0.05 vs. saline-treated group). With sham-operation. the
grip-strength score was 6.2+1.1 and 7.3+0.9 at 16 and 40 h, respectively. With closed head injury. the score was
5.840.6 and 6.8+1.9 at 16 and 40 h, respectively.

The results showed that PYR administration caused a significant decrease in rotametric and forelimb grip-
strength scores in rats. However, no statistically significant decrement in performances could be evidence after 16
and 40 h. These observations suggested that PYR may have a short term deleterious effect on the neuromuscular
performance in rats. Closed head injury caused a numerical decrease in the rotametric and grip-strength scores. but
statistically significant decrement was not observed. The results showed that there was no synergistic effect between
PYR administration and closed head injury on neuromuscular performance in rats. The significance of these
observations remains to be clarified and the present findings need to be substantiated in humans.

SUMMARY
The effect of pyridostigmine (PYR) and closed head injury on neuromuscular performance in the rat is described.

The rats were pretreated with either saline or PYR (7 mg/kg body weight, IP) daily for 3 days before being subjected
to rotametric and grip-strength tests. They were then subjected to closed head injury and underwent the tests. PYR
administration caused a significant short-term decrement in rotametric and grip-strength performances suggesting
that PYR may exert a short-term deleterious effect on the neuromuscular performance in the rat. Closed head injury
caused a numerical decrease in the rotametric and grip-strength scores but the effect was not statistically significant.
There was no synergistic effect between PYR and closed head injury on the neuromuscular performance in the rat.
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FIGURES
Figure 1. Effect of pyridostigmine and closed head injury on rotametric performance in the rat.
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Figure 2. Effect of pyridostigmine and closed head injury on grip-strength performance in the rat.
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21. THE RELATIONSHIP BETWEEN THE DOSE OF SARIN AND CHOLINESTERASE INHIBITION IN
THE BLOOD FOLLOWING INHALATION INTOXICATION
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SUMMARY
Inhalation exposure is one of the important routes of administration of nerve agents. There are scarce data dealing

with the effect of low concentrations of these agents. We studied effects of sublethal concentrations of sarin
administered by inhalation on acetylcholinesterase (AChE, EC 3.1.1.7) activity in the blood of rats. The aim of this
study was to determine if it is possible to monitor exposures to low concentrations of sarin using current methods of
determining blood cholinesterases. We used a dynamic inhalation chamber of our own construction. AChE was
determined according to modified Ellman’s method. The concentrations of sarin were the following: 0.5. 0.67. 0.8
and 1.0 mg.m, 4 hrs exposure. At the concentration of 0.5 mg.m, the effects of duration of exposure were studied
in intervals 3, 4 and 6 hrs, respectively. Different concentrations of sarin (4 hrs exposure) caused decreases of AChE
activity from 71.9% (the lowest concentration of sarin) to 40.4% (the highest concentration of sarin). Increased
duration of exposure has led to increased AChE inhibition, dependent on the time of exposure. At the last interval
studied (6 hrs), AChE activity was 60%. It appears from these results that AChE in the blood is very sensitive
marker for diagnosis of inhalation exposure to low concentrations of sarin.

INTRODUCTION

Intoxication with organophosphorus cholinesterase inhibitors constitutes a problem in industrial and agriculture
toxicology. Similar compounds, e.g., sarin are considered as potential chemical warfare agents due to their toxicity
and physicochemical properties. The main route of toxic compounds to the body is through the respiratory or
gastrointestinal tract and the skin. A large number of results concerning parenteral administration has been published
(1), however, few experiments have been published on inhalation intoxication, especially for very low

concentrations (2-4).

MATERIAL AND METHODS

Animals

Female Wistar rats (VELAZ Prague), weighing 180-200 g, were used. The animals were maintained in an air-
conditioned room (22°C and 50% relative humidity, with light from 7:00 to 19:00 h, and were allowed free access to
standard chow and tap water. The Ethics Committee of Charles University at Hradec Krdlové supervised the
handling of experimental animals.

Inhalation intoxication
A dynamic inhalation chamber of our own construction was used. It was composed from the chamber (total volume

30 L) with active exchange of air (30 L/min) with suction of air through the filter, i.e., the chamber of dynamic
character was used. The formation of sarin vapors was based on evaporation of sarin in a rotating bar. The
concentration of sarin in the chamber was measured using detection equipment based on determination of
cholinesterase inhibition in the alcoholic extract of air and calibrated for sarin. This allowed us to monitor sarin
concentration discontinuously. Concentrations of sarin were as follows: 0.5, 0.67, 0.8 and 1.0 mg m™ for 4 hrs
exposure. At the concentration of 0.5 mg m?, the effects of exposure duration were studied in intervals of 3. 4 and 6
hrs, respectively.

ACHhE activity determination
AChE activity of erythroctyes was determined with the modified method of Ellman et al., (5) as described
elsewhere. Acetylthiocholine was used as substrate and activity was expressed as (cat/L of the whole blood).

Statistical evaluation
Statistical evaluation was made using the method of linear regression analysis calculated by means of minimal
squares. The equations with relevant correlation coefficients were calculated. For each concentration and interval.

six animals in each group were used.

RESULTS AND DISCUSSION




Exposure to different sarin concentrations caused decreases in AChE activity from 71.9% (concentration 0.5 mg m™)
to 40.4% (the highest concentration). The relationship between AChE activity and concentration of sarin is shown in
Table 1. At the highest concentration of sarin, with AChE activity at 40.4% of the uninhibited AChE. marked
clinical symptoms of intoxication were not observed. AChE activity is dependent on the duration of exposure as it is
demonstrated for concentration 0.5 mg m™ in Table 2.

In all cases, both relationships (i.e., sarin concentration vs. AChE activity and duration of exposure vs AChE
activity) were linear. These results suggest that at the low concentrations, AChE in the blood is "titrated" by sarin
and that AChE in the blood is very sensitive marker for diagnosis of inhalation exposure to low concentrations of
sarin.
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TABLES AND FIGURES

Table 1. Dependence of sarin concentration and AChE activity in the blood

Sarin Concentration ACHE activity

(mg m?3) (% of controls, meantSD)
0 100£12.1

0.5 71.9£13.1

0.67 61.4£10.2

0.8 50.749.1

1.0 40.419.2

Equation: y = 100 - 59.1x, r,,=-0.99844

Table 2. Relationship between duration of sarin exposure and AChE activity in the blood

Exposure Time AChE activity
(hrs) (% of controls, meantSD)
0 100+12.1
3 78.2%10.2
4 71.9+13.1

6 60.0£10.2

Equation: y = 100 - 7.33x, 1, = -0.99842




22. SIMPLE METHOD FOR MORE PRECISE DIAGNOSIS AND TREATMENT OF
NERVE AGENT POISONING
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INTRODUCTION
In the treatment of nerve agents (NA) poisoning, two therapeutic principles are used. Paralysis of accumulated

acetylcholine is due through the action of anticholinergic drugs, most frequently atropine, cholinesterase reactivators are
used for so called causal therapy (1,2). The stabile phosphorylated enzyme is possible to return to normal activity by
these reactivators (3,4), under condition that the inhibited cholinsterase is not converted to non-reactivatable complex.
It is known that NA produced this so called dealkylation or aging at different times after the some reaction of enzyme
with inhibitor. For soman, the half time for dealkylation was determined to be about 5-10 min., for sarin about 10-13
hours and for VX the dealkylation was not possible to determine more than 24 hours (5).

These findings can be applied for the both cholinesterases (acetylcholinesterase, AChE, EC 3.1.1.7. and
butyrylcholinesterase, BuChE, EC 3.1.1.8.) in the nervous system and in the blood. Knowledge of state of AChE
(reactivatable of unreactivatable complex) would of interest for diagnosis, treatment and prognosis of NA poisoning.

Description of simple test for these purposes is the aim of this study.

MATERIALS AND METHODS

In experiments in vitro, the blood from 55 years-old healthy man was haemolyzed by distilled water (1:20) or
by solutions of soman, sarin and VX compound, respectively. The concentrations of inhibitors caused high (80-90 %).
middle (50 %) or low (10-20 %) inhibition. Following 30 min., 5 hours or 24 hours, AChE activity in these samples
was derermined in the presence or the absence of trimedoxime (5. 10* M).

In experiments in vivo, the dogs of both sexes, weighing 6,75 - 14 kg, were used. The animals were i.m.
intoxicated with soman (0,007 mg/kg), sarin (0,03 mg/kg) or VX compound (0,003 mg/kg), respectively. The AChE
activity and reactivation efficacy in the blood samples was determined at different time intervals after the intoxication.
ACHE activity was expressed as _mol of substrate hydrolyzed per ml of the blood per min, or as per cent of controls.
the reactivation potency was expressed as per cent of reactivation.

The homogeneity of both control and experimental groups was evaluated by Bartletts test. For these
experiments, 5-9 measurements were used for experiments in vitro (each time interval and every concentration) and 3-6
animals for experiments in vivo. The differences beween groups were determined by analysis of variance, using Hewlett

Packard computer 9830 A.

RESULTS
Very low reactivation was demonstrated for soman inhibited AChE. AChE reactivation from 15 to 63 % for

the blood AChE inhibited by sarin was observed and AChE reactivation higher than 55 % was determined for AChE
inhibited by VX.

Following intoxication with soman, fast decrease of the blood AChE activity ws determined. It reaches to
steady state 10 min after the injection of soman. The reactivation ability of the blood AChE was decreased in time and
following 50 min the blood AChE in soman intoxicated dogs was not able to reactivate. The mean reactivatability in
the range of 0 - 16 % for soman intoxication was observed.

In case of sarin, similar decrease of the blood AChE activity was demonstrated. On the other hand.
reactivatability 100 min after the injection of sarin was observed, the mean reactivation for sarin inhibited AChE was
determined to be approximately 60 %.

The prolonged AChE inhibition was demonstrated following VX intoxication: the steady state was achieved
30min after the injection of VX. On the other hand, practically 100 % reactivation in vivo was obtained 120 min after
intoxication with VX. The results in vitro and in vivo are summarized in Table 1.

Reactivation (%) of the human blood AChE in vitro and the dog AChE in vivo following exposition by sarin, soman
and VX ’




% of reactivation
(AchE, human blood, in vitro, variation (AChE, dog blood, in vivo, means with
Compound limits for all intervals studied) their confidence limits, pé0.0S}
Soman 0-10 16,06 _ 6,06
Sarin 15 - 63 62,67 5,79
VX 55 - 85 87,61 _8,79
DISCUSSION

Our results dealing with reactivatability of the blood AChE following soman, sarin and VX intoxication
showed that this approach is suitable as that used for insecticides. Our results in vitro and in vivo are in good
correlation. The reactivation test would be useful also for OP in forensic chemistry. If we compare the results in viva.
it can be concluded that the test can be used not only for determination of reactivatability but also for differential
diagnosis of intoxications with soman: reactivation about 50 % demonstrates intoxication with sarin and higher
reactivation than 80 % might be typical for VX intoxication.

From the results presented, it can be assumed halftime of dealkylation, for soman it lies in the range of 5-10
min, for sarin it is more than 2 hours and for VX dealkylation was not observed within 2 hours. This is in excelent
agreement with literature data (2,3,5).

We developed method for double AChE determination in the blood - the first one without and the second one
with reactivator. When the activity in the second determination is the same or lower than 0 - 10%, then soman
intoxication is very suspect and repeated administration of reactivators will be uneffective. When reactivation is
observed in the range of 30 - 50 %, very probably, organism was poisoned with sarin. In case of 80 % and higher
reactivation, VX is probably the toxic agent. In these cases, administration of reactivators is indicated.

SUMMARY

Nerve agents inhibit acetylcholinesterase (AChE, EC 3.1.1.7.) in the erythrocytes and cholinergic nervous
system. The basic therapeutic interventions comprise administration of atropine (paralyzing effects of accumulated
neuromediator acetylcholine) and reactivators of AChE (reactivating by nerve agent inhibited AChE). However. in
some cases, depending on the structure of nerve agent, inhibited AChE is changed to complex resistant to reactivators.
It is unreactivatable. In these cases, repeated administration of reactivators is not effective. This reaction called aging or
dealkylation is very fast for soman (t, s approximately 10 - 12 hours) and for VX, the ;5 was more than 24 hours.

We developed method for double AChE determination in the blood - the first one without and the second one
with reactivator. When the activity in the second determination is the same or lower than 0 - 10 %. then soman
intoxication is very suspect and repeated administration of reactivators will be uneffective, when reactivation is
observed in the range of 30 - 50 %, very probably, organism was poisoned with sarin. In case of 80 % and higher
reactivation, VX is probably the toxic agent. Reactivators are indicated. The test was verified by experiments in vitro
(human blood) and in vivo on dogs using sarin, soman and VX.
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23. THE LONG-TERM EFFECTS OF LOW LEVEL INHALATION EXPOSURE OF RATS TO SARIN

Jiri Kassa, Jirf Bajgar, Marie Koupilové, Josef Herink and Zuzana Krorovd
Purkyné Military Medical Academy
500 01 Hradec Kréalové, Czech Republic

INTRODUCTION

Highly toxic organophosphates (OPs), called as nerve agents, represent potential threats to both military and civilian
population, as evidenced in recent terrorist attacks in Japan (1). The irreversible binding to and subsequent
inactivation of acetylcholinesterase (AChE, EC 3.1.1.7), the enzyme that normally catalyzes the hydrolysis of the
neurotransmitter acetylcholine (ACh) at neuromuscular junctions and other cholinergic synapses. is generally
believed to be the major mechanism of OP poisoning. The accumulation of ACh in the cholinergic clefts causes the
overstimulation of peripheral as well as central cholinergic nervous system, clinically manifested as acute cholinergic
crisis (2, 3). The exposure to high, convulsive doses of nerve agents can result in severe brain pathology (4).

In addition, OPs have many other effects that have an influence on the functions of various organs and systems
of organs. They are called as non-specific or non-cholinergic effects and involve the activation of multiple non-
cholinergic neurotransmitter systems in the central nervous system, mutagenic, stressogenic immunotoxic.
hepatotoxic, membrane and hematotoxic effects (5).

Nerve agents-induced cholinergic as well as non-cholinergic effects are usually manifested immediately
following high-level or intermediate-level exposures to these chemical warfare agents (2, 3). Nevertheless. there are
numerous studies in both humans and animals showing that survivors of high-level and possibly intermediate-level
exposure acute poisoning by nerve agents can experience subtle but significant long-term neurological and
neuropsychological outcomes that are detectable months or even years following the recovery from acute poisoning
(6). On the other hand, very little is known about possible subtle neurological and other effects of low-level.
asymptomatic exposures to nerve agents. Incidents, such as terrorist attacks against Japanese civilians (1) and the
possible low-level exposure to military personnel during the 1991 Gulf War from nerve agents (7), have increased
the interest in the research dealing with the evaluation of the long-term influence of low-level exposure to OPs on
various physiological functions. The purpose of this study is to find out whether a nerve agent, such as sarin. might
cause long-term health effects following the single or repeated low-level inhalation exposure in rats.

MATERIALS AND METHODS

Animals: Male albino Wistar rats weighing 180-220 g were purchased from VUFB Konérovice (Czech Republic).
They were kept in an air-conditioned room and allowed to access to standard food and tap water ad libitum. Food as
well as water were sterilized before their use. The rats were divided into groups of ten animals. Handling of the
experimental animals was done under the supervision of the Ethics Committee of the Medical Faculty of Charles
University and the Military Medical Academy in Hradec Krdlové (Czech Republic).

Chemicals and drugs: Sarin was obtained from Zemianské Kostolany (Slovak Republic) and was 98.5% pure. All
other chemicals of analytical grade were obtained commercially and used without further purification.

Animal experiments: Rats were exposed to low concentrations of sarin for 60 minutes in the inhalation chamber.
Three concentrations of sarin were chosen:

« LEVEL 1: clinically and laboratory asymptomatic concentration (0.8 pg/L)

« LEVEL 2: clinically asymptomatic concentration with significant inhibition of erythrocyte AChE by 30%
(1.25 pg/L). This concentration was used for a single (LEVEL 2S) or repeated (three times during one week)
exposure (LEVEL 2R).

« LEVEL 3: non-convulsive symptomatic concentration (2.5 pg/L)

At three months following the exposure to sarin, the rats were killed by exsanguination in total anesthesia to
evaluate chosen parameters of sarin-induced health effects. The hematological parameters were evaluated in the
blood using an automated hematology analyzer (8). The biochemical parameters were measured in serum using
various commercial kits. The biochemical evaluation included the measurement of cholinesterase activities in
erythrocytes, plasma, diaphragm and brain by the spectrophotometric method (9).

Two methods were used to evaluate the possible sarin-induced alteration of immune functions:

« in vitro spontaneous or lipopolysaccharides (LPs)-stimulated proliferation of spleen cells (lymphocytes)
that was evaluated by measurement of the synthesis of nucleic acid with the help of incorporated [*H] thymidine
(10).

e in vitro evaluation of the production of reactive nitrogen intermediates (N-oxides) that reflects the
bactericidal efficacy of peritoneal macrophages (11).




To evaluate sarin-induced signs of neurotoxicity at three months following the inhalation exposure. other
groups of control and experimental rats were monitored using a functional observatory battery (FOB). a non-invasive
and relatively sensitive type of neurobehavioral examination including measurements of sensory. motor and
autonomic nervous functions (12, 13) and a test of excitability of central nervous system by the observation of a
convulsive activity following i.p. administration of pentamethylenetetrazol (PTZ) at a convulsive dose (30 mg/kg).
Occurrence of abnormal signs, especially the features and intensity of convulsions was evaluated according to a
specially elaborated scale (14).

Data analysis: Statistical analyses were performed on a PC with BMDP program P7D: analysis of variance
(ANOVA) and t-test with Bonfferi's corrections. The differences were considered significant when p < 0.05.

RESULTS AND DISCUSSION

Sarin—exposed rats did not show any clinical signs of intoxication and their body weight did not differ significantly
from control values at three months following the inhalation exposure. The values of their hematological parameters
in blood and biochemical parameters in serum are summarized in tables 1 - 2. We found that all measured
hematological and biochemical parameters from sarin-exposed rats did not differ from control values regardless of
the concentration of sarin used (TAB 1, 2). Similarly, no changes in the activities of cholinesterase in erythrocytes.
plasma, diaphragm and brain in comparison with control values were observed (TAB 3). Thus. not only
asymptomatic but also non-convulsive symptomatic dose of sarin is not able to cause significant laboratory changes
in homeostasis of sarin-exposed rats lasting at least three months following the inhalation exposure. It corresponds to
earlier demonstrated findings that severely poisoned patients during the terrorist attacks with sarin in Matsumoto also
suffered from changes in biochemical and hematological parameters for a relatively short time. The AChE level of
these sarin-poisoned patients returned to normal within three months (15).

The results of the evaluation of sarin-induced alteration of immune functions at three months following low-
level sarin inhalation exposure are shown in figure 1. The significant decrease (p < 0.05) in LPs-stimulated
lymphoproliferation as well as the production of N-oxides (macrophage activity) in comparison with the control
values was observed when the experimental rats were exposed to non-convulsive concentration of sarin (LEVEL 3).
The spontaneous lymphoproliferation was also decreased following the exposure to sarin at LEVEL 3 but this
decrease was not significant. On the other hand, asymptomatic concentrations of sarin were not able to cause
significant alteration of immune functions studied at three months following the exposure in comparison with the
control values (FIG 1). Thus, on contrary of hematological and biochemical parameters, sarin-induced alteration of
some immune functions can last for a relatively long time although the level of sarin exposure was not too high
(clinically symptomatic, but non-convulsive). The immunotoxic effects of OP compounds were already
demonstrated earlier, but usually followed the intoxication with high doses of OP insecticides (16).

The results of the measurement of sarin-induced signs of neurotoxicity at three months following low-level sarin
inhalation exposure of rats are summarized in table 4 and figure 2. The alteration of mobile activity and gait
characterized by ataxia and the increase in stereotyped behavior were observed in rats exposed to sarin at
asymptomatic or non-convulsive symptomatic level (p < 0.05) (TAB 4). Moreover, the significant increase in the
excitability of central nervous system characterized by the higher incidence of small and big seizures and other
convulsive performances following the administration of PTZ was monitored in rats repeatedly exposed to sarin at
LEVEL 2 (p < 0.05) (FIG 2). Thus, long-term sarin-induced neurobehavioral and neurophysiological effects were
demonstrated in rats exposed to low-level sarin without a significant inhibition of AChE activity and a clinically
manifested alteration of cholinergic nervous system. The findings correspond with earlier published data about
neurological and neurophysiological outcomes detectable months or even years following recovery from acute
poisoning (17,18). It means that probably other than cholinergic nervous system can be involved in nerve agent-
induced long-term signs of neurotoxicity. It has been reported that there are protein targets present in brain. which
are known to be very sensitive to some anticholinesterase compounds including the nerve agents. They may
represent a target for OP-induced low-level effects, either adverse or beneficial. However, the functions of these
protein targets have not been yet known (19).

In conclusion, although these findings are difficult to extrapolate directly to human Jow-level exposures to nerve
agents, they indicate that subtle neurophysiological and behavioral dysfunction and alteration of immune functions
without disturbance of cholinergic nervous system could also occur in humans months following the inhalation
exposure to non-convulsive symptomatic or even repeated inhalation exposure to asymptomatic level of sarin.

SUMMARY
Male albino Wistar rats were exposed to low concentrations of sarin for 60 minutes in the inhalation
chamber. Three concentrations of sarin were chosen:

[




« LEVEL 1: clinically and laboratory asymptomatic concentration (0.8 pg(L)

« LEVEL 2: clinically asymptomatic concentration with significant inhibition of erythrocyte
acetylcholinesterase by 30% (1.25 pg/L)

« LEVEL 3: non-convulsive symptomatic concentration (2.5 pg/L)

In addition, one group of experimental animals was exposed to clinically asymptomatic concentration of sarin
repeatedly (three times during one week). The clinical status of poisoned rats was tested 3 months following
exposure to sarin using biochemical, hematological, neurophysiological, behavioral and immunotoxicological
methods.

While biochemical and hematological parameters, including the activities of cholinesterases in erythrocytes.
plasma and various organs (brain, diaphragm), did not differ from the control values regardless of the sarin
concentration used, some signs of sarin-induced neurotoxicity and immunotoxicity in sarin-poisoned rats were
demonstrated. This was especially true when the exposure of rats to non-convulsive symptomatic concentrations ol
sarin and clinically asymptomatic concentrations of sarin was repeatedly used. In rats repeatedly poisoned at
clinically asymptomatic concentrations of sarin, the alteration of the gait characterized by ataxia, the increase in the
stereotyped behavior, the increase in the excitability of the central nervous system following the administration of the
convulsive drug pentamethylenetetrazol were observed. In rats poisoned with non-convulsive symptomatic
concentrations of sarin, the suppression of spontaneous, as well as LPs-stimulated, proliferation of spleen
lymphocytes and the bactericidal activity of peritoneal macrophages was primarily observed besides the signs of
neurotoxicity.

Our findings confirm that both non-convulsive symptomatic and clinically asymptomatic concentrations of sarin
can cause long-term signs of neurotoxicity and immunotoxicity in sarin-poisoned rats when the rats were exposed to
asymptomatic sarin concentrations repeatedly.
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FIGURES AND TABLES
Figure 1. The alteration of immune functions in sarin-poisoned rats at three months following the inhalation

exposure.

3.5

Controls Level 1 Level 2(S) Level 2(R) Level 3

Figure 2. The excitability of CNS in sarin-poisoned rats at three months following the inhalation exposure.
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Table 1. Hematological parameters in sarin—poisoned rats at three months following the inhalation exposure.

Level of sarin
exposure

Control

Level 1

Level 2(S)

Level 2(R)

Level 3

Number of
erythrocytes
(1012/L)

7.89+£0.2

8.04 £0.2

7.97+0.2

8.08+0.2

8.00+0.2

Hemoglobin
(g/L)

151.1 £4.0

151.1 £4.0

151.2+4.0

156.6 4.0

154.9+4.0

Hematocrit

0.429 + 0.105

0.423 +0.105

0.427 £ 0.105

0.429 + 0.105

0.423 +0.105

Number of
leukocytes
(109/L)

40x0.8

5.1+0.8

5.5+0.8

4.4 +0.8

42+08

Number of
lymphocytes
(%)

945+ 1.1

94.4+1.1

942+ 1.1

953+ 1.1

933=x1.1

Number of
monocytes (%)

43+038

44+08

45+0.8

3.7+038

5.1+038

Number of
granulocytes
(%)

1.14 £0.36

1.25+0.36

1.35£0.36

1.05+0.36

1.61 +£0.36

Number of
thrombocytes
(109/L)

756 £51

733 51

775 + 51

813 £ 51

770 =51




Table 2. Biochemical parameters in sarin-poisoned rats at three months following the inhalation exposure.

Level of Control Level 1 Level 2(S) Level 2(R) Level 3
sarin

exposure

Total protein | 65,0 1,8 654 +18 65922 652+24 64,8+ 1,4
(g/L)

Albumin 37,5+0,8 37,5+0,8 37,6 £0,8 37,1 +1.2 38,4 +0,6
(g/L)

Glycemia 8,60+ 1,2 8,74 £0,6 9,64 £0,5 8,98+09 9,39+09
(mmol/L)

Cholesterol 1,44 = 0,19 1,42 0,22 1,45 £ 0,15 1,71 £ 0,22 1,54 £ 0,20
(mmoV/L)

Triacylglycer | 1,60+ 0,50 1,80 £ 0,76 1,70 + 0,50 1,21 0,47 1,12+ 0,61
ol (mmol/L)

Total 1,61 £0,24 1,53+0,22 1,60 £ 0,23 1,46 = 0,21 1,42 +0,28
bilirubin

(mmol/L)

AST 1,86 + 0,25 1,64 £ 0,20 1,76 £ 0,19 1,64 £ 0,20 1,67 +0,20
(mkat/L)

ALT - (10,82+0,20 0,68 = 0,05 0,83 £0,15 0,64 = 0,08 0,79 £ 0,16
mkat/L)

GGTP 0,19 £ 0,01 0,20 = 0,01 0,19 + 0,01 0,20 = 0,01 0,19 = 0,01
(mkat/L)

ALP (ukat/L) | 2,01 +0,46 1,74 £ 0,23 1,96 + 0,29 1,98 + 0,32 1,82 + 0,24
Na+ 1453+ 2,1 1459+14 1435+ 1,4 1474 + 2.8 143,019
(mmol/L)

K+ (mmoVL) | 4,06 0,62 3,99+0,18 397 x0,15 3,88 0,34 4,13 £0,48
Cl- (mmoVl/L) | 1009+ 14 102,2+ 1,0 1004 +0,9 102,8 + 2,1 99,8 +1,0
Urinary acid | 33,9+ 13,2 259+7,6 429+174 435+12,0 453+ 18,8
(mmol/L)

Urea 8,13 +0,96 7,55 1,10 8,14 +0,99 9,19 +1,32 9,17 = 1,14
(mmol/L)

Creatinin 543 x2,5 54,5+3,6 55,9 +3,6 57,2+35 78,7+3.8
(mmol/L)

Table 3. Activities of cholinesterases in sarin-poisoned rats at three months following the inhalation exposure.

Level of sarin | Control Level 1 Level 2(S) Level 2(R) Level 3
exposure

AChE in| 10098 97.4+9,38 98,9 +9,8 103,7+9,8 103,6 £ 9.8
erythrocytes

BuChE in | 100+ 12,2 109,6 £ 12,2 110,8 12,2 95,0+ 122 93.1 %122
plasma

AChE in | 100+8,0 1129+ 8,0 105,5 + 8,0 114,080 108.4 + 8.0
diaphragm

AChE in brain 100 + 10,2 101,0+ 7,1 103,4 +7,1 100,4 + 7,1 100,8 + 7.1




Table 4. The values of sarin-induced neurotoxic markers ( X £ s) measured by FOB (1-36 scored values. 37-45 ~
values in absolute units) at three months following the inhalation exposure. Statistical significance - "p<005 " p<

0.01, ™" p<0.001.
Controls Level 1 Level 2 (S) Level 2 (R) Level 3
X +s X ED X +s X +s X +s

1 posture 2 0 2 0 3.2 0.32 2 0 2 0

2 catch difficulty 2.1 0.31 1.4 0.26 2 0.33 1.3 0.21 1.2 0.2

3 ease of handling 1.2 0.2 1.4 0.26 1 0 1.2 0.2 1.2 0.2

4 muscular tonus 1 0 I 0 1 0 1 0 | 0

5 lacrimation 1 0 I 0 1 0 1 0 1 0

6 palpebral closure 1 0 1 0 1 0 1 0 1 0

7 endo- 1 0 1 0 1 0 1 0 1 0
exophthalmus

8 piloerection 1 0 1 0 1 0 1 0 | 0

9 skin abnormalities 1 0 1 0 1 0 1 0 | 0

10 | salivation i 0 1 0 1 0 1 0 1 0

11 secretion 1 0 1 0 1 0 I 0 1 0

12 | exploratory 74 1.22 72 1.24 4 1.35 8.5 1.77 9.2 1.45
activity

13 | urination 1.7 0.87 2.7 1.64 1.2 0.99 5.3 1.68 4.7 1.18

14 [ defecation 0.2 0.2 1.4 0.56 0.5 0.4 1.3 0.53 0.8 0.335

15 clonic convulsions | 1 0 1 0 1 0 1 0 | 0

16 | tremor 1 0 1 0 1 0 1 0 | 0

17 tonic convulsions 1 0 1 0 1 0 1 0 1 0

18 gait disorder 1 0 1 0 l 0 2,00%% | 0.33 2,00%* 0.33

19 | gait score i 0 1.5 0.26 30 047 0.8 0.32 -2,00%% | 0.58

20 | mobility score 1 0 1.5 0.26 30 0.47 -2,00%* | 0.58 -2.00%* | 0.58

21 activity 1 0 1.5 0.26 30 0.47 1.2 0.44 -2,00%* | 0.58

22 tension 1 0 1 0 1 0 ! 0 I 0

23 vocalizations 2.8 0.2 3 0 3 0 2.8 0.2 2.4 0.4

24 | stereotypy 1 0 1.5 0.5 2,00% | 0.66 6,00* | 0 4,00%* 0.8

25 bizarre behavior 1 0 1 0 1 0 1 0 1 0

26 | approach response | 1 0 1.1 0.1 120 0.16 I 0 1 0

27 touch response 1.6 0.16 1.9 0.1 -1.7 0.15 1.9 0.1 1.9 0.1

28 click response 1.3 0.3 i 0 -2.1 0.37 1.1 0.1 | 0

29 tail-pinch response | 2.6 0.3 | 0 -2.2 041 1.1 0.1 1.1 0.1

30 pupil size 1 0 1 0 1 0 1 0 | 0

31 pupil response 1 0 1 0 1.2 0.2 1 0 1 0

32 | righting reflex 1 0 1 0 1 0 1 0 | 0

33 fall from vertical | I 0 I 0 I 0 ! 0 1 0
position

34 {-landing foot splay | 90.8 4.88 109.6 9.37 98.8 473 109 598 92.4 37
(cm)

35 forelimb grip | 1292 | 0.99 11.69 0.96 12.69 | 0.94 11.61 0.92 12.4 039
strength (kg)

36 | hindlimb grip | 6.28 0.46 5.98 022 6.52 0.48 6.66 0.68 5.69 0.33
strength (kg)

37 fore and hindlimb | 29.03 1.83 31.19 1.58 26.51 | 2.22 28.87 1.39 29.12 1.15
grip strength (kg)

38 | body weight (g) 3473 | 746 349.2 9.52 346.1 | 5.13 350.3 9.31 3479 8.92

39 | rectal temperature | 38.34 | 0.06 37.82 0.12 38.19 | 0.05 38.24 0.12 385 0.11
(W)

40 | damage of | 1 0 1 0 1 0 I 0 i 0
respiration

41 activity horizontal | 3552 | 49.21 3752 36.68 3368 | 30.61 3984 20.38 375.6 35.88
(No/10 min)

42 | activity vertical | 1708 | 35.58 116.4 25.73 1419 | 27.01 153 18.18 136.8 20.77
(No/10 min)




24. PLAGUE VACCINES: AN OVERVIEW
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ABSTRACT

Despite being a comparatively rare disease, endemic foci of plague are widely distributed throughout the
world. Plague has been a concern for military forces in some theatres of operations in the past and remains a
potential problem for future deployments. These concerns are further compounded by fears that plague may
be deliberately released as a biological warfare weapon.

Protection of armed forces personnel can be achieved through vaccination. There are essentially three
current plague vaccines, a heat-killed preparation, a chemical-killed vaccine and a live attenuated vaccine.
The origins of these vaccines can be found from the turn of the century following the discovery of Yersinia
pestis, the bacteria causing plague and their protective efficacy is based upon an antibody response to the
fraction 1 (F1) antigen, a key virulence determinant of Y. pestis.

There are a number of problems associated with these vaccines in terms of limited availability.
production, and side effects. Protective efficacy has never been proven in randomised, controlled clinical
studies although animal studies and epidemiological studies of vaccinated personnel in Vietnam between
1961-1971 suggest the vaccines are protective against the bubonic form of the disease. The protection
offered by the killed vaccines against pneumonic plague is questionable. The live vaccine does protect
against pneumonic plague but the vaccine is associated with severe side effects. In either case the protection
is short lived and frequent boosters are required.

Newer sub-unit vaccines based on F1 antigen and a second virulence determinant, the V antigen. and
live recombinant vaccines show promise in providing long-lasting protection against both bubonic and
pneumonic plague with fewer side effects.

INTRODUCTION

Despite being a comparatively rare disease, plague is associated with past pandemics which caused
unparalleled death and social upheaval wherever it occurred. The causative organism Yersinia pestis was
carried throughout the world by the rodent reservoir in three pandemics. The first pandemic spread
throughout the Mediterranean during the 6-8th centuries, the second occurred throughout the Eurasian land
mass during the 14th century and during the third pandemic the disease finally reached the New World at the
end of the 19th century. The fear of plague remains exemplified by the national and international response
to a plague outbreak in India in 1994. The final pandemic has resulted in broad enzootic foci throughout the
world',

Military operations in the past have encroached on these areas, for example, the Far East campaign
during the Second World War, and the Vietnam conflict during the 1960s. Current military operations.
particularly peace-keeping operations and humanitarian relief operations, not only place military personnel
within plague foci but also among populations living in conditions conducive to an outbreak of plague.
Furthermore, there is possible exposure to the rodent reservoir in some of the large training areas and there
is a fear of plague being deliberately used a biological weapon.

Plague generally is a disease of rodents and rodent-like mammals. In the urban environment both the
black rat and brown rat are the principal reservoirs. In sylvatic plague, numerous species can act as
reservoirs including squirrels, chipmunks, marmots and prairie dogs. The disease is passed between
individual animals by a flea vector, although Y. pestis is particularly adapted to carriage by certain species
of flea, the most notable being the Oriental rat flea, Xenopsylla cheopsis. The flea takes a blood meal from
an infected animal. Y. pestis causes the blood to coagulate and block the feeding parts of the flea forcing the
flea to attempt to feed more frequently. With each bite a piece of the plague-laden clot is deposited in then
wound. Humans are occasionally bitten by the fleas when there is close contact between the animal
reservoir and humans either through poor living conditions or through occupational exposure”.

Following a bite, Y. pestis spreads from the wound to the lymphatic system then to a local lymph
node causing painful swelling - the “buboe” of bubonic plague. Occasionally, the organism spreads to the
lungs via the circulatory system giving rise to a secondary pneumonic disease which can be transmitted




from person-to-person by aerosols generated by coughing and sneezing. The disease may also result from
direct contact or ingestion of contaminated animal material®.

VACCINE HISTORY »

Very quickly following the discovery of Y. pestis in 1894 by Alexandre Yersin, efforts were made in
producing a vaccine. By 1897, Haffkine had prepared a crude killed preparation which became the basis of
the current killed vaccine. At the time, however, Haffkine’s original vaccine was associated with severe side
effects (considered to be indicative of protection) with some fatalities and eventually withdrawn®.

Studies in the USA preceding the Second World War found that reactogenicity of killed vaccine was
associated with the bacterial load contained in the vaccine. By 1941 a formaldehyde-killed formulation was
available which became the Plague Vaccine, USP®. Initially, Plague Vaccine, USP was manufactured by
Cutter Incorporated until 1995 when Greer Laboratories undertook production. Essentially the Cutter/Greer
formulations were identical.

The efficacy of attenuated strains of Y. pestis as live vaccines was considered almost immediately
following the identification of Y. pestis. Yersin and others carried out animal studies but found that most
attenuated strains were capable of reverting and causing plague in their animal models. In 1908 Strong
immunised humans with strain “Maassen”, and during the 1930s, Girard and Robic used strain EV in
Madagascar, and Otten used strain Tjiwidej in Java’. A live vaccine consisting of strain EV76 was used

widely up until 1970.

CURRENT VACCINES
All of the current plague vaccines are associated with problems regarding production, availability, licensing
and side effects. Production requires specialised containment facilities making vaccine manufacture
expensive. Low demand for the vaccine undermines commercial viability which in turn determines
availability. Each of the vaccines is a crude preparation and all cause side effects varying in severity.
Pharmaceutical legislation, therefore, ultimately dictates which vaccines are available to a particular nation.
In the UK two killed preparations were available until 1999; the formaldehyde-killed Plague Vaccine, USP
produced by Greer Laboratories and a heat-killed formulation manufactured by Commonwealth Serum
Laboratories (CSL) in Australia. The Plague Vaccine, USP has now been withdrawn and is no longer
available and the CSL vaccine is available on a “named-patient” basis.

A formaldehyde-killed preparation may still be produced by the Haffkine Institute in Bombay®. although
the availability is unclear. The live vaccine strain EV76 is no longer used in the west but may still be

available in some countries.

PROTECTIVE EFFICACY

The protective efficacy of the killed plague vaccines is based on stimulating an antibody response to a key
virulence factor, the Fraction 1 (F1) antigen. Evidence from animal studies suggests that protection
correlates to the anti-F1 titre®. Protection is short-lived, necessitating frequent booster immunisations (6
monthly-annually), and there is poor protection against pneumonic plague (Figures 1 and 3).

Strain EV76 is a pigmentation-deficient variant of Y. pestis, capable of expressing a number of
virulence factors in addition to F1 antigen, which may serve as antigens, including V antigen (known to be
protective), secreted proteins and lipopolysaccharide (LPS)’. The production of these virulence factors.
absent in the killed preparations, contributes to better protection, including some protection against
pneumonic plague, although like the killed vaccines, protection is short-lived.

Despite the apparent benefits of the live vaccine, there is wide variation in the immunogenicity and
virulence between different EV76 vaccine preparations. Severe side effects in humans and the inability to
precisely define the genetic basis of the attenuation has largely precluded its use as a vaccine.

None of the vaccines have been subjected to randomised clinical trials in humans. The evidence for
protection is largely derived from animal trials (Figure 1) and limited epidemiological studies. The earlier
vaccination programmes instituted by Haffkine, Otten, Girard and Robic did reduce incidence during
outbreaks. Between 1961-1971 US service personnel serving in Vietnam were immunised with a
combination of the live and killed vaccine. Incidence in service personnel was reduced to a single case per
10° person-years exposure compared to 333 cases per 10° person-years exposure among the local
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population®. A mass immunisation programme was initiated for the population but the effectiveness of the
programme was never determined.

FUTURE VACCINES v

The current vaccines are based on formulations derived from the 1930s when plague was a far greater
problem than it is now. The lack of commercial return has largely precluded any development of the vaccine
in the civilian sector and research has generally been undertaken by military agencies. The threat of plague
remains furthermore, the appearance of antibiotic resistant plague has highlighted the need for a vaccine to
counter future outbreaks.

The current vaccines indicate that immunoprophylaxis against plague is feasible but modern
biotechnological and recombinant techniques can facilitate production, reducing costs, and provide a purer
formulation which should have less side effects. F1 antigen is clearly an important component of a vaccine’
and recombinant F1 antigen produced in Escherichia coli is capable of protecting mice to the same degree as
the native protein. V antigen has been recognised as another important protective antigen although the
protein is produced at low levels by Y. pestis and is difficult to purify. Recombinant technology has

enabled sufficient quantities of V antigen to be evaluated as a vaccine. V antigen provides a higher degree of

protection compared to F1 antigen, but when both antigens are combined, they act synergistically to
provide very high levels of protection against systemic and pneumonic plague in mice which is long lasting
(Figures 2 and 3). Recombinant technology also permits a way forward for live vaccines using defined
attenuated gram negative vectors expressing Y. pestis antigens.
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Figure 1: Comparison of efficacy of plague vaccines in a murine model. In each case immunisation
consisted of two doses of approximately 10° cells given 7 days apart by intraperitoneal injection. Mice were
challenged with Yersinia pestis strain GB by subcutaneous injection.
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Figure 2: Additive protective efficacy of F1 and V antigens formulated as a vaccine against systemic
Yersinia pestis in mice'.
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25. ASSESSING THE EFFECTS OF LOW DOSE EXPOSURE TO ANTICHOLINESTERASES

Leah Scott and Peter Pearce
Biomedical Sciences Department,
CBD Porton Down, Salisbury, SP4 0JQ.

ABSTRACT

The effects of exposure to low doses of cholinesterase inhibitors are still poorly understood. Reliance upon human
epidemiological evidence to assess the effects of such exposure is unsatisfactory because of the uncertainty associated with
exposure levels and the potential complication of a plethora of pre-disposing factors. There is, therefore. a requirement to
~ conduct focused research in relevant animal models which optimise the confidence with which animal-derived data can he
extrapolated to man. Such an approach will provide a scientifically sound context for the interpretation of epidemiological
investigations.

Burchfiel et al (1976) suggested that, in non-human primates, a sign-free dose of sarin, induced small but
statistically significant changes in aspects of the electroencephalogram (EEG) although the functional significance of
these changes was not known. Recent studies at CBD have led to the development of a sophisticated, multifaceted non-
human primate model, which revisits and extends these earlier studies.

The model has already been used to investigate the effects of a similar dose of sarin on EEG, sleep and cognitive
function in marmosets. Pearce et al, (1999) did not replicate the previously reported EEG changes and found no decrement
in cognitive performance over the 15-month study duration The model offers considerable potential for studying the
effects of a wider dose range of sarin and other compounds of interest.

The approach adopted and the results of the study will be described in detail as well as related work in progress and
opportunities for the future.

BACKGROUND

There is widespread concern in both military and agricultural communities as to whether acute or chronic exposure to low
doses of organophosphate (OP) anticholinesterase compounds, at doses which do not produce marked clinical signs. give
rise to adverse long term effects. While the acute toxicity of OP compounds is well characterised (e.g. McLeod. 1985)
long term effects relating to central functioning are poorly understood. Many studies have suggested that administration of
OPs produce effects in the central nervous system that persist for many weeks or months (e.g. Grob & Harvey. 1953:
Steenland, 1996). Typical symptoms which have been reported include tension, anxiety, difficulty in concentrating.
slowness of recall, mental confusion and sleep disturbances (e.g. Sherman, 1995). The majority of these studies.
however, have lacked precise information on the level of OP exposure, the degree of acetylcholinesterase (AChE)
inhibition and the time course of sequelae. For example, Bowers et al (1964) investigated 93 Army or Air Force
personnel exposed to OP and found changes in a variety of psychological parameters. However, no quantitative testing of
cognitive function was carried out. Follow up of victims of the sarin attack on the Tokyo underground in 1995 has
suggested long term effects on behaviour may have occurred in some people (Yokoyama et al 1998).

The rapid onset of signs and symptoms of poisoning following OP exposure can be explained in terms of
acetylcholine accumulation following cholinesterase inhibition but no mechanism has been identified for the induction of
long term effects. Experimental studies in non-human primates have suggested that administration of clinically sign frce
doses of the OP sarin (isopropyl methylphosponofluoridate) can give rise to subtle but statistically significant changes in
brain electrical activity, as gauged by electroencephalography (EEG). Burchfiel, Duffy & Sim (1976) demonstrated a
significant increase in the fast beta component (13-50 Hz) of the EEG spectrum in response to both a large acute and
repeated small doses of sarin in rhesus monkeys. In this study however, EEG was monitored only at 24 h and 12 months
following dosing and cholinesterase assessments were not reported. The functional significance of these changes is not
known.

The object of the study recently conducted at CBD (Pearce et al, 1999) was to ascertain whether administration of an
acute low dose of sarin would give rise to long-term EEG changes in common marmosets (Callithrix jacchus). In order
to assess the functional significance of any EEG changes which might be observed, the animals were trained to perform
complex behavioural test sequences. Regular monitoring of AChE activity was also incorporated into the study design
which was based upon, and represents a refinement of, earlier unpublished preliminary studies conducted in a small
number of rhesus monkeys at CBD. Marmosets were selected for the present study because of their increasingly
widespread use in neuropsychological investigations (e.g. Roberts et al, 1988; Crofts et al, 1995; Pearce et al. 1998:
Ridley et al, 1996). Their small size and species characteristics make them particularly suitable for long-term studies.




The behavioural test employed was modified from human and animal studies and is based upon one element of the
Cambridge Neuropsychological Test Automated Battery (CANTAB). It involves the presentation of a number of visual
discriminations on a touch sensitive screen and is derived from the Wisconsin Card Sort Test (Grant & Berg, 1948). A
number of rule changes are incorporated which are differentially sensitive to a range brain lesions (e.g. Roberts et al.
1992) and pharmacological interventions (Sahakian & Coull, 1993). Tests from this battery are suitable for presentation
to both humans and non-human primates and the sequence of stages was adapted from previous human (e.g. Sahakian et
al, 1990) and primate (Roberts et al, 1988) studies to facilitate long term repeated presentation. A home cage approach to
testing was employed, which has previously been shown to be practicable (Crofts et al, 1995, 1996) and conducive to
rapid training and task acquisition (Muggleton et al, 1997).

Traditionally, EEG has been monitored in primates by methods which include the use of restraint chairs (Adams &
Barrett, 1974) or backpack and umbilicals (Pearce et al, 1989). In the recent study, EEG measurement was carried out
remotely by making use of implantable radiotelemetry which enables acquisition of high quality data over long periods of
time with minimal disruption to the animal. The feasibility of this approach has previously been reported elsewhere
(Pearce et al, 1996, 1998) and offers considerable advantages over ‘traditional’ methods of EEG recording, especially in
the context of long term studies.

METHODS AND MATERIALS

Animals and diet: Seventeen common marmosets (8 male and 9 female, bred at CBD Porton Down) weighing 319-516¢
at the beginning of the study were used. All animals were pair housed either in single sex pairs or in mixed sex pairs in
which the males were vasectomised. Their daily diet, given after testing, consisted of 20g pellets (Complete primate dict
E, Special Dietary Services, Witham, Essex, UK) with supplements of orange segments. On non-testing days.
alternative supplements included banana, apple and egg. A sawdust filled tray, in which a small amount of preferred foods
(e.g. Rice Krispies, sunflower seeds) was dispersed, allowed the animals to freely engage in foraging behaviour. No form
of food deprivation was employed during the study and water was available ad-libitum.

Housing: Housing for each pair consisted of 4 stainless steel cage units measuring H72 x W47 x D60 c¢m connected
together by 2 horizontal external extensions and 1 vertical extension (HI18 x W71 x D23 cm and HI05 x W 17 x D 23
cm respectively) in order to allow full use of all 4 units. Various items of cage furniture, including hanging wooden
dowels, buckets and other playthings, were also placed in the cages. During behavioural training and testing the pairs
were separated so that each had use of a single upper unit of its home cage with a rigid extension unit (H18 x W17 x D30
cm) attached to the front. Illumination was provided by sodium lighting, at a level of 350-400 lux at | m above the
ground, and maintained on a 12 hour light/dark cycle with dusk and dawn effects over 1 hour periods. Temperature was
maintained at 25 °C with 40% humidity.

Drugs: Sarin (isopropyl methylphosphonofluoridate) was synthesised at CBD Porton Down to 95% purity and was
stored as 5.0 mg.mL" solutions in isopropanol. Solutions were diluted to appropriate concentrations with 0.9% saline to
give an injection volume of 0.5 mL. 0.9% saline was used for control injects, again in a volume of 0.5 mL.

Ovewiew of expaimentd design: The expeimentd design was centred upon successive presentation of behavioural test
sequences over months. The sequence of procedures was conducted in all subjects although the predse time cousse of the study
was dictated by the behavioural performance of individual animals, which served as their own confrols.

The first behavioural test sequence was presented after stable baselines of performance had been established. This was
followed by surgical implantation of a radiotelemetry transmitter and electrodes which enabled EEG to be recorded at
intervals throughout the study. After recovery from surgery, the second and third behavioural test sequences were
presented. Control blood samples were taken at intervals to determine baseline levels of erythrocyte cholinesterase activity
before administration of sarin or control vehicle. Subsequent to dosing, behavioural test sequences were presented as
appropriate.

Administration of either saline or 2.5 or 3.0 pg.kg” sarin by i.m. injection occurred following completion of the
third behavioural sequence. The sarin dose was adjusted to 3.0 pg.kg! following cholinesterase estimations from the first
two subjects dosed which received a dose of 2.5 pug.kg'. Data from these subjects were included in the analysis as they did
not fall outside the range of inhibitions seen for subjects receiving the higher dose. Subsequent to dosing, further
behavioural test sequences were presented.

EEG telemetry:The apparatus and surgical procedures used have been fully described elsewhere (Pearce et al. 1998).
EEG was collected at least weekly during periods when subjects were undergoing behavioural testing (see below).
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BEHAVIOURAL TRAINING AND TESTING

The equipment, training and behavioural test sequences have been described in detail elsewhere (Pearce et al. 1998,
Muggleton et al, 1997). After preliminary training, animals were presented with simple discriminations involving pairs
of stimuli which consisted of either blue filled ‘shapes’ or white ‘lines’ followed by successive presentations of more
complex discriminations and reversals. Testing sessions occurred daily Monday-Friday and the maximum session
duration was 30 minutes with a maximum of 60 trials per session. At the end of the training phase, subjects werc
assigned as either ‘shape’ or ‘line’ responders. Subsequent test sequences each consisted of a nine stage series of
disariminations based on that used by Robaerts et al (1988). A criterion of eight successive correct responses determined
progression between stages.

Each sequence began with a simple disaimination stage (SD) followed by a simple reversal (SR). Shapes and lines were
then combined to form the first compound disaimination (CD) and animals were rewaded for attending to the dimansion.
shape or line, to which they hadinitially been assigned. Following presentation of a reversal of this compound disarimination
(CR) a pair of nove compound stimuli were presented and animals were rewarded for attending to the same dimension as
previously (IDS, intra dimensional shift). Following a reversal (IDR) another pair of novel compound stimuli were presented.
At this stage the animals were rewarded for attending to the previously unrewarded dimension (EDS, extm dimensional shifi).
The sequence finished with a reversal (EDR). This sequence was repeated for the duration of the study using novel stimuli.

Animals underwent one test sequence before the EEG implantation procedure, followed by another two sequences hetore
administration of sarin or saline. No behavioural testing was conduicted for one month after surgery or for one week periods
between test sequences therafter. Eight subjects received saline injections and nine received sarin.  Groups were balanced
on the basis of training performance as well as for other factors, such as gender, as far as possible.

Acetylcholinesterase Determination: Acetylcholinesterase activity in whole blood and plasma was determined by the
method of Ellman et al (1961). Three control samples were obtained, one sample taken 3 hours following administration
of sarin or saline and subsequent samples taken at approximately monthly intervals.

DATA HANDLING AND ANALYSIS

EEG:The approaches to EEG sampling and analysis have been reported elsewhere (Pearce et al 1998). EEG results were
calculated as amplitude (uV) per Hz in the frequency bands delta (1-3.5 Hz), theta (3.5-7.5 Hz), alpha (7.5-13 Hz). beta |
(13-22 Hz), beta 2 (22-40 Hz), beta (13-40 Hz) and total amplitude. Median frequency was also calculated. In order to
make between animal comparisons as well as within animal comparisons, all data were normalised such that post dosc
data were calculated as a change from a mean of at least 10 recordings made pre-dose. Mixed model analyses of variance.
including time as a linear covariate, were used to analyse the above 8 outcomes separately and a log,, transformation of
the data was used to satisfy assumptions of normality (the Watson statistic) and equal variances (Bartletts test).
Behaviour:Mixed model analyses of variance with five fixed factors were used to compare the effects of Stimulus type
(shape or line), Stage (SD,CD,IDS,EDS), Reversal, Period and Dose on the number of errors made in achieving criterion
at each stage. Period was defined as period 1 (averages of sequences 4-6), period 2 (sequences 7-9) and period 3 (sequences
10-12), each expressed relative to the average of baseline sequences 1-3. The presence of any interaction between any of
these effects was considered. Normality assumptions were checked using the Watson statistic and Bartlett’s test was used
to check for equal variances. As the residuals from the analysis of total number of errors data violated the above
assumptions, a log, (No. of errors + 1) transformation was used. Post-hoc analyses of significant effects was carried out
using appropriate contrasts which involved investigating ratio of ratios.

RESULTS
EEG:Details of statistical interactions are given in Table 1. Figure 1 displays the mean amplitude per Hz for frequency
bands theta, alpha, beta 1 and beta 2, expressed as a percentage change from pre-exposure values.

No significant changes between sarin and control groups as a pattern over time (dose X time interaction) in either
theta (p=0.65) or alpha (p=0.22) frequency bands were noted, although there was a divergence between control and treated
animals after 12 months recording in the latter.

In the beta 1 frequency band, there was no change in treated animals despite a non significant fall in amplitude in
control animals (dose X time, p=0.22).

In the beta 2 frequency band, there was an increase in amplitude in treated animals when compared with both baseline
values and control animals. Over time, the effect of sarin approached statistical significance (p=0.07). The estimated
difference in slopes between control and sarin subjects was found to be 0.005 (confidence interval -0.8%. 1.8%).
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representing an extra increase in beta 2 of 0.5% per month in sarin subjects. However, within the group of treated
animals, amplitude increased by over 40% in one animal. If this animal was excluded from the results analysis. the dose
x time interaction was found to be p=0.13 and the difference in slope of 0.08% per month (confidence interval —1.2%.
1.4%).

Neither delta, total amplitude nor median frequency parameters showed any differences approaching statistical
significance. No significant differences between subjects assigned to respond to shapes and those assigned to lines
(stimulus type) arose due to sarin administration. .

Behaviour: The long-term performance profile obtained was comparable for the control and dose groups. Figure 2
illustrates the changes in the number of errors made in reaching criterion at each stage of each sequence corrected 1o a
mean of the three sequences performed pre sarin or saline administration. Results of the behaviour analysis of sarin eftects
are shown in Table 2.

Three significant three way interactions were found for typexdosexstage (p = 0.015), typexreversalxstage (p < 0.001)
and typexstagexperiod (p < 0.001). The three way interaction involving dose was investigated further, results of which
are shown in Table 3, as this analysis would encompass factors seen in the two way interactions. The four-way
interaction was not analysed further as the important aspects were considered in evaluation of the three way interactions.

On one component of the test, the first compound discrimination (CD), the sarin treated groups of animals performed
significantly better than control animals for shapes, but for lines they were similar (p<0.001) (see Table 4). In addition.
superior performance of the sarin treated group was seen at the simple discrimination stage (SD).

Acerylcholinesterase activity: Three hours following sarin administration mean erythrocyte cholinesterase inhibition
was 51.3% (range 36.4 - 67.1%) and this returned to baseline levels 4-45 weeks later. When average cholinesterase
activity three months after dosing was compared with average pre-dosing controls no significant difference was scen
(p=0.50) so, on average, levels had returned to baseline by three months. No changes over time were seen in control
subjects.

DISCUSSION :

A single low dose of the organophosphorous compound sarin, leading to acetylcholinesterase inhibition of 51%. produced
no significant changes in either EEG, as measured by radiotelemetry, and no decrement in cognitive behaviour. as
measured by an attentional set-shifting task, in the common marmoset. .

This lack of effect on EEG is inconsistent with previous studies (e.g. Burchfiel et al 1976) and unpublished work at
CBD which showed small changes in the beta 2 frequency band in a limited number of rhesus monkeys 7-9 months
following a comparable dose of sarin (2.5ug.kg™). There are significant methodological differences between these earlier
rhesus monkey studies and the present marmoset study. In the present study, no anaesthesia or restraint was used
immediately prior to EEG monitoring. Using this alternative approach, a noteworthy consistency in EEG within
subjects was seen over time, possibly because of improved consistency of data capture conditions as EEG was recorded
whilst the animals were responding to the behavioural test. Additionally, no loss of signal quality occurred over time.
This illustrates the acceptability of this method of EEG collection and its ability to provide a good baseline for
comparison with data obtained following pharmacological intervention. Administration of sarin did not result in a
significant effect on any of the EEG measures recorded here. However there was a trend towards significance in the beta 2
band (p=0.07) which is worthy of note because it is in the same frequency range and direction that changes were seen in
previous studies. The statistical analysis revealed that this trend was due to one outlying subject showing a larger
progressive increase in beta 2 activity over the course of the study, which could be indicative of a threshold for eftect
which was reached in this subject alone. Additionally, visual inspection of the data initially indicated a downward trend in
the beta 1 band for the control group, which was not seen in the exposed subjects. Again a single outlying subject
accounted for this trend. There was no evidence of a behavioural change in these individuals. It does, however. raise the
possibility of the existence of a species specific threshold for effect. This could be addressed in future studies involving a
larger dose range.

The marmosets were successfully trained to perform an attentional set-shifting paradigm in their home cages.
Analysis of behavioural performance over the 12-15 month period following sarin administration revealed no eftects on
any aspect of the multistage sequence. The behavioural sequence employed throughout the study was used because it
contained elements which would be expected, on the basis of previous work, to be sensitive to detrimental effects caused
by cholinesterase inhibitors. For example, Roberts et al (1992) showed a decrement in discrimination reversal
performance following cholinergic lesions. Other elements in the test have been shown to be sensitive to other




manipulations e.g. dopaminergic lesions affect intradimensional versus extradimensional shift performance with
comparison of these two stages, giving a measure of set-shifting performance (Roberts et al 1994).

Results from the paradigm presented do not indicate any detrimental effects associated with the administration of sarin
at any point post administration. The significant dose interaction was seen to reflect an improvement in the CD stage in
‘shape’ subjects at a single time point. The significance of this improvement is unclear. Most of the other interactions
seen in the analysis of behavioural performance revealed by the ANOVA were predicted at the start of the study. Reversal
elements were consistently found to be more difficult than the preceding discriminations. On the set-shifting element of
the sequence, ‘shape’ subjects found the intradimensional shift easier than the extradimensional shift. a result consistent
with findings reported elsewhere (e.g. Roberts et al 1988). This pattern of performance is consistent with the predictions
of two stage theories of attention and may be taken as being indicative of learning set formation. It has been suggested
that the ID and ED elements of this type of behavioural test are of equal complexity but require different abilities (Roberts
& Sahakian 1993). This contrasts with the performance of subjects assigned to the line group which found the ED shift
easier than the ID shift. This effect has been reported previously (Crofts et al 1996) and may represent interaction
between the saliency of the dimensions, the test sequence employed and the learning criterion. Thus, for this paradigm.
in future studies it will be necessary to treat the groups assigned to the line and shape dimensions separately. Over the
course of the experiment there was a trend towards improved performance of the behavioural sequence in all groups.
Overall, there was no deleterious effect of sarin on either the shape or the line group, on any element of the test sequence
or on the rate of improvement in performance over the year.

This study offers further validation of the approaches and techniques employed. Home cage behavioural testing of
marmosets on tests from CANTAB has previously been shown to be viable (Crofts et al 1995, 1996, Pearce et al [993)
and collection of behavioural data over a period of more than 24 months illustrates that this method is suitable for the
sort of long term study reported here. Additionally, the collection of EEG by telemetry has illustrated that
electrophysiological data can also be collected over a long period without adverse effects due to the presence of the
transmitter. Use of the telemetry techniques also enables common marmosets to be used in studies where
eletrophysiological measures are desirable. The use of a small implantable transmitter means that this is a much more
attractive option than those previously available and may mean that it could be possible to employ this small, new world
primate in studies where previously larger species, for example, the old world rhesus macaque, may have been used.
Furthermore, the opportunity for remote electrophysiological monitoring in the recent study has also enabled the
characterisation of sleep patterns. These data which are currently undergoing analysis, may further elucidate the sequelae of
exposure to low doses of OP compounds.

The results of this study illustrate no significant effects on EEG and no deleterious effects on cognitive performance
following a dose of sarin that inhibited erythrocyte cholinesterase by 51%. The degree to which peripheral measures of
cholinesterase activity reflect central enzyme activity is not clear but in vivo central cholinesterase measurement
techniques are limited. Suggestions of a ‘threshold for effect’ mean further studies are required to investigate the dose-
response for sarin and other OP compounds.
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Figure 1. Changes in EEG frequency bands from baseline over time t
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Figure 2: Changes in percent mean errors made in reaching criterion on each behavioural sequence presented
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Table 1: Results from EEG ANOVA

Effect

Stimulus
type

Time

Dose
Type X
Time
Type X
Dose
Dose X
Time
Type X
Dose %
Time

Median

0.21

0.17

0.21

0.44

0.58

0.25

0.37

Delta
0.11
0.32
0.29
0.75
0'7'5
0.21

0.75

Theta

0.32

0.44

0.75

1.00

0.75

065

0.75

Alpha
0.58
0.40
0.34
0.65
1.00
0.22

0.37

p values

Beta l

0.53

0.75

0.11

0.58

0.44

0.22

0.25

Beta 2

0.53

0.65

0.06

0.32

0.58

0.07

0.50

Beta

0.53

1.00

0.07

0.50

0.65

0.16

0.27

Total Amp
0.18
0.53
0.29
0.75
1.00
0.37

0.58




Table 2: Results of ANOVA analysis of behaviour

Effect p value
type 0.65
dose 0.75
rev 0.44
stage <0.001
period <0.001
type*dose 0.29
type*rev 0.13
dose*rev 0.65
type*stage <0.001
dose*stage 0.08
rev¥stage 0.044
type*period 0.037
dose*period 0.067
rev¥period 0.047
stage*period <0.001
type*dose*rev 0.65
type*dose*stage 0.015
type*rev*stage <0.001
dose*rev*stage 0.87
type*dose*period 0.65
type*rev*period 0.64
dose*rev*period 0.99
type*stage*period <0.001
dose*stage*period 0.66
rev¥stage*period 0.22
type*dose*rev*stage 0.61
type*dose*rev*period 0.86
type*dose*stage*period 0.05
type*rev*stage*period 0.46
dose*rev*stage*period 0.99
type*dose*rev*stage*period 0.72

Table 3: Post-hoc analysis of dose effects by stage (ratio of stimulus type (shape : line) for sarin treated animals relative
to control animals)

Stage ratio  95% Confidence Intervals p

SD . 0.69 0.46, 1.04 0.07
CDh 0.47 0.31, 0.69 0.001
D 0.74 0.49, 1.10 0.14
ED 1.21 0.81, 1.81 0.36

Table 4: Comparison of the mean errors on CD1 made by control and sarin dosed ‘shape’ subjects (untransformed data)

Baseline Post dose

Control mean 6.083 26.75
SEM 1.46 4.51

Dose mean 16.133 23.211
SEM 9.14 2.87
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ABSTRACT

Injecting rodents with soman (GD), a potent organophosphate nerve agent, quickly induces seizures evolving into
status epilepticus and death at lethal dosage. Central neuropathology is especially prominent in some structures such
as in the limbic and thalamic areas. Glutamatergic neurotransmission is a key player in the onset of the neurological
insult. Oxygen free radicals are most probably involved although evidence for their production and/or toxic role
during soman intoxication is still scarce. 21-aminosteroid (lazaroids) are potent inhibitors of iron-catalyzed lipid
peroxidation in neural tissue and have been developed for the acute treatment of central nervous system injury and
ischemia. We focused on two typical representatives of this family, U-74389G and U-83836E, and tested their
neuroprotective properties in mice pretreated with HI-6 (50 mg/kg, i.p.) and challenged with a convulsant dose of
soman (172 pg/kg). In these preliminary studies, pretreatment or treatment with these molecules could not prevent
seizures. Pretreatment or treatment with U-74389G (S and 10 mg/kg) or U-83836E (14 mg/kg) led to inconsistent

-neuroprotection in hippocampus following soman intoxication. Similarly U-74389G could not prevent or reverse the

increase of [PHJPK 11195 binding, a ligand of peripheral benzodiazepine receptor, used as a neuropathological index.
U-83836E by itself increased the binding of this ligand leading to a difficulty in assessing its potential benefit.
Conversely, U-74389G (5 and 10 mg/kg) tended to reduce malondialdehyde levels in cortices of intoxicated animals
suggesting a dissociation between neuroprotection and antioxidant properties. Further studies are in progress.

INTRODUCTION

The highly toxic organophosphorous nerve agent soman (pinacolyl methylphosphonofluoridate) is a potent
irreversible inhibitor of the enzyme acetylcholinesterase (AChE). Following experimental exposure, rodents suffer
limbic seizures of quick onset, rapidly generalized and evolving into status epilepticus. The build-up of acetylcholine
concentrations at central synapses due to the inhibition of AChE is essential to seizure onset [9.16]. A secondary
increase of other neurotransmitters, espécially excitatory amino acids such as L-glutamate (Glu), is a key process in
neuropathology development. Glu is well known to be involved in several central nervous system pathologies
[5,20]. Histopathological examination of rodent brains, hours after injection of soman, revealed severe neuronal
damage in different regions of the brain, especially the hippocampus, piriform cortex. neocortex and thalamus [c.g.
13,15]. Even though the role of Glu appeared prominent, as evidenced by the neuroprotection afforded by ionotropic
glutamate receptors [10-12], little is known about the precise biochemical mechanisms that lead to neuronal death. It
is believed that Glu mediates neuronal injury via several mechanisms and that reactive oxygen species (ROS)
production is involved in the neurotoxicity [3,8]. Evidence of oxidative stress during soman intoxication is scarce
[7,14]. However, a recent study pointed out an increased level of lipidoperoxidation products in rat brain as early as
30 min. after the injection of a convulsing dose in areas where lesions are described (e.g. hippocampus and thalamus)
[7]. This working hypothesis led us to investigate the potential benefits of the administration of two antioxidants
from the 21-aminosteroid family, U-74389G and U-83836E. This family of non-glucocorticoid compounds has been
developed as cytoprotective lipid peroxidation inhibitor for the treatment of traumatic and ischemic central nervous
system injuries [6]. Some of them have also been tested in seizure experimental models [1,2]. The compound’s
ability to inhibit lipid peroxidation resides in the combination of a chemical antioxidant action and a decrease in the
fluidity of membrane phospholipids [6].

In the present study, our preliminary results suggest that neither U-74389G nor U-83836E appear to
significantly prevent hippocampal neuronal damage (cresyl violet staining) or glial reaction (@3 binding studies)
induced by the injection of a convulsant dose of soman. Conversely, U-74389G tended to decrease lipidoperoxidation
in cortex.

METHODS




Chemicals

Soman (97,9 % pure, CPG) was obtained from the Centre d’Etudes du Bouchet (France). [*HIPK11195 (specific
activity = 86 Ci/mmol) was obtained from NEN™ Life Science, Inc. (France). The 21-aminosteroids U-74389G and
U-83836E were obtained from Biomol Research Laboratories (TEBU, France). U-74389G was first dissolved in CS-4
sterile vehicle and then loaded into a pre-formed emulsion (i.e., Lipoven ®) and the pH adjusted to ca. 7 with 100
mM pH 7 phosphate buffer. U-83836E was dissolved at the required concentration in normal saline. MDA was
prepared by the acid hydrolysis of 1,1,3,3-tetraethoxypropane (ICN Biomedicals, Inc., France) at 95°C for 10 min.
Animals

Adult male mice, weighing 25-30 g were obtained from Elevage Janvier France. Animals were maintained on a
12h/12h light-dark cycle and given food and water ad libitum. The experimental protocol and procedures used meet
the French and European community guidelines and have been approved by the Animal Care Committee (CRSSA).
Intoxication and determination of the LD, of soman in the model with HI-6 pretreatment

The oxime HI-6 (50 mg/kg, i.p.) was given to the animals 5 min. prior to soman challenge with a convulsing
dose (172 pg/kg, s.c.). LDy, was determined by the moving-average interpolation method applied to the number of
dead mice 24 hr after soman challenge [19,21]. ’
Determination of the neuroprotective activity of U-74389G and U-83836E

Neuroprotection afforded by the drugs was assessed by different means:

» Measurement of ®3 site densities in hippocampus of soman-treated mice ([10] with modifications)

48 h after soman treatment, mice were decapitated and the hippocampi dissected, frozen and stored at -80°C until

assay. Hippocampi were weighed, Polytron homogenized in 20 % (w/v) of a 120 mM NaCl, 50 mM Tris-HCI

(pH 7.4) buffer. Aliquots of 25 pL. were used for protein determination using the method of Lowry et al.

Aliquots of 100 pL of homogenate (ca. 500 pg of protein) were incubated with 2 nM ["HJPK11195 in 1 mL

(final volume) of Tris-saline buffer for 30 min. at +25°C. The incubate was decanted by vacuum filtration

through GFB filters; the filters were rinsed 3 times with 3.5 mL of cold Tris-saline buffer and the bound

radioactivity was determined by liquid scintillation spectrometry. Non-specific binding was determined using 1

UM PK11195. Binding was measured in duplicate.

» Histological analysis by cresyl violet staining

48 hours after soman intoxication, mice were decapitated and their brain rapidly removed. They were

immediately frozen in dry ice cooled isopentane. Serial coronal brain tissue sections (10 um) were obtained with

a cryostat. A classic cresyl violet staining procedure was then applied. Presence or absence of hippocampal

lesions was used as a marker for neuroprotection.
Measurement of the antioxidant effect of U-74389G

The animals were killed by decapitation 48 h after the injection of soman and the brain rapidly dissected on ice.
For this preliminary study, it was divided into two parts, cortex and the remaining portion. They were weighed and
homogenized using a Teflon pestle in ice-cold 0,2 M phosphate buffer pH 7.4 (10% w/v). Aliquots of 500 pL of
homogenates were diluted 1:2 with distilled water and 50 pL of a 2% Butylated hydroxytoluene solution in ethanol
were added to prevent further oxidation. The homogenates were frozen and kept at -80°C. The day of the experiment.
they were thawed and an aliquot was treated with 50% trichloracetic acid, centrifuged at 2000 g for 10 min. at +4°C.
Malondialdehyde (MDA) and other end products derived from peroxidation of polyunsaturated fatty acids and related
esters were assayed as thiobarbituric acid reactive substances (TBARS). Briefly, an aliquot of the supernatant was
collected and mixed with 0.67% thiobarbituric acid (TBA) and incubated for 10 min. at +95°C. TBARS were
measured by spectrofluorimetry (Aexc 532 nm, Aem 553 nm).
Data analysis and statistics

Data of MDA (TBARS) content and [*HJPK 11195 binding values are expressed as mean + SEM. All statistical
analyses (for groups with at least n=5) were performed using nonparametric tests (Kruskal-Wallis test followed by
post-hoc Mann-Whitney test using the corrective Bonferroni’s procedure).

RESULTS AND DISCUSSION

Pretreatment with HI-6 increases the survivability of the animals and allows higher soman challenges. In this model.
LDy, was 278 pg/kg (95% confidence limits: 248-311 pg/kg), higher than LDy, without HI-6 (ca. 110 pg/kg). This
model is derived from the rat model previously described by Shih [17]. All animals injected with soman (172 pg/ke.
s.c.) developed classic signs of nerve agent intoxication including spontaneous tremor, limbic seizures and
hypersecretion. The first visually observed limbic-type movements appeared on average 4.2 + 0.5 min. (mean *

SEM, n=18) after soman injection. Most survived at least 48 hr. At 24 and 48 hr, histological examination of

2




mouse brains often revealed obvious damage to hippocampus, especially in CAl and CA3 subsectors (Figure I).
Cresyl violet staining does not easily reveal lesions in other parts of the brain (e.g. thalamic area).

Neither U-74389G nor U-83836E, injected as pretreatment 30 min. prior to soman challenge or as treatment 15
min. post-challenge, interfered with seizure onset and status epilepticus. This is not surprising given the
neurochemical basis of soman-induced seizures and consistent with previous studies using other convulsant agents
[1,2]. Pretreatment with U-74389G (5 and 10 mg/kg) or U-83836E (14 mg/kg) led to inconsistent neuroprotection in
hippocampus following soman intoxication (Figure 2). Owing to the variability of hippocampal lesions in soman-
intoxicated mice compared to other damaged brain structures, it is therefore difficult to clearly conclude. Other
histological analyses are currently being conducted. Increase of the binding of [*H]PK11195, a ligand of the
peripheral benzodiazepine receptors [4], is considered to be a suitable marker of soman-induced brain lesions [10]. U-
74389G could not prevent or reverse the increase of [PHJPK11195 binding. In the case of U-83836E we found that
the drug itself could increase [*HJPK11195 binding thus rendering a more complex analysis of the results. The
results obtained with both lazaroids are thus consistent with the histological findings and suggest a limited
effectiveness (Figure 3). Antioxidant properties of U-74389G were evaluated in cortex and our first results are in
favor of a reduction of TBARS following administration of this lazaroid (Figure 4). This suggests a dissociation
between neuroprotection and antioxidant properties of the molecule. Such a dissociation has been reported for U-

83836E in vitro [18].

CONCLUSIONS '

Neither U-74389G nor U-83836E appears to significantly prevent hippocampal neuronal damage or glial reaction
induced by the injection of a convulsant dose of soman despite a tendency to decrease lipidoperoxidation ( studied with
U-74389G). Studies are in progress to confirm these findings especially the relative dissociation between the
antioxidant and neuroprotective properties of U-74389G.
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FIGURES AND TABLES

Figure 1 - Light microscopy pictures showing soman-induced hippocampal neuronal loss or modifications. Brain
tissue coronal sections (10 um) from a control mouse (A) and those injected with soman (172 ug/kg) after 24 hr (B)
and 48 hr (C). The loss of neurons in the pyramidal cell layer of the CA1 hippocampal area is obvious. Cresyl violet
acetate staining. Scale bar = 400 pm.




Figure 2 - Light microscopy pictures showing soman-induced CA1 pyramidal cell loss or modifications 48 hr after
the challenge and the lack of clear improvement by 21-aminosteroid pretreatment. Brain tissue coronal sections (10}
um) from a control mouse (B), and those injected with soman (172 pg/kg) alone (A) or receiving additionally. 30
min. previously, an intraperitoneal injection of U-74389G (10 mg/kg) (C) or U-83836E (14 mg/kg) (D). Note the
loss of neurons in the pyramidal cell layer of the CAl hippocampal area (between arrows). Cresyl violet acetate

staining. Scale bar = 100 pm.




Figure 3 - [’H]PK11195 specific binding on mouse hippocampal homogenates 48 hr after the indicated treatment.
Control groups U-74389G and U-83836E only received the drug (10 mg/kg). Pretreatment and treatment are injected
30 min. prior to and 15 min. after the soman challenge (172 pg/kg) respectively. Data are presented as mean + SEM
of n separate determinations. For each of the molecules, experimental groups are compared using the Kruskal-Wallis
nonparametric test followed by post-hoc pairwise comparisons with the Mann-Whitney test corrected by the
Bonferroni's procedure (k=10). Comparison to control (saline) ** p < 0,001 (& 1%), *** p<0,0001 (o 1%).
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Figure 4 - Effect of U-74389G on TBARS (MDA) level in mouse neocortex 48 hr after a soman challenge (172

pg/kg). Results are presented as mean SEM of n separate determinations.
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During the past 10 years, various OP hydrolases have been explored as potential antidotes against OP poisoning. Hence.
it has recently been demonstrated that the administration of the bacterial phosphotriesterase (PTE) to mice could
improve the classical treatment of sarin poisoning. Furthermore, it is well established that the presence of endogenous
scavengers in plasma plays an important role in determining the susceptibility to OPs. We currently study human
paraoxonase (PON1, E.C. 3.1.8.1), a naturally-occurring serum catalytic scavenger. Human PONI is a HDL-associated
enzyme which exhibits a calcium-dependent organophosphatase activity toward various substrates, including the nerve
agents sarin, soman and VX. Our main objective is to modify human PONI to increase its catalytic efficiency by a 100-
fold factor toward sarin, soman and VX. Rational design of PON1 mutants with an improved catalytic efficiency toward
OPs first requires to identify the PON1 active site components and to solve its 3D structure. Recombinant human PONI
wild-type and mutants can be expressed in CHO cells. Another important issue is to produce human PONI as a soluble

and active enzyme in Escherichia coli.

Keywords: paraoxonase, organophosphate, scavenger, engineering
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ABSTRACT
Uncontrolled waste sites, including waste storage and treatment facilities, former industrial and agricultural

properties and military facilities may produce health or environmental effects when chemicals released from these
site disperse into air, into water, and on and under the ground. The potential impact of disasters is most marked in
developing countries. Developing countries are not able to take appropriate measures for preventing accidents.
treating victims, and aiding environmental recovery. This problem is much more difficult in developing countrics
due to lack of technical and financial resources. Many officials responsible for the management of chemicals lack
knowledge of the hazard of chemicals and how to diagnose and treat unusual chemical poisoning. In addition. which
is so important, analytical facilities to detect and identify chemicals causing poisoning are not available. This limits
the ability to choose appropriate antidotes. The present paper extends the review of current information on
environmental threats to human health from old military facilities and abandoned chemical waste sites in Georgia
and estimates the position to organize work to decontaminate toxic chemical waste and to prevent its negative
impact on the environment and human health.

INTRODUCTION

It is well known that uncontrolled waste sites, including waste storage and treatment facilities. former industrial and
agricultural properties and military facilities can contribute to health and environmental problems. Particularly. these
sites are a concern to developing countries with economics in transition. We conducted this survey at the time when
Georgia is undergoing serious domestic economic and social transformation. The rapid negative changes of recent
years created many problems in developing the national infrastructure for managing chemicals. It might be said that
almost all systems to control chemicals there have been destroyed and disorganized.

People living within one kilometer of hazardous waste disposal sites are at risk of exposure to chemical
toxicants released from these sites into the air, groundwater, surface water, and surrounding communities. Children
are uniquely vulnerable to these toxicants. The substances most commonly released into environmental media from
uncontrolled hazardous waste sites are heavy metals and organic solvents: lead (59% of sites). trichlorethylene
(53%), chromium (47%), benzene (46%) and arsenic (45%) (1,2).

There is a growing awareness that inadequately controlled chemicals can affect central nervous, reproductive.
gastrointestinal systems and cause hematological, mutagenic and carcinogenic effects. They can also influence the
activity of the immune system by either augmenting or suppressing its function (3).

The purpose of this survey was to evaluate the health risk of exposure to hazardous waste disposal sites and
estimate positions needed to organize work to decontaminate toxic chemical wastes and to prévent their negative
affects on environment and human health.

METHODS

Data from different organizations and interested parties regarding uncontrolled waste sites were analyzed with
respect as to how toxic chemicals released from these sites may impact on human health. A retrospective review was
conducted on poison exposure patients from 12/1/1999 - 15/1/2000. Data regarding the place of poisoning. outcome
of cases, and site of treatment were collected.

RESULTS AND DISCUSSIONS

The results of this study indicate that the majority of uncontrolled waste sites in Georgia are waste storage and
treatment facilities or former industrial and agricultural properties. Many of these properties have been abandoned.
Before disintegration of the SU there were situated various military bases of the former Soviet Union (SU) which
were strongly guarded and secret. At present, many of the USSR Armed Forces have abandoned Georgia. Almost all
their previous bases were ruined and left uncontrolled.

At present, about 26 tons of “Rocket fuel”(mixture of TG-2, technical xcilidin and triethylamine) and 480 tons
of “Mélange” (AK-20K, nitric acid 73%, nitrogen oxides) are left at the former military airport in Meria. 170 tons of
“Mélange” is also left in the village of Tshaladidi (near Poti) and 60 tons in Soganlugi (near Tbilisi). 18 tons of old
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chloropicrin has been left in pesticide storehouses in Gardabani. There are also many pesticides and fertilizers in
storehouses and abandoned pesticide formulating facilities that need to be inventoried.

From a toxicological point of view, the old uncontrolled military “heritage”, such as liquid fuel of old rockets
(cyclonite and triethylamine), large amounts of chloropicrin and other unknown chemicals are hazardous to a
peaceful population. Many of these same chemicals can be used in industrial processes and, in some cases. pesticide
manufacturing. There is evidence suggesting that peasants in Kakheti applied unknown chemicals (from military
waste) in their vineyard. As a result, the vineyards were fully brined and people and cattle were poisoned.

In over one year of conducting this survey, 127 poison exposure cases were registered. Acute poisonings
occurred in 105 (82.7%) of these cases, while 22 (17.3%) were chronic poisoning. It should be taken into account
that these data are not complete, because many cases of poisoning are not registered. Because the existing analytical
equipment in the analytical laboratories is limited, biological monitoring to identify the chemicals in many of the
poisonings was not available. The analytical methods used are in accordance with former USSR manuals.

At present most pesticide and fertilizer storehouses are in very bad condition. And they do not answer to
environmental and sanitary demands. Transportation, usage, distribution and storage of chemicals are not regulated.
Hazardous chemicals are on sale everywhere - in the market, on the roads, in boxes with food products. often
without labeling. It is impossible to control chemical residues in food. Georgia does not have a special waste
disposal system. Due to lack of financial resources, it is difficult to take appropriate measures for utilization.
segregation, recovering and recycling of waste. In most cases, there is a complete absence of routine monitoring due
to old analytical laboratory equipment, absence of reagents, and standards for environmental and biological
monitoring.

In accordance with the National Fire Protection Association (4), hazardous materials are defined as “any
substance that causes or may cause adverse effects on the health or safety of employees, the general public. or the
environment and/or any biological agent and other diseases -causing agent and /or waste or combination of wastes™.
In this regard, toxic waste sites can contribute to health and environmental problems. And if the appropriate
measures are not taken in time, inhabitants of our society may be became victims because of inadvertent releases of
hazardous substances.

CONCLUSIONS

Huge social, political, environmental and health problems still confront Georgia. There are no resources to provide
decontamination of toxic chemicals left without any control at the old military bases and industrial and agricultural
facilities.

The situation at the laboratories also reflects the political and economic situation. Due to lack of funding. all of those
laboratories are destroyed. Otherwise, the absence of reagents, glassware and the presence of old and unserviceable
equipment meant that no monitoring had taken place since 1990. Often there is no electricity (especially in wintertime)
and the water supply is cut off at intervals. Air conditioning is not available in laboratories. The ventilation system in
most laboratories does not work and is in need of repair. There is a need to improve the general laboratory facilities of
the laboratories. It is recommended to provide laboratories with a basic package of laboratory equipment and
consumables.

These problems cannot be solved without international assistance and implementing effective local. national
and regional preventive initiatives of the government institutions and other entities. The results of this study will
also need to be confirmed with larger study groups.

In order to protect human health against the harmful effects of hazardous uncontrolled chemical waste the following
actions are recommended:

identify existing number of contaminated sites;

provide risk assessment of toxic waste sites;

clean up and redemption of hazardous waste sites across Georgia;

improve environmental and biological monitoring;

improve the national legal instruments related to chemical management;

improve the general laboratory facilities with major analytical and computing equipment; provide training
to professionals;

study the adverse effects on human health of exposure to environmental toxicants associated with hazardous
waste sites;

elaborate actions for fundraising and to stimulate domestic and outside financing.
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ABSTRACT

This paper is concerned with the tragic events of a toxicological disaster in Georgia in 1989, known as "9 April
Tragedy", where militaries used unknown gases against peaceful demonstrators. Approximately 4000 people were
poisoned, 16 died, 707 poisoned people were admitted to hospitals. The toxic agent that caused the poisoning was not
identified in time to assist in treating the patients. Specific treatment of victims was delayed and no antidotes were
used. Only international assistance and hard work of emergency physicians and clinical toxicologists were able to save
some of the poisoned people. Lessons learned from this disaster have shown that it is important to have proper
emergency plans, which include necessary actions based on toxicology. For this, emergency physicians need to acquire
knowledge in the complex field of emergency toxicology. Identification of agents potentially causing toxicity is another
critical point.

INTRODUCTION

The traditional forms of action in response to emergencies or toxicological disasters, originally consists mainly of
immediate aid in the form of urgently needed drugs, medical equipment and other medical supplies. It is crucial. if not
vital to quickly assess the existing situation and evaluate the risk of disaster. Emergency relief, disaster preparedness
and management of disasters are the three main lines of action for the Emergency Department. The aim of this paper is
to describe the tragic events of the toxicological disaster in Georgia on April 9, 1989, where militaries used unknown
gases against peaceful demonstrators. Lessons learned from this disaster have shown that the Georgian toxicological
service was not prepared for such events, and in the future, it must improve its emergency preparedness.

METHODS

Data were collected from the toxicological departments of main hospitals of Tbilisi, where poisoned patients were
evaluated or treated. We compared the number and rate of victims of the above events: 1. brought to the toxicology
department and not hospitalized, 2. hospitalized with mild, moderate and severe poisonings, average length of stay in
hospital .

RESULTS
On April 9, 1989, in suppressing a peaceful demonstration in Tbilisi, toxic gases, later identified as the chemical
warfare agents "Cheriomukcha” and "K-51", resulted in the death of 16 demonstrators and in more than 4.053 people
requiring emergency medical evaluation. However, when the incident occurred and demonstrators were in need of
proper medical attention, the militaries became an even more crucial issue. They insisted that the gas they had used was
non-poisonous, that recovery was almost certain, and that there would be no long-term effects. At the same time. the
militaries refused to provide either the composition of or toxicological information on the gases. on the nature of the
injuries that could be caused from exposure, or the antidotes or specific treatments which needed to be prescribed. As
toxicological departments of main hospitals of Tbilisi were not equipped with good analytical laboratories. there was
no way to identify toxic substances in time. Later, it was estimated (B.Tchumburidze et al., 1990) by gas-
chromatographic analyzes, that four types of "Cheriomukcha" were used and each of them contained different
unknown chemicals. The major component was chloracetophenone. The composition of K-51 consisted of more than
30 compounds including C-S (45%). In addition, chloropicrin was discovered in samples of soil from the affected area.
P.Nishnianidze et al (1990) described 707 of the victims who were evaluated or treated in different hospitals in
Thilisi. The patient's condition, based on signs and symptoms, was classified as mild, moderate or severe. The clinical
picture of "severe" cases resulted from acute chemical inhalation poisoning. Many of these patients were complicated
with trauma. Among the 12 "severe" cases, nine were transferred to hospital unconscious, in a toxic coma. Physical
examinations revealed mydriasis, tachycardia, multiple skin rashes, sclera irritation, hyperemia and different intensive
hemorrhages. Of the latter, two sustained severe breath lesions and died on the second day after admission. In the
majority of patients toxic bronchitis, toxic pneumonia and toxic pulmonary edema developed. Patients returning from
coma were accompanied by delirium and hallucination.




Neurotoxic and irritant syndromes were detected in mild-moderate cases. Moderate cases were characterized
by systemic signs and symptoms such as weakness, difficulty in breathing, short-term loss of consciousness. feeling of
tightness in the throat, but did not require specifically mechanical ventilation. The symptoms of "mild" cases were
headache, dizziness, cough, nausea, burning sensation of nose or eyes and lacrimination. All patients were very anxious
for a long time, and sometimes had short-term memory loss. In the majority of patients, acute stress disorder was also
diagnosed.

Clinical peculiarities of neurointoxication were studied by R.Shakarashvili et al. (1990). 142 patients
intoxicated during events of April 9 were investigated. Besides routine clinical investigations EEC. EMC. CT.
otoneurological, neurophatological and neuropsychological investigations were performed. Neurological symptoms of
organic damage of nervous system were manifested mostly by following syndromes: corticopyramidal. brain system-
vestibular, amnesiac, extrapyramidal (with tonic disturbances, hyperkinesis, convulsions), spinal-segmental. spinal-
radicular, diencephal-hypotalamic, vegeto-ganglional, polyradiculoneurophatological, disautono-polyneurophatic
syndrome. CV investigation