
UNCLASSIFIED

AD NUMBER

ADB155185

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 30 Apr 1991. Other requests
shall be referred to Commander, U.S. Army
Medical Research and Development Command,
Attn: SGRD-RMI-S, Fort Detrick, Frederick,
MD 21702-5012.

AUTHORITY

MCMR-RMI-S, per undtd memo.

THIS PAGE IS UNCLASSIFIED



DEPARTMENT OF THE ARMY

A,

MCMR-RMI-S 70--1y)

MEMORANDUM FOR Administrator, Defense Techn, Information
Center, ATTN: DTIC-OMI, Fort Belvoir, VA
22060-6218

SUBJECT: Request Change in Distribution Statements

1. The U.S. Army Medical Research and Materiel Command, has
reexamined the need for the limited distribution statement on

limited distribution statement for AD Nos. ADB162425, ADB155185,
ADB151643, ALDB173995, ADB154041, ADBI54015 and ADB165708, be
changed to "Approved for public release; distribution unlimited,"
and that copi_!s uf these reports be released to the National
Techinical Information Service.

2. The point of contact for this request is Ms. Judy Pawlus,
DSN 343-7322.

FOR THE COMMANDER

CORNE ýUS R. FAY III
Lieutenant Colonel, MS
Deputy Chief of Staff for

Information Management

4

I



This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

"* Pages smaller or larger than normal.

"• Pages with background color or light colored printing.

"* Pages with small type or poor printing; and or

"* Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy uutput
you receive.

"E If this block is checked, the copy furnished to DTIC

contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.



L LECTFE DrLREPORT
FINAL REPRT

AD'6155 185

Task 89-W6: Determination o-.

the Biocquivalence of 111-6

and Atropine When Delivered..:

by wet/Dry Autoinjector or

Syringe in Sheep: A

Pharmacokinetic and Efficac

Evaluation

TO

U.S. Army Me"ia Researb

~tsm~ r U.Sf 4 and Deveiopmwt Comnwad

Institw of Chemcal Defi~ft

. .P utting Techno logy To Kbk April, 1 "91 9 1 - 0 1 2 1 1
-~ 91 6 4 107 z n: j



-- -•

- --- A--ro..v

REPORT DOCUMENTATION PAGE
1 "-C4T •.• CýM,~rf C .4ATIN 1b. RISTRiCTIvE MAKIKNGS
ý Liclasst fted

'a. ý4CLAJTY CLA4Sa4CAT)ON AUfOAY OI.DISTRuIrUTNIAVAJL"UrY OF RMipoT

___Distribution authorized to U.S. Government
i.• ., ONI;o~wft•.OuIG s A ... agencies and their contractors; Reason -

Critical Technology; April 30, 1991.Iý ?*iUQh#J#G OAGAAMLLATION XtFORr NUAAgLRS))$. MOfWTORING ORGAMLZflON WEORT NUMBSER(S)

6&. ftAAM OF PEFORAiNG ORGANUAlMN 61L OPF4C1 SYMSOL 7S. MAMA Of MO~ITORIMG ORGAJ.LATION

Battelle Coluus Operations / U.S. Army Nedial Research Institute of--.Battellesica Defensepeuton

6C. ADOURSS (City. SUNt. a"E jVCj* 7Lb ADOAES(Cry. SCOWe OWl ZIP CaaMj

505 King Avenue Aberdee Proving Ground, ND- 21010-5425
ColundNs, ON 43201-2693 - "

QA( 'OfIRJJNC OSA~ 0 "rIJ . ft OFPIC SYMISO. 9. PROCURIMEPN IfSTRUMIEXT IOENTIFKIAIK*N NUMIEi
om~ nm U..-Ar-nedics O, f f Abb)

Research and Development = Wl• Contruct No. DA1W17-89-C-9050
St ADDRESS (Ciy. State. and Z£WCaft 10. souRCE oP FuNoiNG 1NUAERS

Fort Detrick 0oOCT N o. "4 NO . I' N NO.
Frederick, MtAryland 21702-5012 63002K 1030021 995 Al 1DA 317949

11. nMU onmto 540A 040....

A ledical Aesearc. ad Evaluation Facility (NUF) and Studies Supporting the Medical
Cheilcal Defense PM=ri

ILPIRsOmL"THOAMSOlson, Carl T., ill, Garrett S.. Menton. Mioald G., Kiser, Robyvi C.,
Blank. James A.. Snide. Thas A., Pltthews. N. Claire., Noyes, Timothy L.. Miller, Pers"n
tI. r& "" OR WORT IJ&. TIWI COVME* 14. OAT& Of RAVOT (rW. WA 000 PAGE COUNT

Final FM 891001 10910415 1991 April 229

I&. PJ9A3ENTARY 4qOTAI10N
Task 80-06: Ceteminatlon of the Sliqiivalence of HI-6 and Atropine When 041*ered B4y
WetL/ Autki e2tor or Syrt In Sheep: A Pharicokinetic and Efficacy Evnluation

I?. cosAn COBE$ Il SJ•ECT TERMS (Cmanue I n i a#W seff7 Op ho flW;l*

R.L GAOup S , Autoin tor, Sheep. PharUmcoknetlcs, Efficacy CS,.
6 li s so.. (WI). Atropine, Pralidoxim Chloride 2-A), r 1

06 1 20' AutoinJector, HI-6, Vet-Ory Autoinjector

1.1 A"TUACT (Corvemo afe- coo,•fowou,,alty W0* mo'6.uA study ws Instituted in sheep to compare
efficacy against Sowen and the pharmcokinetics of atropine and HI-6 by met/dry autoinjector
and by syringe. The efficacy in sheep against Soman of Atropine/Hl-6 delivered by wet/dry
autoinjector ws also compared to the efficacy of atropine/pralldoxime chloride when
delivered by syringe. The "aglng' rate of G was also determined in sheep erythrocytes.

There were no statistical differences in the LDs0'sea sheep treated with atropine/HI-6
using syringes or wet/dry autoinjectors. The 48-hr GD LDS0 estimated for sheep treated with
atroplne/2-PAM was not significantly less than the LD54 of sheep treated with atropine/HI-6
using syringes or wet/dry autoinjectors. A PR was determined for atropine/HI-6 treatment.

Based on analyses of HI-6 and, atropine phaimacokinetic parameters there were no statistically
significant differences in the two injection techniques. The aging rate of sheep RBC's is
highly dependent upon the GD-AChE incubation temperature.

20. OtITRISUTl•ONAVAILMIUrY Of ASRACT 21. ABSTRAL.' SEC RITY CLASsfIcATON
CUNC-ASSL40OIUMMO (I SAME AS ROT. C OM USER Unclassified

Ila. NAPAE OF REPPONS18LI INCOivIOUjAA 1220 TELL PMONE (knclu,4 Afto ode) 22C. O~FFCE SYM6.-
Mary Frances Bostian (301) 663-1325 SGRD-RHI-S

0O Form 1473. JUN 56 PeowOlEsMaWaVo600. SECUT•Y CLASSIP•IATION OF TNWS PAGE



FINAL REPORT

Contract DA1D17-89-C-9050
A Medical Research and Evaluation Facility (MREF) and Studies

Supporting the Medical Chemical Defense Program

TASK 89--06: DETERMINATION OF THE BIOEQUIVALENCE OF HI-6 AND
ATROPINE WHEN DELIVERED BY WET/DRY AUTOINJECTOR OR SYRINGE

IN SHEEP: A PHARNACOKINETIC AND EFFICACY EVALUATION

to

U.S. ARMY MEDICPL RESEARCH £*4SoL.* Top

AND DEVELOPMENT COMMAN UM GRAMI
D?!C TAN

April, 191

Dr. Carl T. 01son a . Avi.. y ,.ie-
Dr. Garrett S. Dill ei I .

Dr. Ronald 4. Kenton 01st 6epoctal3

IMs. Robyn C. Ktiser Ar
Dr. James A. Blank

Mr. Thmas H. Snider
Ms. M. Claire Matthews

Mr. Timothy L. Hayes
Dr. Larry S. Miller

Dr. Ronald L. Pursing

BATTELLE COLUNIUS OPERATIONS
505 King Avenve

Columbus, OH 43201-2693
q

Distribution authorized to U.S. Government agencios and theIr contractors;
Reason - Critical Technology; April 30, .991. Other requests for this
document shall be referred to Comuander, U.S. Army Medical Research and
Development Command, ATTN: SGRD-RJII-S, Fort Detrick, Frederick, Maryland
21702-5012.

*1_



r!

In conducting the research described in this report, the investigator(s)
64hered to the 'Guide for the Cam and Use of Laboratory Animals," prepared by
tha Committee on Care ind Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (U.S. Department of
Health and Human Services, Public Health Service, National Institutes of
Iealti, (NIH), Publication No. 86-23, Revised 1985).

Citations of commercial organizations and trade names in this report do not
constitute an official Department of the Army endorsement or approval of the
products or services of these organizations.



FINAL REPORT

on

TASK 89-06:

DETERMINATION OF THE 8IOEQUIVALENCE OF HI-6 AND ATROPINE WHEN
DELIVERED BY WET/DRY AUTOINJECTOR CR SYRINGE IN SHEEP:

A PHARMACOKINETIC ANO EFFICACY EVALUATION

to

U.S. ARMY MEDICAL RESEARCH
ANO DEVELOPMENT COMMAND

April, 1991

Carl T. Olson, D.V.M., Ph.D. Date Ti4mtl04 L. Haye, B.A. ate
Study Director Study Chemist

* Grritt S. Dill. 0.V.N. -- afs bryA Miller,' Ph.D. 0ate
Principal Investigator Immunothemi st

R•aiild G. Menton, Pt..D. 14te i4. Clalre Matthews, N.A. Date
Study Statisticiin Statistician

* Robyn C.">lser, 8.S. Date Ronald L. ersing, W., D.V.M. Date
Study Supervisor Study Pathologist

jJameA A. Blank, Ph.D. Date " oas H. Snider, B.S. Date
Pharmacologist Pharmacokinetics Modeler

I

]U



I1

TABLE OF CONTENTS

Page

1.0 INTROMUCTiON ............ ............................. 1

3 2.0 EXPERI"ITAL DESIG ............. .. .. .... . . . 3

2.1 Test Animals. . . . . . . . . . . . 3

3 2.2 Katerials and Methods . . .. ... ...... ........ 4

2.2.1 Chemistry ... . . . . . . . . ... . . . .. ... 4

2.2.2 GO LO, Estimation. . . . . . . . . . . . . . 5

2.2.3 Treatmnt Efficacy Evaluation .... . . . . . . . 6

2.2.4 Phamacokinatic Studies .................. 7

3 2.2.5 GO Aging Studies. . . . . . . . . . . . . . . . . . . .10

3.0 R£EULTS .. . .. . .. .. ... . . . . ... 12

3.1 Chemistry . . . . . . . . . . 12

3.2 GO LD, Estimation. . . . . . . . . . . . ....... . . ... 13

3.3 Treauwt Efficacy Eva 'ation..... . ....... . . 15

S3.3.1 Statistical Analyses .................... 17

3.3.1.1 Analysis of 48-Hr Lethality Data .......... . 17

1 3.3.1.2 Analysis of 90-Mmn, 4-Hr, and 10-Hr Lethality Data. 30

3.3.1.3 Analysis of the Times to Death. . . . . . . . . .. 37

3.3.1.4 Analyses of Clinical Signs Data. . ......... 39

3 3.3.2 Pathology . . . . . . . . . . . . . . . . . . . . . . . .. 50

3.4 Pharmacokiretic Study. ... . .. . . . . . ........ 50

3.4.1 Statistical Analyses of HI-6 Pharmacokinetic Parameters . . 56

a 3.4.2 Statistical Analyses of Atropine Pharmacokinetic Parameters 64

3.5 GO Aging ........... ............................. 73

V



11'

I

TABLE OF CONTENTS
(Continued)

II
4.0 CONCLUSIONS .............. ........ .... 79

5.0 RECORD ARCHIVES ....................... 80

6.0 ACKNOWLEDGMENTS ...... . . . ............. . 81

7.0 REFERENCES . . . . . . . . . 82

I
3 APPENDIX A

Protco I s

II
3 APPENDIX 8

Patm olx o

I ~APPENDIX D

Pharmacokinettc Parameters

SAPPENDIX E

Samole I and 2 Compartment Model Computer Programs

ad I

-j

o ' " = " " • Ir . + | i !' S



ill

Table 1. Results of Task 89-06 GO LD. Study In Sheep .......... 14
3

Table 2. Treatment Groups Used in Task 89-06 ..... ............. 18

Table 3. Ten-hr and 48-hr Lethality Results, and Times to Death for Six
Groups of Sheep: Untreated, Atr/Syr, 2-PAM/MKI, HI-6/Syr.
H1-6/Wet-Dry, and HI-6/Atropen ...... ................. 19

Table 4. Parameter Estimates and Model Results from Fitting Common Slope 9
Probit Dose-Response Model to the 48-hr Lethtlity Results from
Six Groups of Sheep ....... ...................... 27

Table 5. Estimated 48-hr GO LDos and Protective Ratios for Six Groups
of Sheep ......... ............................ ...... 29

Table 6. Fartster Estimates and Model Results from Fitting Common Slop.
Pro•it Dose-Response Model to the 10-hr Lethality Results from
Six Groups of Sheep. ............................ . 33

Table 7. Estimated 10-hr GO LDges and Protective Ratios for Six Groups
of Sheep............. ... . .. ............................ 36

Table 8. Parameter Estimates and Mnodel Results for Regression Model of
Ti to Daath Versus Gj Dose ....... .................. ... 38

Table 9. Predicted Tiue to Diath at Two Times the Untreated 48-hr GO
0o for Six Groups of Sheep ........................ 40

Table 10. Clinical Observations for Onset and Cessation of Tremors, S
Convulsions, Prostration, and Sternal Recumbincy ......... 41

Table 11. Sumary of Onset Times for Tremors, Convulsions, and Sternal3 Recumbency ........ ........................... 46

Table 12. Summary of Regression Modeling of Duration of Tremors,

Convulsions and Sternal Recumbency ................... 48

Table 13. Treatment Schedule for Pharmacokinetic Studies ............ 51

Table 14. HT-6 Pharmacokinetic Parameters AUCo.0 ., C.., and t.. Derived
Sfrom Empirical Data ......... ...................... 57

Table 15. HI-6 Pharmacokinetic Parameters V., k,, k,1 from One-Compartment
Model ........... ............................. 58

aJ

S



5 Iv
L.

LIST OF TABLES
(Continued)

Page

Table 16. HI-6 Pharmacokinetic Parameters Calculated from k., k.1 , and Vd&Based on On4-Compartment Model ...... ................. 59

Table 17. Sumary of Statistical Analysis of Delivery System,
Animal-to-Animal, and Week of Testing Variability for HI-6
Pharmacokinetic Paeameters ....... ................... 63

Table 18. Atropine Phamacokinetic Parameters AUC6,., C,., and t1,
Derived from Empirical Data . . .............. 65

Table 19. Atropine Pharmacokinetic Parameters A, 6, a, P and k, frem
Two-Compartment Modei . . ....... . . . .. ....... 66

Table 20. Atropine Pharmacokinetic Paramiters Calculated from A, B• a .
and t Based on Two-CipartpUmt Mo1del ...... ....... ... / 67

Table 21. Summary of Statistical Analysis of Delivary System,
Aniw~l-to-Animal, and Week of Testing VariabiTlt.y for Atropine
Ii•racokinetic Parameters .......... ....... 72

Ta1le 22. Estimation of the GO Concentration Required to Inhibit Ovine3 AChE by Fif ty Percent (IC,) at C .............. 75

Table 23. Siumary of the Slope and Y-Intercept Values from Regression

Analysis of the Aging Data ................... 77

Table 24. Estimation of GO-AChE Incubation Tim for Various AME"R~activation Values ........... .. . ..

II

,



II

S~LIST OF FIGURES '

Lit

Figure 1. Probit Dose-Response Models for 48-hr Lethality of Sheep
Challenged with GO and Receiving Various Treatments ...... ... 28

i Figure 2. Times to Death of Sheep Challenged with GD and Receiving
Various Treatments. . . ......... . . . . . . . . .. . 32

Figire 3. Problt Dose-Response Models for 10-hr Lethality of Sheep
Challenged with GO and Receiving Various Treatments ...... .. 34

Figure 4. Mean Plasma HI-6 Concentrations Following Injection of Eight

Sheep Using Two Different Techniques. . . . . . . . . . . . . . 53

Figure S. Mean Serum Atropine Concentrations Following Injection of Eight
Sheep Using Two Different Techniques. . . . . . . . . . . . . . 54

'Figure 6. Model-Based Versus Epirical AUCm for Plasm HI-6 . . . . . . 60

Figure 7. Wodal-Gasod Versus Empirical C. for Plasm HI-6 . . . . . . . 61

IFigure 8. Model-Based Vewus Empirical t. for Plasma HI-6 . . . . . . . 62

Figure 9. 4od1l-Ozz" Versus Einical AUC.. for Srum Atropine . . . . 68

SFigure 10. od•ei-sed V Yersus Fspirlcal C, for Serum Atropine . . . . . . 69

I Figure 11. Model-Based Versus Empirical tm for Srum Atropine . . . . . . 70

Figure 12. Inhibition of Ovine RBC and EEL AChE by GO. . . . . . . . . . 74

Figure 13. Reactivation of GO-Inhibited sR8C AChE by HI-6 at 23 C and 37 C 76

I
I
I I



TASK 89-06: DETERMINATION OF THE RIOEQUIVALENCE OF HI.6 AND
ATROPINE WEN DELIVERED BY WET/DRY AUTOINJECTOR OR SYRINGE

IN SHEEP: A PHARMACCKINETIC AND EFFICACY EVALUATION

1.0 INTRODICTION

The oximo 1-2-hydroxyiminomethyl-l-pyridino-3-(4-carbamoyl-l-

pyridino)-2-oxapyopane dichlcride (HI-6) given in conjunction with atropine

appears ti be the most effective available treatment of pinicolyl

methylphosphonofluoridate (soman; GO) intoxicalton. The efficacy of HI-6 in

countering the effects of GD has been repeatedly demonstrated In a variety of

animals, including rodents, rabbits, dogs, and monkeys.(t 3 ' A major

obstacle to the development of HI-6 for military use is its marked instability

in solution. Current U.S. Army autoinjector systems for treating nerve agent

intoxication package all components in solution. An effort is underway to

develop a dWlivery device, a %et/dry autoinjector, which will allow packaging

of HI-6 in its stable, crystalline foru. In such a system, the HI-6 would be

rapidly dissolved in an atropine solution so that within a matter of seconds

the mixture of atropine and HI-6 could be injected. Since adequate shelf life

(more than 3 years) can be expected for HI-6 while in a dry form, the

development of a wet/dry autoinjector appears to be critical to the successful

fielding of this oxime as a nerve agent antidote,

No Ja LW- studies have beeo accomplished to validate the wet/dry

autoinjector as an effective method of introducing an emergency antidcte for

nerve agent intoxication. Substantial differences may exist between the

experimental administration of previously prepared sclutions of atropine and

HI-6 given by syringe and the proposed administration of the compounds using a

wet/dry autoinjector. Potential pt'oblems with a wet/dry autoinjector delivery

system include:

Any delay in administration of nerve agent antidote because of time

required to form an HI-6 solution may result in therapeutic failure.

Time to treatment bccames critical once signs of nerve agent

intoxication are manifested.

The dispersion pattern of #Ne admixed solution in tissue may alter

the absorption of the antidote compounds. The design of the
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autoinjector Is such that the tissue dispersion pattern of injected I

material cannot be simulated In the laboratory with the use of

syringes.

A relatively small deliverable dosd of HI-6, due to the small volume

capacity of the autoin.ictor, may not be adequate. Although the

data base for HI-6 suggests efficacy in treating GO intoxication,

virtually all studies have been done in small animals (less than

10 kg) at relatively large doses (20-200 mg/kg). As packa•ed in
available autoinjectors, the dose of HI-6 to a standard 70 kg man
ranges from 5.7 to 7.1 mg/kg per injection. It is not certain that

HI-6 can provide improved survivaility or reduced norbidity
relative to the currently fielded nerve agent antidote regimen if
its use Is constrained by formulation and/or doctrinal
cons!deratlons.

This task was initiated at Battelle's Medical Research and

Evaluatica Facility (MREF) to!

1. Cvarv t4 oafflea~y of atropine and HI-6 d•vlred
intramuscularly (114) by wat/dry autoinjector with their efficacy
We delivered IN by coawetional syringe in the treatment of GO

Intoxication in shee.

2. Comare the efficacy of atropine/141-6 delivered by wet/dry

autoinjector Ea the efficacy of atrogine/pralidoxims chloride
(2-PAM) delivered by the Mark I (WIl) autoinjectoe system in

prvventing the effects of GO intoxication in sheep.

3. Oetermine and compare pharmaaokinetic parameters in sheep for

atropine and HI-6 when injected IN by syringe and when delivered
by wit/dry autoinjector.

4. Determine the 'aging* rate of GO in sheep erythrocytes.
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: • 2,0 EXERIMENTAL DESICN

Sheep were used for this study becauri of their known response to
organophosphonate (OP) chemical surety materiel (CSJ), because of similarities
with am In body weight, and because sheep have bven used in similar

Spharmokinetic stWies with IN administered drugs.($-',?-$) Approximately
1-year-old weth*ers of Rambouliet-Cotmbia breeding were obtained from Thomas

* 0. Norris, Inc., Reisterstown, P~). All sheep had serology perforwmd prior to
shipment to the MREF and were negative for antibody titers for the Q fever

causative organism, oUxia.li burnetai. Upon arrival at the MREF, sheep were
examined by a vetarinorian and blood and fecal samples were obtained for
climical pathological and gastrointestinal parasite evaluation%. Sheep were
held In quarantine for a minim" of 7 days prior to use in a study. All
animals were tagged In the ear to retain posit-se identification ard were3 maintained in an outdoor fenced area with available shelter until brought Into
the laboratory for experimentation. Sh•ep were fed Purini Rumilabs with

3 limited quantities of locally prcasd hay. Water war supplied from
*attelle's West Jefferson water systm •4 Iit i~. The water is analyzed
quarterly for potability and annually for contaminants. No contaminants which
would intertere with the results of the study are known to be present in the
water or feed.

Sheep were shorn, brought into the laboratory, and maintained on
straw bedding in animal rooms kept at IS t 15 F with a relative humidity of350 t 20 percont. Fluorescent lighting with a light/dark cycle of 12 hr each
per day was used. Sheep were accliaated to a sling suspended from a stand for

Sa mrinima of 20 mini er day for 2 days prior to experimentation, and they
routinely adapted rapidly to this method of restraint. Each animal was
weighed using a Nordic Forge scale (NASCO, Fort Atkinson, WI) and animals were
homogenized by weight into groups for effi-.acy testing of treatments for GD
intoxication. Shee weighed between 60 and 100 kg at the time of testing and

appeared to be in good physical condition.

4"

S - , mm ,,,. , i '1m ,
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11 2.2 Materials and Methods

Atropint and 2-PAN con:tained in MI antidote injection systems and

j atropine and HI-6 contained in wet/dry antidote injection systems as well as

additional Hi-6 in a solid state wera provided by the U.S. Army Medical
Research Institute of Chemical Defense (USA•RICO). Sufficient numbers of

antidote injection systles from the same lot were provided so that efficacy
3 and pharmacrinetic studies could be perfermed. Atropine sulfate monohydrate

(Aldrich, Lot Mo. EW016021J, 98.6 percent pure) was purchased and a solution
prepared in the same formulation as the atropine solution used in the wet/dry

autoinjectors (proprietary information). This atropine solution was used as
diluont for the Xl-6 In pveparing admixed atroplne/HI-6 solutions for dosing

m of sheep by syringe on each day of efficacy testing. A sample of the

atropine/HI-6 solution prepared on each day of dosing was analyzed to confirm
3 desired concentrations. Comercially available atropine sulfate injectable

solution (Atropine L.A., Sutler, Columbus, ON) was purchased locally for use

as supplmental atropine in efficacy studies.
Ths WX(X systvA consists *f two s&parate Injectort, one for atropine

* (Atropen) &W, ome for 2.- . Raenving either tubular plastic 'pen* from the

common holder arms a sprIlrg-loaded mechanism which forces a hypodermic needle
from the pen when its head is pressed against the skin. The same spring

mechanism advances a plunger which causes injection of the contents of the
pen. The wet/dry autoinjector systm (ASTRA Autoinjektor) delivers atropine

3 and H4I- in a single injection. Th. top portion of tka injector is rotated to

break a seal and the injector is shaken for ten sec to mix the atropine
solution ad powdered HI4-6. A safety ring is remved, the injector held

against the skin, and the red top is pressed to initiate injection of the
contents. Both autoinjector systems are kept in place against the skin for

10 sec after activation to ensure complete injection.
GO was supplied by USAMRICO. Purity of GO stored at Battelle is

periodically confirmed by Battelle chemists. For dosing of sheep, a nominal
1.7 mg of GO per .4 of physiologic saline solution was prepared for thisJ

I)



-1

study, and aliquots were stored in amber 10-mL serum vials at approximately
A -70 C. After each dosing day, samples oý dosing aliquots were analyzed by gas

j] chromatography.

2.2.2 GO ~•Etmto

A 48-hr GO LDl, was estimated for this population of sheep. SheepSwere given IM injections of GD in the caudolateral area of the right thigh in
the region of the semitendinosus muscle. Doses were selected by the study

statistician using an up-and-down design in which only one or two sheep were

dosed a day. Twenty-three gauge, one-inch needles were used for 411 IHN

injections. To obtain maximum accuracy -n delivered doses, syringes used for

dosing GO were Hamilton (Reno, NV) microliter syringes of the smallest

compatible volume. Syringes were filled to no mort than 95 percent of labeled

volume. Individual, labeled syringes were loaded with the calculated volumes

of GO prior to the start of dosing, weighed, and placed on ice until used.

After dosing was copleted, syringes were weighed again to determine weight

losses. Weight losses were used to calculate the volumes actually delivered.

At the time of injection of these exempt concentrations of GO, sheep were
restrained in a sling and positioned at the face of a hood Aporved for the

use of highly hazardous chemicals. Experimentation performed under Task 88-38

of a prior contract had established the 48-hr GO LOD in sheep at 6.6 /pg/kg
body weight. Using a common slope model (i.e., using the slope determined for

the GO dose-lethal response curve determined in Task 88-38), an LDoe was
estimated by a probit model. After each day of testing, a statistical

hypothesis test was conducted to determine if the L%0, estimated for the

current population of sheep was similar to the 6.6 gg/kg estimated in

Task 88-38. The study was designed to use no more than 10 sheep in estimating

an L2os. If, after five or more sheep were dosed, the estimated Llo was

within the 95 percent confidence limits (6.1-7.1 #g/kg) of the LDo estimated

in Task 89-38, the LDO0 estimated in Task 88-38 would be accepted as the Lse

Sfor sheep in this study and no further sheep would be injected for the purpose

of establishing an LDOe in untreated animals.

"LI

L..
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2.2.3 Treatment Efficacy Evaluation

The second phase of this study was designed to compare the GD
intoxication treatment efficacies of three treatment regimens:
1) atropine/HI-6 given by three wet/dry autoinjactors, 2) equivalent doses of3 admixed atropine and HI-6 given via three hypodermic syringes, and
3) atripine/2-PAN given by three MKI autoinjector systems. To ensure that
efficicy of reactivator therapy was not adversely affected by an insufficient
dosage of anticholinergic, supplemental atropine was adinistersd IN to
provide a total atropine sulfate equivalent dose of approximately 0.5 mg/kg,
as recommended for treatment of OP intoxication in sheep."'" GO was given
IN in the caudolateral muscles of the right thigh and one min later all
treatments were given I4 simultaneously in the anterior lateral area of the
left thigh in the region of the vastus lateralis head of the quadriceps
femoris mscle with a one inch or more separation of injection sites.
Autoinjectors were weighed prior to use, W again, after injections were

I made, to confirm delivery of autoinjector contents.
Experiments were conducted in a stagoeise fashion, using only a few3 sheep in each troacasot rup pe da•, to determit, the LD)w for each group.

The LDms and slopes of ths dos&-retspons cw•s were.co"ared after ea,.h
stzge to detarmir ary significa•t differw.8 is efficacies of therapy. The

maxima number of sheep to be used in each -f the atropine/HI-6 via syringe
and atropine/2-PAN (MKI) treatmat grops was set at 25, and the maximum
number of sheep in the atropine/HI-4 via wet/dry autoinjector group was set at
35. If significant differences (P 1 0.05) in treatment efficacies were
determined with fewer sheep, experimtatioa would cease at that time. If,
after a minimum of 10 sheep in each of the three groups had been challenged3 and treated, there was not a statistical difference in LD, values between
atropine/2-PM and atropite/Hl-i treated sheep, the USAMRICD Task Area Manager
arnd Contracting Officer's Representative were to be consulted and a course of
further action planned.

Sheep were returned to an animal holding room following GD and
treatment injections, removed from slings, and observed for 48 hr for signs of
GO intoxication, including muscle fasciculations, tremors, convulsions,



1 excessive salivation/bronchial secretions, and prostra.ion. Sheep were
closely and continuously observed for the first two hr following GO injection
and then at decreasing frequency for the remainder of the 48 hr period. Any
sigrs observed and their times of onset were recorded when feasible. The
incidence and recovery from sublethal responses such as convulsions or
prostration were statisticilly analyzed, as feasible, to determine any
differences in incidence or severity of effects in sheep receiving different

Stherapies. Animals dying on study were submitted for necropsies and all gross
lesions were recorded. No tissue sample ctllection was performed. After

Unecropsy, remains were incinerated. Sheep still alive at the end of the 48-hr
observation period were euthanatized and cremated.

U2.2.4 Pharmacokinetic Studies

I In pharmacokinetic studies, sheep were given equivalent doses of
atropine/HI-6 either with three wet/dry autoinjectors or with three
conventional syringes. Sheep were given IN injections in the anterior lateral
area of the 'eight thigh in the area of the vastus lateralis head of theI quadriceps femoris muscle. Solutions delivered by hyWdermic syrioige• were
prepared in the same formulation as that used in autoin•fctors (6utoinjector
data provided by USM4RICD). After a minimu one-week washout period, the same

sheep were injected again using the injection technique not used originally.
The study was designed so that an equal number of sheep would be given
atrepine/HI-S by each of the injection techniques on each day of testing with
a total of eight sheep treated with both techniques.

Ten-mL blood samples were taken from a Jugular vein through an
indwelling catheter (French 8 Catheter Sheath Introducer System, Cordis Corp.,
Mimi, FL) or with a disposable 10-mL syringe and 18 gauge, 1.5 inch needle
(Becton Dickinsow, Rutherford, NJ) if the catheter was not patent. The 17-cm
rigid plastic vessel dilator, rather than the sheath assembly itself, was used
as the catheter because the flexible plastic sheath assembly would collapse
and become crimped whenever an animal turned his head to the side. The vessel
dilator was loosely fixed in place with a stay suture placed in the skin, and
a three-way stopcock was attached to the catheter.
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Blood samples were taken a few minutes prior to injection of

atropine/HI-6 and at approximately 1, 2, 3, 4, 5, 6, 8, 12, 16, 20, 40, 60,

80, 120, 180, 240, 300, and 360 min after injection. Seven-tenths mL of

heparinized physiologic saline (30 units/mL) was used as a block in the three-
way stopcock and indwelling catheter to prevent clotting of blood during the

2 longer Intervals between blood collections. The heparin block was removed by

withdrawing a 1-mL volume before drawing the 10-nL blood saarle for analysis.3 Five .1 of the 10-mt blood sample drawn using a 10-aL disposable syringe was

Imediately placed in a prelabeled heparinized glass vacutainer* (Becton

3 Dickinson). The other 5 mL was placed in a prelabeled 13-mL polypropylene

tube with cap. This tube was placed on Its side and the blood allowed to clot

at room temperature for at least one hr. Sheep were reoved from slings after

the 120-min blood samples were drawn and allowed access to feed and water.
Catheters were left in place until after the six-hr blood samples were drawn.

I The heparinized blood samples were transferrad to labeled

polypropylene tubes and centrifuged at approximately ISO0 X G for 15 min.

Thtn, the plasma was removed with pipettes, put Into labeled polypropylene
tubes, and frozen at appruximately -70 C until assayed for HI-6. Analyses for
HI-6 concentration were conducted at the KREF v:sing a hilh performance liquid

hromatography (HPtC) technique (IIEF SOP 89-62). After tie blood savles in
the non-heparinized tubes had clotted, the blood clots .vira gently separated
from the sides of the tubes with applicator sticks. The tubes were then

centrifuged at approximately 800 X G for 15 min and the serum was pipetted

into labeled polypropylene tubes and frozen at approximately -70 C. Serum
samples were hand-carried to the laboratory of Dr. Larry Miller at Battelle's

3 Columbus site for detormination of atropine concentrations, using

radioiunoassay (RIA) techniques (SOP Number: TOX VI-014-00).

The stud) ised a cross-over design balanced for sequence of
injection, day of testing effects, and residual effects. Once blood

concentrations of atropine and HI-6 were determined, concentrations as a

function of time, maximum concentrations, times to maximum concentrations,

areas under the blood concentration-time curves from 0 to 6 hr, absorption and

elimination rate constants, and apparent volumes of distribution were
estimated using the pharmacokinetic model which best represented the data.
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Pm-,rmacokinetic parameters for atropine and HI-6 administered by both
injection techniques were compared to determine any significant (P <0.05)

1 differences.
j Thirty-two separate pharmacokinetic analyses were performed - serum

atropine following use of both injection techniques in eight sheep, and plasmaJ 111-6 for both injection techniques in eight sheep. Although binod sampling
times were established, it was not always possible to draw samples exactly at
desired times, usually because of problems obtaining blood flow in the
catheters. Times at which blood samiples were actually obtained were recorded
for each animal at each sampling time, and pharmacokinetic parameters were
estimated using the actual times of blood collection. Atropine concentrations
less than 1 ng/mL, the limit of reliable quantification, were considered as
zero for the pharmacokinetic analyses. The quantitative limit for 111-6 was
2.5 Pog/mL, and values below this concentration were also considered as zero3 for pharmacokinetic analyses.

The objective of the statistical analysis of the pharinacokinetic
3 data was to determine if any significant differences existed among the HI-6

and atropr:ne pharmacokinetic parameters estimated for the two different
injection techniques. Empirical data for C.,~ t., and AUC,.3., i.e., the
actual highest blood coancentration measured, the actual sampling time of this
highest concentration, and the area under the measured blood concentrationsI over time curve to 360 min derived by the trapezoidal method, and the same
pharmacokinetic parameters predicted by models were statistically evaluated.
The correlations between empirical and model estimates were determined to
assess the Ogoodnoss of f itw of the models.

Pharuacokinetic parameters were analyzed to determine if there were
any effects due to injection technique or week of testing, and to assess the .
variability In the pharmacokinetic parameters among the animals. Experiments
in which the same animal is tested on multiple occasions using different

M treatment regimens on different testing days are called cross-over designs.
By using a cross-over design, cowparisons between the pharmacokinetic
parameters of different injection techniques can be made on an individual
animal basis. Controlling for the animal -to-animal variability by using each
animal as its own control provides more precise comparisons between injection
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techni4ues. Special considerations may arise because the effects of a

treatment administered one test period may carry over to the next test period

(residual effect). Therefore, an animal's blood levels may be affected

J directly by the most recent treatment and also by a residual effect from the

previous treatment. A relatively long washout and recovery period between

dosing was used to prevent residual effects.

An analysis of variance appropriate for cross-over designs was

3 conducted for each Empirical and model-based estimated phareacokinetic

parameter to assess the statistical significance of the effects of interest.

The effects included in the analysis of varianca are given in the following

equation for a generic pharmacokinetic narameter Y:

Y - i+8+y+1+e

where - average value of the pharuacokinetic paraeter,

B - effect of animal,

y - effect of week of testing,

m - direct effect of the autGinjector used that week, and

E - uncontrolled variation within an animal.

Sheep were observed at 20 min after injection of the atropine/HJ-6

for signs of atropinization, including pupillary size changes and response to

light and changes from preinjection heart rate. Muscle coordination in

ambulation was evaluated at 120 min after injection of atropine/HI-6 when

sheep were removed from slings.

2.2.5 CD Aging Studies

This portion of the task was designed to determine the rate of aging

[i.e., the rate of dealkylation of acetylcholinesterase (AChE)-bound GO and

formation of irreversible GO-AChE binding] of GO bound to AChE from sheep red
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blood cells (sRBC) using a method developed in Task 38-36 of a previous

L contract. The assay is based upon the percent of AChE dephosphonylated

(reactivated) by HI-6 added at different times of GO-AChE incubation, wit,

aging rate defined as the slope of the log percent reactivation versus time
plot. This methrd is based upon the work of Harris, et al.(") and aut,.rated 9
using a Cobas FARA (Roche Diagnostic System, Nutley, NJ) centrifugal

autoanalyzer.

Blood samples from ten different sheep were collected and the aging
rates of GD-inhibited AChE were determined to measure animal-to-animal

variability. Approximately 10 mL. of blood was collected from each sheep in a

vacutainer containing heparin as an anticoagulant. The AChE present on the
membranes of the sRBC was made soluble with Iriton X-IOC in accordance with

KREF SOP 38-46 (Appendix B). The AChE activity present in the different

samples was adjusted to approximately the same baseline level, and the ' 0 S

I inhibition of AChE activity for various concentrations of GO was determined.

From the inhibition data, a GO concentration was selected for use in aging3 studies. The HI-6 concentration used was fixed at 800 ^M, as this

concentration is knowm to be effective in reactivating fetal bovine serum
AChE. (12)

Procedures were performed in three steps:

1 1. AChE Preparation: Blood samples from sheep were collected in
heparinized vacutainers and then centrifuged at 8,800 X G for

I ten min. The sRBC were osmotically lysed by resuspending the
red cell pellet in distilled deionized water to form membrane

1 ghosts which were isolated b-' centrifugation on the day of blood

collection (MREF SOP-88-46). Samples of AChE were prepared by
dissolving the sRBC membrane ghosits in a 1 percent Triton X-100

in physiologic saline solution, The AhE samples were then
aliquoted into 1.7-mt. polypropylene tubes and stored at -10 C

hi until used. The use of AChE from membrane ghosts eliminates the

high background absorbance readings found if heme is present.

allows concentration of sample AChE activity, and increases thesensitivity of the measurements.

0 f

_J



2. GD-Induced Inhibition of AChE Activity: An aliquot of AChE from

RBCs of each sheep was thawed, assayed for AChE activity, and

the AChE activity diluted to approximately 20 mUnits per mL with

the I percent Triton X-100 in physiologic saline solution. GDO,
at various concentrations, was incubated with the AChE samples
for five minutes prior to determining AChE activity using thi.

centrifugal analyzer. Incubation and ACh activity

determinations wepo performed at 23 C. Slope add y-intercept
values were calculated, using regression analyses of log GO

concentration (x-axis) versus AChE inhibition values between
15 percent and 85 percent. The GO concentration required to

produce a givan amount of AChE i:,hibition was estimated from the

regression line equation and individual slope and y-intercept
values for the experimental conditions used. The 1IC, value,

that GO concentration required to produce 50 percent inhibition
of AChE under the experimental conditions, was calculated for

each animal.
3. Aging of GD-Inhibited ACHE: GO was Incubated with AChE samples

for various lengths of time to allow different degrees of aging.

After incubation, HI4 wn addid to a final coiwentration of
800 #M, and the aimount of HI-S-1nduced AChK mactivatior, was

determined. The aging rate of GD-inhibtted AChE is described as

a first-order process and graphical presentation of log percent
reactivation versus length of incubation yields a linear

plot.(12 ) Aging rate, Ps defined by the slope of the smi-
logarithmic plot, was determined at 23 C and at 37 C.

3.0 REULTS

3.1 Chemlisti

USANRICO reported that wet/dry autoinjectors (ASTRA) delivered

1.86 mg atropine and 460 mg HI-6 in a total volume of 3.15 *L. The MI system

is designed to deliver 2 mg atropine sulfate equivalents using the Atropen
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(Lot No. RU7213, Manuf. date ;/S5) and 600 mg 2 PAM by the 2-PAM autoinjertor

(Lct No. RU8243, Manuf. datL 9/85).

Chemical analyses of GD dosing solutions (MREF SOP 88-31) from LsO,

and efficacy studies confirmed concentrations within ± 6 percent of 1.7 mg/mL

on all days except two - one analysis at 88 percent of target and one analysis

at 82 percent. The stability of GO solutions is dependent upon temperature

and handling, and the solution demon.trating only 82 percent of target

concentration was not analyzed until 6 days after dosing.

Alt;,ough some incorrect assumptions were made, as discussed in 3.3 g

Treatment Efficacy Evaluation, chemical analyses of daily dosing solutions

demonstrated an atropine dcse within ± 8 percent of the target dose (MREF SOP

89-55) and an HI-6 dose within ± 5 percent of the target dose (MREF SOP

1 89-64). For phareacokinetic studies, chemical analyses of dosing solutions

confirmed HI-6 doses within 5 percent of target and atropine doses within 4

j 7 percent of target, except for the first day of pharmacokinetic studies when

the atrepine concentration was analyzed at 84 percent of target.

I 3.2 G D.L% Estimalion U

i A modifitd up-dow•, type experimnt, challenging one or two sheep per

day, was conductad to estiuate the 48-hr GO LDýs in the present population of

Suntreated sheep. Based on historic information on the slope of the GO dose-

lethal response curve and analyses of data as they were obtained, the best

doses for challenging succeeding animals were selected to estimate the 48-hr

GO MLA most efficiently. A total of five sheep were injected with GD, on

I three different dosing days, and given no therapy. The doses delivered and

results are presented in Table 1. Dose-response models were fitted to the

data from the five sheep of Task 89-06 and the 80 animals used in Task 88-38,

ani 48-hr GO L.es were estimated for each group of untreated sheep. The two

MLms were not statistically different (at the 0.05 significance level) and

the data from the two groups of untreated sheep were pooled to form one group.
The 48-hr GO U3, ia this pool of untreated sheep was calculated to be

6.6 jsg/kg.

I,
!S



TABLE 1. RESULTS OF TASK 89-06 GD LD.0 STUDY IN SHEEP

Animal Number Weight (kg) GD Dose (#glkg) Time of Death

28 69.3 5.6

43 73.0 5.7

51 74.1 6.3 11 msn

6 60.9 7.3 72 msn

40 64.5 7.7 75 min

SI I I I I I

i ii , , ,
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3.3 Treatment Efficacy Evaluation

On the first day of treatment efficacy testing, an atrcpine stock

solution was used as diluent in preparing an atropine/HI-6 admixed solt-tion.

HI-6 was weighed and dissolved in the atropine stock solution in a manner to

deliver 1.86 mg atropine free base and 460 mg HI-6 in 3.15 mL of solution.

Seventeen sheep were given various GO doses, selected by the study

statistician in colliboration with the study director. At one min after MO

injection, five of these sheep were treated with three MKI autoinjectors each,

seven were treated with three wet/dry autoinjectors each, and each of the
remaining five sheep was treated with three 3.15-mL injections via syringe of

the atropine/HI-6 solution prepared that morning. It was assumed that each

KXI Atropen injected 2 mg of atropine sulfate equivalents, and each wet/r y

autoinjector and each prepared atropine/HI-6 solution injection gave a d se of

2.2 mg of atropine sulfate equivalents. Based m this assumption, addf' lonal

Atropine sulfate in a 15 mg/mL commrcial solution was injected separatoly to

provide a total atropine sulfate treatnt dose of 0.5 mg/kg.

Following the first day of efficacy testing, a report on the

operational evaluation of the 4et/dry autoinjector was received from

'JUSMRiUMD."" 3  From this report it was determined that the average volum

delivered with the wet/dry autuinjector was 3.0S @L and the average atropine

dose of 1.86 mg was in atropine sulfate equivalents rather than atropine free

base as had been assumed. Therefore a new formulation of the atropine stock

solution had to be prepared and the mount of HI-6 to be added changed to

provide dosing day solutions containing 1.86 mg atropine sulfate equivalents

and 460 mg of HI-6 in a 3.05 mL volume. This did not change the total dose if

* HI-6 delivered, although It did decrease the total volume delivered by 0.3 L,

and did increase slightly the supplemental dose of atropine sulfate needed.

The increase in the supplemental dose of atropine was calculated, using the
corrected values for atropine content, for the seven sheep dosed with the

wt/jry autoinJector on the first day of efficacy testing to be I mg or

0,07 mL of the 15 mg/m. supplemental atropine solution. The body weight range

for these seven sheep was 66.8-17.7 kg, and the supplemental dose of atropine

was designed to deliver a total atropine sulfate dose of 0.5 mg/kg. Thus, I mg
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error in the dose in.ected in the lightest sheep decreased the total dose of

atropine sulfate delivered by 3 percent, and results of this error are

probably iiconsequential.

Procedures similar to those used on the first day of efficacy

testing were performed on the second day with only the atropirne/HI-6 via

syringe dose formulation being changed. After two days of efficacy testing, a

total of 14 sheep had been treated with wet/dry autoi,.,ectors, ten with MKI

autoinjectors, and ten with atropine/HI-6 via syringe. Although the estimated

LDs of treated sheep were approximately twice the LDW of untreated sheep,

there were no statistical differences (P < 0.05) between the 48-hr GO LOws

estimated for the treatment groups. As stated in the protocol, because there

was not a significant difference in LDw values, the USAMRICD Task Area

Manager and the Contracting Officer's Representative were contacted and

informed of these findings. As a result, it was decided to use an additional

treatment group: atropine administered via three MKI Atropens plus 1I-6 (a

total of 1,380 mg delivered via three syringes at a voluin of 3.05 ml. per
syringe) followed by the supplemental dose of atropine. On the third day of

efficacy testing, five sheep were challenged with GO and treated with

atropine/2-PA• from three MKI autoinjectors, five were cht)lerge4 end treated
with the HI-6/Atropen combination, and five sheep were challenged and treated

with three syringes, each containing the atropine/HI-6 adixture. All sheep
"were given the supplemental dose of atropine. The sawe treatment regimens
used on the third day of testing were also used on the fourth day of efficacy

testing.

After four days of testing, because the 48-hr GO LDus estimated for
the I41-6 therapies wer not statistically significantly greater than that
calculated for the atropinei2-PAM MKI therapy, an additional treatment group

was %dded to test the treatment efficacy of atropine alone (three injections

with 1.86 mg atropine sulfate equivalents per injection plus supplemental

atropine). On the fifth day of efficacy testing, of the ten sheep challenged,

five were treated with atropine alone and five were treated mith the MKI

autoinjectors. All sheep were given supplemental atropine. On the sixth and
final day of efficacy testing, the treatment efficacies of atropine/HI-6 given

by three wet/dry autoinjectors (4 sheep), equivalent doses of atropine/HI-6
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given by syringe (4 sheep), atropine/2-PAM given by three MKI autoinjectors

(4 sheep), and atropine alone given by syringe (S sheep) were compared. As on

previous days, all treatments werc given with sufficient quantities of

supplemental atropine to deliver 0.5 mg/kg body weight.

The treatment groups studied in this task, their abbreviated group

names, and number of animals tested in each treatment group are displayed in

Table 2. The results of treatment efficacy testing are presented in Table 3.

3.3.1 Statistical Analyses

I The statistical analyses of results of this study rely on a number

of assumptions. It was assumed that the probit model, with no background

2 3lethality, provided a reasonable approximation of the GO dose-lethality

response relationship, at least between the 10th and 90th percentiles. It was

3 also assumed that the slopes of the dose-response relationships for each group

of sheep studied in this task (Untreated, Atr/Syr, 2-PAN/MKI, HI-6/Syr,

* HI-6/Wit-Ory, and HI-6/Atropen) could be approximated by a single slope. It

* '~ was further assumed that the sheep were drawn from a single population, with

no drift In response over time. The absence of a time drift in response

perzits the use of a stagewise dose allocation strategy, as opposed to testing

all animals simultaneously.

3.3.1.1 Analysis of 48-Hr Lethality Data

Data from sheep given virtually no therapy in Task 88-38 and data
I from Task 89-06 were used to estimate the 48-hr GO LDOs for untreated sheep

and for treatments of atropine alone, atropine/2-PAM, and atropine/HI-6 with

13 different delivery techniques. A probit dose-response model in log GO dose

was fitted to the 48-hr lethality results for the six groups of sheep. This

model assumed that the dose-response relations for the six groups of sheep had

a commun slope but different intercepts. The historic data from Task 88-38

was Included to estimate the 48 hr-Go LDý, for untreated sheep, and to
increase the precision of the slope estimate, thereby increasing the precision

of the 48-hr GO Ll;, estimates for the other treatment groups. The parameter
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TABLE 2. TREATMENT GROUPS USED IN TASK 89-06

] Abbreviated Number of

Treatment Name Description of Treatment(') Sheep

Atr/Syr 5.6 mg atropine delivered by 3 syringes 10

2-PAM/MJI 6.0 mg atropine plus 1,800 mg 2-PAN Cl given 29
with 3 M1I autoinjectors

HI-6/Syr 5.6 mg atropine plus 1,380 mg HI-6 given admixed 24
in 3 syringes

NI-6/Wet-Ory 5.6 mg atropine plus 1,380 mg HI-6 given with 18
3 wet/dry autoinjectors

HI-6/Atropen 6.0 mg atropine given with 3 MXI! Atropens plus 10a 1.380 mg HI-6 given with 3 syringes

() Treated sheep received an injection of atropine sulfate to supplement
that given in autoinjectors or syringes to give each animal a total dose
of 0.5 mg/kg.

I
U

I
U
I

II
,,I
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estimates and results from fitting the common slope model to the 48-hr

lethality data are summarized in Table 4. The estimate of the comon slope is

9.61, with a standard deviation of 1.59. Graphs of the probit dose-response

J models estimated for each group of sheep based on the common slope model are

displayed in Figure 1.
"In addition to fitting a common slope model to the combined 48 hr

lethality data from the six groups of sheep, separate probit models were

fitted to each group. A hypothesis test of the adequacy of the common slope
assumption was performed by comparing the fits from the common slope and

separate slopes models. Based on the results of a log-likelihood ratio test,

the null hypothesis of a common slope for the six groups of sheep was not

rejected at the 5 percent significance level. While this does not prove that

the common slope assumption is correct, it does show that there is no evidence

in the data contrary to the common slope assumption.

The estimated parameters fro, the common slope model were used to

calculate the 48-hr GO LD, and protective ratio (PR) for each group of sheep.

3 For each group of treated sheep, the PR was calculated as the ratio if the

48-hr GO LDso estimated for the treated sheep to the 48-hr GO 0,g estimated

for untreated sheep. The estimated 48-hr GO LD50 and PR for each group of

sheep are presented in Table S. While the PRs estimated for 2-PAN/NKI,
14I-6/Syr, .4I-6/Wet-Ory, and HI-6/Atvopen were determined to be statistically

significantly greater than I (at the 5 percent significance level), the PR

estimated for Atr/Syr was determined to not be statistically different from 1.
Pairwise comparisons were conducted between the 48-hr GO LDJs estimatrd for

the five groups of treatird sheep. The results of the statistical comparisons

3 (at the 5 percent significance level) may be sumarized as follows:

3 The 48-hr GO LU, estimated for Atr/Syr with no oxime therapy was

determined to be significantly less than the 48-hr GO Ll$s
* estimated for 2-PAN/••I, HI-6/Syr, HI-6/Wet-Ory, and

HI-6/Atropen.

0 There were no statistically significant differences between the
48-hr GO LD,0s estimated for HI-6/Syr, HI-6/Wet-Ory, and

HI-6/Atropen.

- - "1
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TABLE 4. PAqAIEkTER ESTIMATES AND MODEL RESULTS FROM FITTING
COMMON SLOPE PROBIT DOSE-RESPONSE MODEL TO THE 48-HR
LETHALITY RESULTS FROM SIX GROUPS OF SHEEP

ID.pendent Variable
Non-Linear Lea;t Squares Summary Statistics (48-Hr Lethality)

S source DF Weighted SS Weighted MS

Regression 7 239,632.21 34,233.17
Residual 169 165.50 0.98
Uncorrected Total 176 239,797.12

(Corrected Total) 175 502.42
Sum of Loss 176.97

i Asymptntic 95 Percent
Asymptotic Confidence Interval

ParameterC') Estimate Standard Error Lower. UVper

81 9.61 1.59 6.47 12.74
801 - 2.38 1.32 - 5.48 - 0.27
802 - 3.17 1.62 - 6.37 - 0.03
003 5.62 1.-W -9.17 - 2.06
B04 - 6.00 1.86 - 9.67 - 2.33
805 - 6.28 1.93 -10.09 - 2.47
806 - 6.75 2.03 -10.77 - 2.73

(a) 81 is the estimate of the couwn slope.
801 is the intercept for untreated sheep from Task 88-38 and Task 89-06.
802 is the intercept for the Atr/Syr tre;ýted group.
803 is the intercept for the 2-PAI/MKI! treated group.

m 804 is the intercept for the Nl-6/Syr treated group.
805 is the intercept for the HI-6/Wet-Dry treated group.
8 06 is the intercept for the HI-6/Atropen treated group.

I
I
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While the 48-hr GO LDso estimated for 2-PAM/?IW was determined to

not be significantly less than the 4G-hr GO LD5 s estimated for

HI-6/Syr and HI-6/Wet-Dryw it was determined to be statistically

significantly less than the 48-hr GO L05 estimated for

HI-6/Atropen. The 95 percent confidence intervai for the ratio

of the 48-hr GO LDo estirtated for HI-6/Atropen "• the 48-hr GO

L(m estimated for 2-PAll/IWk was 1.03 to 1.68. 3ecause of the

large UmOer of statistical comparisons conducted at the

S percent siqnific.nce level, the statistical significance of

this result must be interpreted cautiously.

A second approach to conducting hypothesis tests was utilized to

determine if the 48-hr GO Lses were statistically significantly different for

the three Atr/Hl-6 treatments. This test was based on the asymptotic chli-

square distribution of the log-likelihood ratio test statistic. The resulting

valhe of the test statistic was 1.9. PRgarding 1.9 as a value fr= a chi-

square distribution with 2 degrees cf freedm, treatnents wort not

statistically diffarent at the 10 percent significance level. Therefore, the

data from the three HI-6 regiimens were combined into one group of animals, and

a Frm4t dose-response nmodl in log dose was fitted to four groups. This

wool assumed a to•oa slope, but different Intercepts for treatment groups:

Untreated, Atr/Syr, 2-PAf/M!I, and -141-. The estimate of the 48-hr GO LDs

for the combined HI-6 therapies was 14.7 pg/kg, with a 9S percent confidence

interval of 13.2 to 16.3 pg/kg. The estimated PR for the combined HI-6

therapies was 2.23 with a 95 percent confidence interval of 1.97 to 2.53. The

ratio of the 48-hr AO LU) estimated for the combined H1-4 therapies to the

48-hr GO LDq4 estimated for 2-PAM/1KI was 1.16, with a 95 percent confidence

interval of 0.98 to 1.37.

3.3.1.2 Analysis of 90-NMn. 4-Hr. and 10-Hr Lethality Data

While most of the lethalities observed In untreated sheep in Tasks

88-38 and 89-06 occurred shortly after GO exposure, less than half (22/57) of

the lethalities observed in treated animals occurred within 2 hr after GO

I,. ,l, .: ...
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j injection. Consequently. 48-hr lethality may not be the endpoint best suited
for discriminating between the efficacies of 111-6 and 2-PAN, and, therefore,
lethality at other tisepoints was also investigated.3 Probit dose-response models in log GO dose were fitted to the data
from the iii .3zu;i; of 7.~:.c u Jtp 90-min lethality and 4--hr lethality as

the measured response. These models assumed that the dose-response relations
for the six groups of sheep had a common slope, but different intercepts.

Upon analysis, however, there were strong indications of a lack of fit of the
common slope model for both 90-mmn lethality data and 4-hr lethality data,
i.e., the hypothesis of a common slope for the GD dose-lethal response
relationships of the six groups of animals at the:- time points was rejected

m at the 5 percent significance level. Further analysis indicated that the lack

*of fit for both the 90-man and the 4-hr lethality data resulted from a
shallower r'ope of the GO dose-lethal response relationship estimated for the
animals treated with HI-6 or 2-PAN than for the Atr/Syr or untreated sheep.

Time to death data were further examined. Figure 2 displays a plot
of the times to death for nonsurvivors in each group of sheep. Results

displayed in Figure 2 suggest that a lethality endpoint between 6 and 10 hr3 might be better suited for discriminating between the efficacies of HI-6 and

2-PAN. Furtherwmre, in lask 89-12, lethality at 10 hr had been found to be a
suitable endpoint for discriminating between the efficacies of 2-PAM and HI-6

in the treatment of GO intoxication in monkeys. Therefore, a probit dose-
response model in log GO dose was fitted to the 10-hr lethality data from the
six groups of sheep. Again, this model assumed that the dose-response
relations for the six groups of sheep had a common slope but different3 intercepts. Ten-hr lethality data are displayed in the seventh column of

*L Table 3, and parameter estimatos and results from fitting the comnmon slopeU model to this data are sumiarized in Table 6. The estimate of the common
slope is 8.64, with a standard deviation of 1.45. Graphs of the probit dose-

9 1 rtsponse models estimated for each group of sheep based on the common slope
model fitted to the 10-hr lethality data are displayed in Figure 3.11
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TABLE 6. PARAMETER ESTIMATES AND MODEL RESULTS FROM FITTING
COMM9ON SLOPE PROBIT DOSE-RESPONSE MODEL TO THE 10-HR
LETHALITY RESULTS FROM SIX GROUPS OF SHEEP

Dependent Variable

Non-Linear Least Squares Summary Statistics (10-Hr Lethality)

3 Source OF Weighted SS Weighted MS

Regression 7 192,903.85 27,557.69
Residual 169 159.46 0.94
Uncorrected Total 176 193,063.31

* (Corrected Total) 175 735.57
SSum of Loss 189.41

3Asymptotic 95 Percent
Asymptotic Confidence Interval

ParameterW' Estimate Standard Error Loer p

81 8.64 1.45 5.78 11.49
901 - 2.23 1.21 -4.62 0.16
802 - 3.88 1.55 -4.95 - 0.81
803 - 5.09 1.68 -8.41 - 1.78
804 - 5.38 1.73 -8.79 - 1.98
805 - 5.90 1.82 -9.49 - 2.30
906 - 5.84 1.87 -9.54 - 2.14

1(') 1 is the estimate of the common slope.
901 is the intercept for untreated sheep from Task 88-38 and Task 89-06.
802 is the intercept for the Atr/Syr treated group.
B03 is the intercept for the 2-PAI4/MKI treated group.
BG4 is the intercept for the HI-6/Syr treated group.
805 is the intercept for the HI-6/Wet-Dry treated group.
806 is the intercept for the HI-6/Atropen treated group.

1,
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In addition to fitting a common slope model to the combined 10-hr

-1 Jlethality data from the six groups of sheep, separate probit models were

fitted to each group. A hypothesis test of the adequacy of the common slope

assumption was performed by comparing the fits from the common slope and

separate slopes models. Based on the results of a log-likelihood ratio test,

j the null hypothesis of a common slope for the six groups of sheep was not

rejected at the 5 percent significance level. While this d:es not prove that

the common slope assumption is correct, it does show that there is no evidence

in the data contrary to the common slope assumption.

The estimated parameters from the common slope modo1 were used to

calculate the 10-hr GO LD and PR for each group of sheep. Fir each group of

treated sheep, the PR was calculated as the ratio of the 10-hr GO LDo

I estimated for the treated sheep to the 10-hr GO LO, estimated for untreated
sheep. The estimated 10-hr GO Lou and PR for each group of sheep are

displayed in Table 7. Estimated PRs were determined to be itatistically

significantly greater than I (at the 5 percent significance levw) for all

3 five groups of treated sheep: Atr/Syr, 2-PA4/MKI, HI-6/Syr, F T-6/Wet-Dry, and
HI-6/Atropen. Pairwise comparisons were conducted between t' . 10-hr GD LDos
estimated for the five groups of treated sheep. The results of the

statistical comparisons (at the 5 percent significance level) may be

summarized as follows:

9 The 10-hr GO Low estimated for Atr/Syr was deterwined to be

3 statistically less than the 10-hr GO LDs estimated for
2-PAM/MI, HI-6/Syr, HI-6/Wet-Ory, and HI-6/Atropen.

0 The 10-hr GO LD, estimated for 2-PAP/MXII was determined to not
be statistically different from the 10-hr GO LDs estimated for

HI-6/Syr, HI-6/Wet-Ory, and HI-6/Atropen.

0 There were no statistical differences among the 10-hr GD Lows

estimated for HI-6/Syr, HI-6/Wet-Ory. and HI-6/Atropen.

i
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A second approach to conducting hypothesis tests was utilized to

determine if the la-hr GO LDOns were statistically different for the three

Atr/HI-6 treatments. This test was based on the asymptotic chi-square

4i distribution of the log-likelihood ratio test statistic. The resulting value

of the test statistic was 1.6. Regarded as a value from a chi-square

distribution with 2 degrees of freedom, the three Atr/HI-6 treatments were not
statistically different at the 10 percent significance level. Therefore, the

data from the three HI-6 regimens were combined into onq group of animals and I

a probit dose-response model in log dose was fitted to four treatment groups.

This model assumed a common slope, but different intercepts for the following

groups: Untreated, Atr/Syr, 2-PAM/WKI, and HI-6. The estimate of the 10-hr

GO LD., for the combined HI-6 therapies was 17.1 Mg/kg, with a 95 percent

confidence interval of 15.3 to 19.3 I•g/kg. The estimated PR for the combined

HI-6 therapies was 2.49, with a 9S percent confidence interval of 2.17 to

'3 2.85. The ratio of the 10-K- GO LDs estimated for the combined HI-6

therapies to the 10-hr GO LD. estimated for 2-PAM/WKI was 1.6, with a 95
percent confidence interval of 0.97 to 1.38.

3.3.1.3 Analysis of the Times to Death

Because 48-hr or even 10-hr lethality may not be the best endpoint

for discriminating between efficacies of HI-6 and 2-PM4, times to death were

statistically analyzed. The objective of the statistical analysis of the

times to death was to determine if there existed a statistically significant

relationship between time to death and GO dose for the six groups of sheep.
Times to death for the animals studied in this task are displayed in

the last column of Table 3. Times to death were treated as right censored at
48 hr for animals that survived the 48-hr obs~rvation period. This means that

the time to death was not knomw but would have been greater than or equal to
the assigned value had the observation porita been longer. The natural
logarithms (In) of the times to death were modeled as a linear function of the

In GO doses for six groups of sheep. This model assumed that the

relationships between In time to death and In 0 dose had a common slope but

different intercepts. Parameter estimates and results from fitting the common

"slope model to this data are summarized in Table B. The estimated parameters

"K!J
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of the ln-ln regression model were used to predict the time to death at

2 times the estimated 48-hr GO LDO, of untreated sheep (13.2 pg/kg) for each

treatment. The predicted times to death at a GO dose of 13.2 pg/kg are

displayed in Table 9.

Statistical hypothesis tests were conducted to determine if the

predicted times to death at a GO dose of 13.2 •g/kg were significantly

different for the six groups of sheep. Based on pairwise comparisons of the

natural logarithms of the predicted times to death, the predicted times to

death at 13.2 pg/kg GO for Atr/Syr-treated sheep and untreated sheep were

determined to be statisticaily less (at the 5 percent significance level) than

the times to death at the sam GO dose predicted for 2-PAM/IWK1, HI-6/Syr,

HI-6/Wet-Ory, and Hl-6/Atropen treated sheep. While the predicted time to

death at 13.? pg/kg GO estimated for 2-PAN/MKI treated sheep WAs not

statistically different than the values estimated for each of the HI-6

delivery systems, it was less than the prditrted time to death for each HI-6

delivery system.

3.3.1.4 Analyses of Clinical Sians Data

The clinical signs of GO intoxication in the six groups of sheep

were also statistically analyzed. Because the current procedures used for

monitoring the presence of clinical signs have changed slightly from those

used in Task 88-38, only the 96 sheep tested In Task "9-06 were included in

the analysis of clinical signs. The objective of the analyses of clinical

signs was to determine if there existed statistically significant differences

between the onset and duration times of the sublethal responses for the

different treatments and delivery systems. Each animal was continuously

monitored for clinical signs of GO intoxication during the first 120 min

following GO injection, and at decreasing frequencies thereafter. Clinical

signs compiled for statistical analyses were onset and cessation times of

tremors, convulsions, ste-nal recumbency, and prostration. Annotated clock

times from the clinical signs observation sheets, and letter codws designating

the observation interval in which events were observed are given in Table 10
for time to death, and onset and cessation of tremors, convulsions, sternal

recumbency, and prostration.

/4
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TABLE 9. PREDICTED TIMES TO DEATH AT TWO TIWS THE UNTREATED
48-4R GD Li0 FOR SIX GROUPS CF SHEEP

3Preicted Tim to Death at 13.24") p/kg GD

Treatfmt 4 Estimt. (msi) 95 Percent C.I. (min)

Untreaetd 85 29 10 80
AtriSyr 10 122 25 592
N!-6/Syr 24 21=• 770 7,063
Nl-•wrt-Dry le 4,402 ii69 15,sa!I-4V/Atopen to 7,572 1.331 44,25

Ci) 13.2 pg/kg 0is 1 tims the estimted 48-hr GO LON of untreated sheep.
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( 37 The duration of the observition period used for incidence of tremors

and convulsions was 2 hr, and 48 hr was used for sternal recumbency and

prostration. Because of similarities in onset and cessation times cf sternali
recumbency and prostration for animals that died within 48 hr, these data were

not used for analyses and are not shown in Table 10. Onset and cessation

times for prostration were recorded for only four animals. All other animals

either did not become prostrate or died within 48 hr. Therefore, no

statistical analyses were performed on onset or duration of prostration.
Table 11 displays numbers of animals in various time categories for

3 time to death and time to onset of tremors, convulsions, and sternal

recumbency. For those animals that exhibited tremors or convulsions, the

* majority of onset times occurred between 0 and 15 min. B~cause of the large
num-ber of animals that died prior to (8 hr, the amount of data for onset of

sternal recu&•ncy was limited for each treatment group. The frequency counts

did not reveal any potential treatment group effects, and therefore no further

statistical analyses were done for times to onset of tremors, convulsions, or

sternal recubency.

The clinical signs selected for statistical modeling and analyses,

I therefore, were durations of tremors, convulsions, and sternal recumbency.
We" both onset and cessation times were noted, the duration in minutes was
simply calculated as the cessation time minus the onset time. Clock times

were not recorded for the cessation of tremors, so midpoints of the intervals
in which tremors were last observed were used to calculate duration of

tremors. If a clinical sign was not exhibited at all and the animal lived

throughout the observation period, the duration was set equal to zero. If a

clinical sign coemenced and continued throughout the remainder of the
observation period (animal lived), the duration was set equal to the end of

the observation period minus the onset time, right-censored. This means that
the actual value was not knomi but would have been greater than the assigned
value if the obseevation period had been longer. If a clinical s4gn commenced

S.4 and continued until the animal died within the observation period, the

duration was set equal to tMe length of the observation period minus the onset

time, right censored.

<1
Il
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"TABLE 11. SUMMARY OF ONSET TIMES FOR TREMORS, CONVULSIONS,
AND STERNAL RECUIBENCY

Number Number Time to Time to Tremors
Treatfent Survived Survived Treor.s Tremors Not Observed

Group N >120 mrin >48 hrs 0-15 min 15 mun-2 hrs in 2 hrs

U Untreated 5 2 2 S 0 0
Atr/Syr 10 8 1 7 3 0
2-PAN/MKI 29 22 12 26 1 2
HI-6/Syr 24 17 10 22 1 1
HI-6/Wet-Ory 18 13 7 18 0 0
iH-6/Atropen 10 9 4 7 0 3

Tim to Tim to Convulsions Time to
Treatment Convulsions Convulsions Not Observed Convulsions

Group 0-15 min 15 .in-2 hrs in 2 hrs Not Used(g)

Untreated 2 2 1 0Atr/Syr 2 1 6; 1

5 2-PAM/MKI E1 5
HI-6/Syr 16 0 60
Hl-6/Get-Dry 12 2 4 0
1H-6/Atropen 6 0 4 0

4i

Tim to Tim to Sternal Time to
Sternal Sternal Recumbecy Sternal

Treatment hcudbncy RecPmbency Not Observed Recumbency3 Group 0-15 sin 15 min-48 hrs in 48 hrs Not Used()

Untreated 0 2 0 3
Atr/Syr 0 0 1 9
2-PAMN/MI 3 2 7 17
11-6/Syr 2 5 3 14
Hi-6/Wet-Dry 3 1 3 11
HI-6/Atropen 1 0 3 6

fl)Values are not used due to death of animals within observation period.
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Regression models were fitted to the duration data for tremors,

convulsions, and sternal recumbency using duration as the response variable

and In GD dose and treatment group as the independent variables. For duration

of tremors and convulsions, regression models were fitted both to the data

from all the animals and to data only from animals that survived the two-hour

,J obvservation period (2-hr survivors). For duration of sternal recumbency, the

regression model was fitted to only the data from animals that survived the

48-hr observation period.

Table 12 summarizes the results for statistical models fitted to the

3 duration of clinical signs data. For each fitted model, the estimated slope

of the regression model and its standard error are displayed in the third

column of the table. Slopes determined to be statistically different from

zero at the 5 percent significance level are identified. A hypothesis test
was conducted for each fitted model to determine If there existed any

statistically significant differences between the duration times for the six
groups of sheep based oa the fitted eroie. Outcomes of the hypothesis tests

3 are shown in the fourth column of the table. The estimated paramters of the

regression models were used to predict the average duration time at a GO dose

of 13.2 fg/kg (two times the estimated 48-hr G3 LD% of untreated sheep) for

sich Imoup of sheep. The predicted group mems topther with 95 percent

confidence intervals are shoom in the last six columns of Table 12.

When models were fitted to the data from all the animals, the

estimated regression slope was significantly greater than zero for both

duration of tremors and convulsions. That is, duration of tremrs and
convulsions were predicted to increase with Increasing GO dose. Also, man

durations of tremors and convulsions showed significant differences among

treatment groups. Mean duration times were smallest for HI-6/Atropen, and

jman duration times for untreated sheep were more than twice as long as

treated groups.
When the regression model was fitted to the data from the 2-hr

"* survivors only, the estimated slope for duration of tremors was not
statisti:ally different from zero, but was still positive. The estimated

slope for duration of convulsions, however, was statistically significant when

the model was fitted to data from 2-hr survivors only. Therefore, duration
of tremors and convulsions were predicted to increase with increasing GO dose

K'.l I II •I
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when attention was restricted to 2-hr survivors. There were no statisti:ally

"significant differences among average duration times of tremors or convulsions

for the six groups of sheep based on the models fitted to 2-hr survivcrs.
However, the statistical power of this test may have been reduced due to the

smaller sample size of the 2-hr survivors. The relationship among treatment

4j group means was similar to the results based on models fitted to all animals:
mean duration times were shortest for HI-6/Atropen and longest for the

untreated sheep.

For duration of sternal recumbency, the estimated regression slope3 was negative, suggesting that duration of sternal recumbency decreases with

increasing GD dose. However, the large standard error associated with this
negative slope shows that this conclusion may not be warranted. There were no

statistically significant differences among the average duration times of

sternal recumbncy for the six groups of sheep based an the models fitted toU the data from survivors only. The confidence intervals for the predicted
group means were very wide and showed much overlap amn the treatment groups.
Overall, inferences for duration of sternal reicueacy were extremely limited
due to the small amount of data.

Results displayed In Table 12 indicate similar conclusions were

obtained from modeling the data frw -all the aniiuls Ld moedeling the data

frin the 2-hr survivors otnly. These results may be swimarized as follows:

(1) Durations of tremors or convulsions were positively related to
GO dose, with durations predicted to increase with higher GO
doses. This relationship was statistically significant for

jlurations of trmors and convulsions for all animals, and for
duration of convulsions for 2-hr survivors.

(2) Analyses of durations of tremors and convulsions from all the
IR animals revealed significant treatmmnt group effects. Mean

durations were shortest for HI-6/Atropen, and longest for the
untreated sheep. Though not statistically significant, this

same relationship was observed among the group means when the

analyses were restricted to the 2-hr survivors.
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V (3) Duration of sternal recumbency among 48-hr survivors did not
show any significant relationship with either GD dose or
treatment group. Inferences from these analyses were limited

due to the reduced saple size.

I 3.3.2 Pathology

I Necropsis were performed on 60 sheep. These necropsies were
conducted as soow after death as possible. No tissues from any animals in

i this study were preserved for histologic examimtion. Gross observations are
tabulated in Table I and sumarized in Table 2 of Appendix C. Treatment-

i related lesions consisted of mild to marked congestion and/or hmorrhage of
the lungs, heart, thymus, trachea, ad =mll Intestine. These lesions are
compatible with GO Intoxic2tiom, ad all deaths were directly attributed toI agent toxicity. Other misor gross les ies r nted, as indicated In the
tables, but these were Incidental to the GO adMinstratioe, and wre

* principally developmental changes or due to parasitism.

1 3.4 phars coingtic AL&

SlTwa_ IN delivey system for I..4 and atropine, nImely throt
hypodermic syringes or thre wetdry autoinjertors per sheep, were used to

deliveor doses of 1380 m of I-4 a&d 5.6 q of atropine sulfate equivalents to
each of eigt sheep In a cm• ver study. A crossover design balanced for
delivery system effects, test week effects, and residual effects was used itn
the experlmet and is presented in Table 13. sliod samples were collected
prior to testing and at 1, 2, 3, 4, S, 6, 8, 12, 15, 20, 40, 60, 80, 120, 180,

j 240. 300, and 360 mWs after injection. Plasma N1- and sr. atropine
cacetrattons measured for each animal at each time of sapling are presented
ia AppendIx 0.

On the first day of pharmacokinetic studies, several wet/dry
autoialectors failed to inject their contents, and sheep 92 received the

content. nf only two autoinjectors. These injector failures appeared to oe
due to a technician error because the autoinjectors did express their contentsI

I
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TABLE 13. TREATMENT SCHEDULE FOR P4ARKACOKiNETIC STUUIES

Animal Week I Week 2
10 oftwosingo of Dosing

23 Syringe Wet/ory

25 syring Wt/r

39 Syringe Vet/Dry

86 WetOrg VSyrng

92M Wet/Dry syringe

112 Wet/lry Syringe

I Set/O, Syringe

S14 Syr'*"e Wet/Dry

C ) Within week 1, animals 25, 140, 142 were dosed
an 6/25/90; animals 23. 39, 86 and 112 were
dosed om 6/26/90. Within wik 2, aimals 25,
92, 140. and 142 were iosed on 7/3/90; animals
23. 39, 86, and 112 we dosed on 715/90.

O Animal 92's treatamat of 6/25/90 was reeatedIan 8/1./90. For statistical amalysis purposes,
the week factor for the wtdry rmsalts was
treated as week 1.

I
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when the barrels were rotated at a later ties. One technician was relatively
inexperienced with the wet/dry autoinjectors and say not have rotated the

barrels sufficient prior to attutpted injection. Sheep 92 was reinjected at a

later date with three wet/dry autoijectors and bl3od samples obtained.

For each animal and delivery method, AKO,.M, C, and t. were

calculated from the empirical data. Area eWdr the blood concentration-time

curv between 0 and 360 minutes was camputekl by the trapezoidal method. C.
was presumd to be the maxima observed comcestration, and tý the time of

slaling correspoodin to tke miaximu concentration. In addition, for each
I combinatioe of animal ad delivery tachuique, H14 and atropine blood

concentrations were modeled as functions of time, using appropriate
Scompartmetal pharmacokinetic models. To determine the type of models which

best fit the data and t& estimate inittal ors seed" values for parameters of

that model, mea conceatratiom values as a fuactiem ef tim for all sheep with
both delivery metl•o d re grum e usag a p meal computer. Figures 4 and S
we graphs of modeled mem data for N14 ad •r•w , respectively. A one-
cmpartet model pvided the Weet fit fOr the H14 mme data. and a two-
compartment model best fit the atra•plm m data. Phanuecokinetic parameters

3estimated for -14 were Vv ke, ad 1 In the Mfelleimn siagle-compartment

Model :

Id_ .(Its 7. kJs

wkere CM is the H114 blood cercetratim a time t after dosing, and D is

the dose of 01-4 delyinve .
Pharmacokinetic parameters estimated for atropine were A, B, a, 8,

I and k. In the followaig tomt @@&Ie :

CM a A(e"et - eOkst) + l(e"t - e7kgt).

The blnod concentration over time data, for each animal and both injection

techniques, were transferred to Battelle's VAX mainfram computer for more,
precise estimatio of the parmeters of ofe- and two-compartment models for

_ i iiiII__ (II( I_ .. . .•
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HI-6 and atropine data, rtspectively. Parameter estimations were performed on

the VU using the Statistical Analysis System (SAS; Cary, NC) NLIN (nonlinear

regression) program. Additional pharmacokinetic parameters were then

calculated from the estimated parameters of the models Qnd statistically

analyzed. The set of pharmacokinetic parameters statistically analyzed are:

k, first-order rate constant for a.pearance of a drug in
the systemic circulation (mn" ),

- first-order rate constant for drug elimination by all
routes (min)n

AJCcý.w area under the drug concentration versus time curve
from t - zero to t - 360 min (pg of H8-6 * min/mL, or
ag of atropine * minl),

a peak or maximmi cemetratio. (pq of HI-6/aL, or ag of

a tim to . mm.. c.mcetration (min),

U a apparet "Ile of distribution of a drug that obeys
stmgl4-coumartmet kinetics, compted only for HI-4.I Il

a ovewll apparent VoiLm of distributiop of a dru that
obeys two-cowuwrmnt kinetics, as calculated by the
wo method, c ~ati only for atropina,(L),

a V,(k,,B) wdere V, D/A..

Pharmacokinetic parameters, as determined by modeling data for

atropine and 14-6 for each animal, are contained in Appendix D.
There were no observable signs of atropinization in sheep used in

pharmactkimetic sterile.. Popillary size and response to light at 20 min after

injection of atropine and HI-4 did not appear to be different than that

observed prior to injection. Pupillary response to light was slow and limited

at both time points. There was virtually no difference In hexrt rates at the

two observation tims. uscltl coordination and ambulation at 120 min after

Injection, whan sheep were removed from restraint, did not appear different

than that observed prior to re.traint.
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3.4.1 Statistical Analyses of HI-6 PhiArmacoklnetic Parameters

Phirmacokinatic parameters were statistically analyzed to determine
if there wore any effects due to type of delivery or week of testing, and to
assess the variability In the pharmacokinetic parameters among the animals.
Epirically derived values of the HI-4 pharmacokinettc parameters AM...,
Cm. and %= ar presented In Table 14. HI-I pharmacokinetic parameters
calculated from single-cacptment models are sheo is Tables 15 and IF.
Podal-bazeL estimates of AUCS., C., and t are plottid against the
Wivically determined values In Figures 6, 7, and 8. The plots demonstrate

that there exists a strong linear relationship between the model-based and
mpirically determined values of AUCO., and Ci. Correlations were comuted
betiten the empirically and model-based values, and correlations were
determined to be statistically different (at the 5 percaet significance level)
frm zero for all three parmeters. Correlations between the tWe sets of
"esti•atts ire:

Paramter i C-relation P-value

41!C,4  16 O.M @000
C.0 16 0.%4 0.0001
t c 16 e.'Yo~oo

Table 17 summrizes the resvlts of statistical amalyses aed
hypothesis testing for delivery technique, autm-t1-aliml, aW week of
testi•n vsaritýlity. The average values of the pharmacoktnetic parianers
estmetad for beth delivery techniques are sham in the secamd and third
colums of the table. leiecse the experiments were balanced for delivery
tehique. the standard errors of the averages are identical for both of the
ted. miqu4s. Th. staoda• error of the average pharmacokinet ic parameter for
beth Injection methods is displayed in the forth.k celmm of the table. For
each I-6 phareacokinetic parameter, a statistical hypothesis test was
por.•rmed to deter2ine if the iffect of delivery was statiat.,-ally
significant. The values of the F tests and their observed significance levels
are given in the !,xt two colum: of the tablo.
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I

I
TAME 14. MI-6 PHAJOWCKINETIC PARPJTERS

Cs, wW t. DERIVED"' FPOM EAPIARICN.IATA

Test Dal I very Ai~rI) tO
Animal Week System (Pg ) (097k) (air)

23 1 Syringe 3 9? 53.2 Z0.3
2 Wet/Dry 3.637 49,C 40.0

2S 1 Sry,.,e 2,104 23.3 40.$
2 wet/Dry 1,234 16.2 12.0

35 1 Syritnge 2,906 92.9 12.0
2 Wet/Dry 11440 19.3 20.0

2 SyrInge 2,44 30.6 12.0
1 wet/0ry 2,579 32.9 16.0

92 syrl?,i' ,qe 29-8.$ 20.0
X Wut/or, 3.072 35.4 20.0

112 Syringe ?,434 25.6 40.0I IVat/Dry Iw81 42.0 20.5
140 2 Syrae" 3,453 51.0 20.0

1 Mot/Ory 9!1 8.8 40.0

142 1 Syringe 3.155 36.5 16.0
2 Wet/Dry 2.678 31.9 16.7

WAX9A~swa~s calculat'-d from the observed HI-4 plasma concentration-time
curve using th trapezoidal method, C Is the maxiwm observed
concentration, and t Is the samlIng time corresponding to the maxima
observed w*centrat ion.

I
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TABLE 15. ,N-6 NAWAMAKIETIC PARAMETERS V., k,, kW
FROM4 OKE-COMPAE1'(UT PWIDEL

Delivery Test kr
Animal Tecui qe Wequ (win') I6)

23 Syrinp. 1 0.371 0.315 22.13
We/Dry 2 0.052 0.019 21.14

Z5 Syrinp 1 0.138 0.010 49.28
wet/Iry 2 0.112 0.0)7 60.14

39 Syv.•re 1 0.335 0.017 27.44
Wet/Dry 2 0.222 0.011 62.M

86 Syrn 2 0.146 0.016 34.77
•e ,• 1 0.261 0.014 36.36

2 Syri••e 2 0.173 0.012 39.67
Wet/2-y 1 0.201 0.013 32.33

112 Syring. 2 0.080 0.009 40.10
Weotiry 1 0.150 0.013 26.15

140 SyrInge 2 0.197 O.G16 23.76
UetJOry 1 0.026 0.020 65.36

142 Syringe 1 0.149 0.015 28.51
wet/Dry 2 0.247 0.013 37.62



59
e

I TABLE 16. HI-6 WPARACOKINETIC PARANETERS CALCULATED FROM
kg. k,4, MID Yd BASED 0N WEE-CCMPMRTME4T MODEL

Test Delivery AU 1 7 w~(m
Anml Week System (min

123 1 Syringe 4,154 S4.6 9.02etDy3.444 3S.7 30.4

25 1 Syrb ge 2.727 23.3 18.7
2 WeCry 1.350 16.4 19.8

39 1 Wimp 2.963 42.9 94
2 Wet/Dry 2,030 19.1 14.4

86 2 Syringe 2,463 30.2 17.0
1 W•et/ry 2.730 32.2 11.9

92 2 Syringe 2,761 28.3 16.4
1 Wet/Dry 3,302 3S.3 14.6

11.2 2 Syringe 3,667 26.1 30.8
1 WetDry 3,944 41.7 17.7

140 2 Syr'"*e 3,523 46.3 13.8
1 Wet/Dry 1.062 8.9 43.7

142 1 Syringe 3,280 37.5 17.3
2 2.828 31.1 12.6

4' I II

; ••i i j! "- : ', 'I, I I ! I
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'-• The component of variation due to the effects of the different
animals was estimated for each HI-6 pharmacokinctic parameter. The estimates

of the between animal variance components (cý are displayed in column seven

of Table 17. Nogative *stmates of the variances were reported as zero. To
assess the *anitu< imnimal-to-animal variability, the between animal
variance cmporoests :istically comared to the variance component
estimated for the vat : within animals (%I. Ratios of the two variance
copnents, &nd statis * tnificance levels for the between animal
variance COW6me"t are , ,n the eight and ninth columns of the table.3 For each pharmacokinetic , a statistical hypothesis test was
performed to determine if th4. •t .ct of week was statistically significant.
The values of the F tests and their observed significance levels are displayed

in the last two columns of the table.
Effects of delivery techniq., animal variability, and test week

were deotrvined to be statistically insignificant (at the 5 percent level) for
all of the mine 014 phe'ueokinetic paramters. Numevlcaly, the mean values
of the mpircal and mol-basd estimates of AC4 &Ad C., were somevat
greater for syringe delivery than for the wet/dry &utoinjector.

1•.4.2.' Statistical ,Analwvse of Atrogiwq, !•h,,rm-tokinetic Parmaters,

I Eprical valugs of the atropine pharackinetic parmters ALC.,

c.. and t. are presented in Table 18. Atropine pharacokinetic parameters
calculated fr= tw-comartmmt models are sh~ow in Tables 19 and 20. The
absorptiom rate constant, (k, was not able to be determined fron the3 Injectiom by syringe data for auimal 39. This wts the result of very rapid
absorptim of the atropine When delivered by syringe to this animal. The3 del-bmsiestiated k. value was so large that it was essentially

unquantiftable. This problem did not ap&ar to advcrsely affect, however,- the
ability of the pharacokinetic model to estimate the remaining parameters for

this animal.
SModel-based estimates of AUC,. Cm, and t% are plotted against

the empirically determined values in Figures 9, 10, and 11. The plots
demonstrate that a strong linear relationship exists between the model-based

4 II II I II . . . • , , ,, '
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TABLE 18. ATROPINE P KARNACOKZNFIC PARAMETERS AUCU.
"Cm, AND tm DE*•IVED FROM EMPIRICAL DATA4

Test Deli1very

23 1 Syringe 2.304 37.9 2.0
2 Wet/Dry 2.191 27.4 3.0

1 25 1 Syr'no 2.036 18.4 16.0
2 wet/Dry 1.574 13.5 124

39 1 Syringe 1.843 34.9 2.2
2 wet/DrY 1.533 19.6 3.0

86 2 Syring 1.768 24.0 12.0
1 wetry 1,937 29.5 2.0

92 2 Syringe 2.258 25.0 3.0
1 Wet/Dry 1.848 19.8 ,.0

S112 2 Syringe 2.029 17.Z 0.0
1 Wet/Dry 2.064 31.0 3.0

140 2 Syrine 1.839 33.1 2.03 1 WeDrY 1,263 11.8 20.0

142 1 Syri"e 2,621 31.3 12.0
2 Wet/Dry 2.246 26.6 3.3

(O)AUCow was calculated from the serum atropine concentration-time curve
using the trapezoidal method, Cm, is the maximm observed concentration,
and tL is the sapling time correponding to the saxism observed
coocentration.

I

-4
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TABLE 19. ATRPINE P0•KAM4AKINETIC PARAERS A, 8,I 0 p AND ke FROM Th0-COPAATMET IOOEL

Del i very Test k
Amlma System Wk A. B £ p (m -4)

23 Syringe 1 32.03 4.33 0.02S 0.003 ,.644
wet/Dy 2 274.50 13.29 0.413 0.006 0.475

25 syrInge I 15.1i2 1.9 0. 0.004 1.133
IWOy 2 11.96 3.S1 0.01o 0.003 0.298

39 Syringe 1 26.51 6.44, 0.043 0.004
vwet/y 2 1S.64 3.36 0.0M. 0.002 1.048

86 SyrInge 2 19.59 2.99 0.019 0i.002 1.572
Wet/Dry 1 25.00 3.26 *.02 91002 1.941

92 wyrte 2 20.24 4.24 0.01.6 0.00.3 .5
tfetiry 7 14M~ 4.44 0.016 0.004 21.311

1112 Syri ge 2 11.70 5S36 0.011 0.004 0.335
NetDry 1 20.17 4.24 0.01* 0.003 1.031

1140 Syr"*g 2 28.37 4.40 0.035 0.003 1.22.6
WWetDr 1 -60.40 75.85 0.005 0.005 0.09

142 Syrng 1 141.30 1.4.05 0.061 0.006 0.120
wet/r 2 23.13 4.69 0.019 0.003 2.753

1 C8Olt was mot possible to adequately enstimate k. tarm the data collected
duo to raid absorptiom of atropine.

N
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TABLU 20. ATROPIE PHARJACOKINETIC PARAMETERS CALCULATED FROM
A., 3.,p, AND iO BASED 01 TrO-COWPARTMENT MODELSI

Test Delivery kw AUC 17

23 1 Syr1ia" 0.013 2.23 33.7 3.0 709
2 et/DWry 0.020 2.094 17.8 6.9 70

25 1 Syringe 0.008 2,041 1G.0 4.5 590
2 Wet/ry 0.007 1.561 12.9- 12.9 992

39 1 Syriage 0.014 1,851 32.9 0.0 638
2 Wet/Dry 0.006 1.532 17.3 4.7 1159

86 2 Syrim"e 0.010 1,712 21.3 3.1 1038
1 Wet/ory 0.011 1,91 2m.7 2.7 973

22 2 SyrliRg 0.009 2,198 22.7 5.0 729
1 Wet/Dry 0.009 1.810 18.7 2.4 7026

112 2 SyrInpe 0.007 2.010 15.0 11.8 594
I WetDry 0.010 2,041 22.6 4.6 713

140 2 Syriage 0.013 1,311 U8.9 3.8 855
I Wet/Dry 0.007 1,991 11.9 29.7 502

-142 1 SyrInge 0.021 2,5S0 28.4 17.6 1292 WeWtDry 0.010 2.193 26.8 2.0 660

ms ,IIH I I I -



68

00

+ 0 .

I~0*

Q~ *0

+ *+

*~+4

• 'l+4

a; +4

jI
r . .... .

psaip~



69

00

V-

+x

0.0

L-w

)V-jopea m



0@

0@

*0
*0

El~~ x 8
Ix

CH

a~sve mao



71

ý-o•rically Ieternnet values of . and C.n, Correlations were

c;-:.ted between tle cnpirical and model-based values of these parameters, and

correlations were zetermined to be statistically different (at the 5 percent

significance level) from zero for all three paraueters. Correlatlons

calculated between the two sets of estimates are:

Piaraniter n Correlation P-vilge

AUC,._34 16 0.994 0.0001

Com 16 0.9.8 0.0001

to" i6 0.719 0.0017

Statistical proceduses utilized to analyze the atropine

pharwacokinetic parameters are analogous to those emloyed to analyze the NI-6

estimates for all parameters except kI. The un•watiflable k, value for sheep

39 was treated as right-censored at 3.0 min*'. This means that the It value

is not knom but would have beeu greater than ir equal to the assigned value

if it had been able to be estimated. This apreack allowed a analysis of

variance on 16 k values, ome of which was treated as rlght-cemsored. The

prsncu of i'i-p,sred Oata, %isavw, required specialized program

.oloying maximu ii|likd mthods rather than least squan techniques to

perform the analysis of variance. Therefore, test statistics assessing the

slgificance of effects on the I parameter have as apprextimat cht-square

distribution instead of the F distribution emleyed for the other parameters.

Hypothesis tests were conducted for each pkhaurcokinetic parameter

to determine the statistical sigimflcance of effects of delivery techniqase,

animal, and week of testing. Table 21 summarizes the results ef statistical

analysis and hypothesis testing for injectios technique, &416l1ito-tAtaal, and

...- k af teit!" var1•a•'b ty. Wiile the effects of delivery were dter,'!d.* to

be statistically inst3niticaut (at the S aercent level) for all of the

pasrsecokinctic parameters, they wore marginally significant for the aeirical

%tj meodel-based estimates of AUC.Mo (P-0.07 and P4.08, respectively'.

* t.'~iericaily, tn *an va'jti of the eavnirica, arid baeA¾A
A,,.e ~and ', were soeuwhat greater for syringe delivery than for the

.wt cry ai?, T Te betteen animal variance component was ceter-'!'v.,4 tO

te statistcally significant for the empirical and edel-based estimates or

-- - = • - • = - " 4. . -- -• L
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"A"U4. nhe variation in pharmacokinetic paraeters ever the two weeks of

testing was deteumined to be statistically insignificant for all paramters.

W0 Inhibition of ome•eMC and eel s ACE activity data are presented

in Figure 12. The Ieve of AChE activity in samples from ten different sheep

and from a siagle eel ACh preparation vas examined at CO concentrations

ranging from 0.10 Ai to 8.33 M.. The average O concmetration vd.ch produced

50 percent Inibition of stSC AChM (ICO) after 5 mi. at 23 C was 1.75 nH

(Table 22). This was three-fold higher than the 1CM for eel AChE. uWich was

I esttmtei to be 0.M a.
Data o the mot of 114 reacttvation of evim ACK at 23 and 37 C

am presorted In Figure U as a smi-logarlthmic plot. The average log
percent reactivation value for each tim point ws used to construct the plot.

The average slope d Intercept value frm the regression analyses performd
W, tte 100*14*1 SUMP lsg percent rawtivatiom versus Iucubatiom tim data

tir s a" isTaa ble 23. $ttlsat cal aaiysis of thes data Ildicated

Ssigniticawt differece (P < O.OS) In the Caps and Intercept values of the
23 C and 37 C data. The y-lntercept (the estivated percent of AE that cma
be reactivated by 114 at tim zero) and slope values ware significantly less
(P < 0.0S) at 3 C than at 23 C. Takigthe Iverse lq f the y-Itmrcept

show that at tim zero there Is ". and 70.5 percent reactivation of, AM by
1-4 at 23 and 37 C. respectively. The moe ,negative slope value tained at

37 C Is Indicative of a faster rateof agigthan ws bserved at 23 C. These
data are not surprising in that the aging rate of cyclobeptylsethyl-
phosphonylated beviee RK A has been show to Increase as the reactionh i tmpereto re itcroases.M'

Table 24 pvesents estimtes of time reured to obtain various
* levels of aging of GO-inhIbited ovine AChM at incubation temperatures of 23 C
Sand 37 C. Fifty percemt af ACM activity appears to have aged after 3.2 sin

or S.4 sin of incubation at 37 and 23 C. respectively. This Is a 2.5-fold
diffeace in a-i at the too teeperatsure. Twety perrent of the
'O-Inhibitel ACM activity could be reactivated by M1-4 at 11.6 sin at 7 C

Wad 22.6 ain at 23 deree• C.

I
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TA&LE 22. ESTIJATWAN OF THE QO aCOCITATIOU WEQUIRfA TO INI5IT
OVIN AM BY FIFTY P(EXOT (ICS) AT 23 C

343 1.90
34 1.22

439 1.93
23 1.81
31 1.80
a 1.72

MM 1.75

4 W he 4..ereI4. (Y4v1.6) is used to solve tug
)o -61Ve the WI.i of parvet imbibiton.

Tinad dwl hops, (0) walm m d y-lercqW (3vairns were NOW 1 thins calculatio. gEelt(

4M an~btted am 1C veto of 0.86 do Go.
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TAKLE 23. SLIAY OF TH4ESLOPE AIQ Y-INTERCEPT VALUEý

.$OP Y -INTERCEPT

23 C 37 C 23 C 37C

"MEA 4.028 -0.04700 1.935 1.9404~3m' 0.004 0.006 0.033 0.031
sm 0.001 0.002 0.009 0.010

-; tim" NW mdY-atswclt Value" aiaert ge
dcrved ftm fedivl~ul rressiom a4ly~s" of
0$1,4 WiA Of bl"~ S"l~ fvM tM difftrftt Sba9.

Wt4fqm~ft-m23 C value at ps0.05.
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TABLE 24. ESTIMATION OF GO-AMhE INCUBATION TIME
FOR VARIOUS AChE REACTIVATION VALUES(s)

cD-AChE INCUSATIO@.
IA" GW WM 3 NTE

NEXTIVATION 23 C 3?

10.0 33.4 18.0

3~.4 :16.4 7.9
.011.9 5.2531.0 8.4 3.2

G0.s 5.6 1.5
70.0 3.2 0

Li LaEquatt: Y *X *1*.

33 Ct
I ~s 10
a7.1.1 14/04

4ta~mlea 7C
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Th estimation of the GO 48-hr LLj. in the population of sheep used

to this study did not differ statistically f-n the 6.6 pg/kg predicted In a
previous task, and this value was accepted as the Lasm in this study.

jStatistical aaalysis of traitmt eficacy data demostrated that the 48-hr GO
LOse of sheep treated witA atropine alons (7.1 pg/kg) was signfficantly le*s

Stha the 48-hr GO LD~s estliated for sheep traated with atropine/2-PAN
(12.7 pg/kg) or at"oImN-6. There ere no statisttcal differences In LD),s
of sheep treated with atropine/141-6 wihe using wet/dry autoinjectors
(IS.0 pg/kg), syringes (14.0 pg/kg), at Atropeas amd syringes (16.7 pg/kg).3 While the 484-h GO LOU estizited for sbep treated with atropine/2-PAN was
not sigsIficantly loss (a. the 0.05 level) tkau the LD.As of sheop treted
with atrupieMI-4 using syringe or wet/dry autsiajectors, It was marginally
diffent than the LO, for sAep treated witk atreptue/t1l-4 using Atropos
and syringes. Sinc atreptso/I-4 treatmts using varies delivery
t4chniques Mrs "et statistically difforeat, the data was Combined for the

Umi dl14 ieiiye*vy Usw anW Q 45-40 GO Ma~ 0f 1.7 Ag/kg MSa oStUIm*d3fter 1~41- tjeat*d sheep. Usiag this valme, tke PR for atrapivo/N1-4 treatment
was 2.23 with a 95 pee t omfi4oe e inter•al of 1.97 te 2.53.

Analysts of mortality data at 10 hr following iajectiam of GO led to

stmilar ros4alts in that the GO L% estiatod for sheep treat*J only with
aLWteUpi was less the for atropi•m/2-PUS or atreploo/141-4 treated sAee*.
Tere Mrs e sijulfica•t differmjeca to Mies of sAe treated with
S atroples/W-4 eue to the uso of differet t•joction techniques, and there were

V no significaat differences In LDws of atroIme/2-P0AN treated sheep and
atroime/Ni-4 treated sheep. Predicted time to death at 2 X 48-4r GO LM ofI metreated shee (13.2 pg/kg) were significantly less for sheep treated only
with utropine thee for atrepine/Z-PM and stropitn/NI-4 treated sheep. Tims
to dvath for atropnie/Z-PAH and atropino/Ni-4 treated s•ep were not
"significantly different, alth4mgh predicted times wre numerically larger for
atrPime/HI-4 tretted sheep.

In the modeling of signs of GD lmtoxicatioe, durations of tremrs
and convulsions wro positively related to GO dose, with durations increas..,

2



with higher GO doses. This relationship was statistically significant when

data from all sheep was modeled and was also significant for duration of

convulsions when data only from 2-hr survivors was modeled. Analysts of
j ~durations of tremors Wn convusions from all sheep revesald significant

treatmunt group effects. Nean durations were shortest for HI-6i/Atropen and
longest for the untreated sheep. Thoeob net statistically significant, thi s
siam rationsbip was obsrved #AMo the group maiss when data were restricted

3 ~to 2-hr survivors only. Duratics of sternal recismocy amon 48hr survivors
didJ not show amy significant relationship with either 0) dom or trea~inmnt

P.4 group although ixhfremc~s were limited due to the reduced samle size.

No unusual paithologic findings were noted. Observations of sheep
for clinical sipns of atroplnization daring phavnacokinatic studies yielded no
Infoomation of significance.

Bsued on smlyse of 1114 sod atropime pkaimmacakinetic parameters,
theire weire me statistically significant diffugaces between the two injection
techniques. Nomrically. smea vlNes of the emirical and umael-basod

3 e~stimtats of MIX n md Cm were smiat peat. far syinge isjection than
for the wet/dry notoisjecter for both 1114 and atropine.

T"ash mu at of sitow red blood call MbE Is highly dependent uwm
%bue W-AChM imco~otlia. tompenurst . Under the conditions used, fifty percent4
of sheep MC AM appears to &" by 3.2 Ws. at 37 C mi~d by 8.4 sin at 23 C.

Twenty percent ef 0-inhibited sheep MC AM& comid be reactivated by 111-4 at
11.6 sin whea imcubated at 31 C ad at 23.6 sit whom incubated at 23 C.

Of the 104 aluop used Is Task ",U 15 an'lvai at time MU on
3/6/n and the remainder arrived so 4/10/10. L16, " treatniont officacy
studies were conducted betwee 3/14/10 and 6/13/9t. Pharuecekimetic studies
were conducted between 6/211/14 and $/IS/"O. Records pesiatmirg to the conduct

ofthese studies awe coartained to Battelle laberater record Looeks wLIch are

spcfcfor this task. These record books are clearly laoeled as to contents2of each vel m. These recods and the fimal report will be maintained at the
MREF until acceptAnce of the final repers by the U.S. Army. At tkat tine,
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records will be forwarded to the U.S. Army or archived at Battelle. Unused
autoinjectors have been returned to their manufacturer or to USAI4RIC).
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Determination of the Efficacy HI-6 and Atropine
as Oelivered by a Wet/Ory Autoinjector or by Syringe

in the Treatamet of Soman Intoxication in Sheep

Study performd by Battelle Memorial Institute
505 King Avenue. Columbus. Ohio 43201-2693

1. Program Manamer: Garrett S. 01l], M.Y.H.

2. Study Oirector: Carl T. Olson, O.V.M., Ph.D.0

3. Veterinarian: PIter L. Jepsen. Q.V.N.

4. Statistician: Amaal 6. lnmt. Ph.D.
5. Pathologist: Allan V. SlIser. O.Y.N.

6. psr: U.S. ArV Rmadical aksrck and Dvelo nt Cammd (USAKO)
7. ft uitor- WJ Jame 2. Stewart. Ph.D., U.S. A;y ftdfcal %nsvrch

[atituft of Chmuical Defense (VUWI•2)

8. Objectisq: The ox i1-4 giva Is comjunction witt atropin apphars to
b4 iiost effective treatmet of pinacolyl m.thyllposphcoofl ioridate
(Smom; G1 ) Intoxicatim available. The efficacy of WI-6 against, GO has
bow repeatedly dmestrntid is a variety of anmim•ls, including rodeots.
rabbitz, dogs. a admm primates. A major obstacle to the developmeet
SNI-6 for mrilitary use Is Its owkd instability In solutio. current
U.S. Arm anctnoactor syft~mm paka all copmt im solution. An
effort mmderway to Amieap delivery device. a wU/d autoinjector,
which will allow patckqi of W1-6 in its stable, crystalline form. Tw
co•m•nes have newrly completed developmnt of system which allow the
packaging of -14 in dry fai until just prier to use. In these systems,
141-6 is rapidly solvated by a solution of atropine sc that within a mater
of laconds the mixtors of atropine and HI-6 can be injected. Since
r admte shelf life (ý3 yr) ca be expected for 111-4 ile in a dry form,
the ow of a wWd a,,toinjector apears absolutely critical to the
su ssful fielding of this am a erve• agent antidote.

No in vivo studi have been ported that document the wedryaut5ioTWor concept as valid for an mergecy ntidote approach for ntrve
aqet intoxication. SubstatLial differences exist betieen the
er.;erinntal administration of previously prepare4 solutions of atropine
plus 11-6 given by syringe and the proposed aduiniltration of the drugs
using a wet/dry autoinjector. The important potential problems .ith a
wet/dry autoinjector dWlive"ry include:
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Any measurable delay in the adniniscratizr. of nerve agent antidote
because of the required solubilizatioa time for HI-6 say result in
Uitrapetitic failure. Tice to treatlat bcomes zritiral once signs of
nerve agent intoeicatias are msifetsted.

An atypical dispersion pattern of 'Jhe acixed solutiorn in ci:sue may
msrtedly alter the absa#ption of the antidote ciepcnents. Tne design of
the autoinjectors is such that the tissue cispersion pattern of the
injected material cannot be sibulAted in the laboratory with the use of
syringes. This atypical pattern has bwm howt to alter the

rmwcokinetic behavior of atr•pie tio cca•p•rod to conv•rtional
injection methods.

A relatively small deliverable dose of 4I-6 !ue to a amal), tfixed volume
capcity of the atoinjactor ay be Inadequata. Although tit data base
for Il-I sUsts efficacy against GJ intoaxcartfo, vir•u4lly all
sttdies have beow dam Is mall animals (< LO kl) at rviatively la"g
dom (20-200 mykg). As packaged in avwlibie autoinjectors. the dos
of tN4 to a 70 l am ranes fron5.7to 7 .1 •/kq W injection. It
is 'sot cawrtain that kh14 Cis PM iprova4d Sirviva~tlity +,w vido-cedy~'~d~ -Wtiv*t tio "erwtifl fitiied• derve agwst anti, tot YvjiW

wm its ise is cmwstrelm4 by wf @•.lct'n afti/or d€tri'ie
isI d*eratioe3.

The atjectiwe of this task are to:

* DOtermine efficacy of troateamt of GO intoAication in sheep with
atropine and HI-4 etivered intrimtscularly (IN) by wet/dry autoinjectov
coared to delivery by cosvmntiosal hyp•ormwic syringe.

C opre effi'cacy of strepiaa/I-. deivered by wet/dry autoinjector to
the effic-acy of atropi•e ples pralidoxime chloride (2-PAV) delivered by
the " (ING) astoljector In preventinq the effects of GO
istoicatioa In sheap.

g. F~z~9wkmntal DOesiqe:

A. Test Systim

(1) Animals - "Seep are used for this study because of their krcwn
response to organ"oophate (OP) chemical surety materiel (CS"4).
and because at similarities with am in body weight. Experiments
are conducted in a sta"-wise fashion to limit the number of
animals us*d to the mirlma necessary to achieve statisticafly
valid results. Shee" are held for up to 48 hr following exposure.
at vuich tim survivors are eath4antized by the injection of hign
concentrations of peetobarbital sodium. Discomfort and injury of
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animals are limited to that which is unavoidable in the conduct of
szientifically valuable research. If, in the judgement of the
Study Director or the Study Veterinarian, a sheep appears to be in
a moribund state and in pain, that animal will be euthanatized.
However, since animals moribund during the first 24 hr following
OP exposure have been observed to fully recover, no animals will
be euthanatized during this period. Anesthetics, analgesics, or
tranquilizers for the relief of pain or anxiety cannot be used in
these studies because they would interfere with the biological
effects caused by the challenge agent or test compounds. External
stimuli and muanipulation are minimized to decrease any associated
anxiet%

Protocols of all experiments using animals are reviewed and
approved by Battelle's Institutional Animal Care and Use Committee
(IACUC) prior to initiation of the study. The Program Manager
accepts responsibility for the proper care and use of animals in
the conduct of research described in the protocols.

Sheep are serologically Q-Fever negative, mature wethers obtained
fromt Thomas 0. Morris, Inc. (Reistertown, MO) or another similar,
approved source of research animals. Sheep are shorn, as
necessary, to improve their comfort in an indour environment.

(2) Weight - Initial weight of sheep will be 60-80 kg.

(3) Quarantine - Sheep are examined by a veterinarian upon arrival.
Blood samples are drawn for complete blood counts and fecal
samples are ottained for parasite infestation evaluation. Sheep
are held in isolation end observed for signs of cliihical illness

I for at least 7 days prior to ase in a study.

(4) Selection - Animals selected after quarantine are in good physical
condition. Sheep are weighed, and, based on weight, randomly
assigned utilizing a program (AMRAND) written at Battelle for use

on personal computers, that assures homogeneity across groups. A
maximum of 95 sheep will te used in this efficacy study.

1 (5) Animal Identification - All animals are tagged in the ear to
retain posftiie identification during handling and observation.

I (6) Hcusing - Sheep are group housed in an outdoor fpnced area with
available shelter. Prio- to experimentation, they are brought
into the laboratory and maintained as small groups in animal

holding rooms. At the time of experimentation, they will be
placed in slings to which they have been acclimated.
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(7) Lighting - Sheep are group houoed in an outdoor fenced area prior
to experimentation. When they are moved into experimental areas,
fluorescent lighting with a light/dark cycle of 12 hr each per day
is used.

(8) Temperature - Maintained at 70 : 10 F in indoor areas.

(9) Humidity - Maintained at 50 : 10 percent in ioldcor areas.

(10) Diet - Sheep are fed Purina Rumilab Chow and a limited amount of
hay. If necessary to maintain or increase body weight, a higher
energy feed such as a mixture of cracked corn, alfalfa pellets and
molasses may be lbcally procured and fed. No contamiinants that
would interfere with the results of the scudy are known to be
present in the feed.

(11) Water Supply - Water is supplied from the 3attelle West Jefferson
water system and given ad libitum during quarantine and holding.
No contaminants that u-Td affect the results of the study are
known to be present in the wter. Water is analyzed for
imurities on an annual basis.

(12) Battel'e's Animal Resourcts Facilities have been registered with
the L.S. Department of AyriCuitvre (USA) ai a Research Facility
(Nur•tbe 31-21) sijlca Aaqust 14, 'i967, and are pericdically
inspected in accorvance with the provisions of the Federal Aniiaal
Welfare Act. In addition, animals for use in research are
obtained only from laboratory animal suppliers duly licensed by
the USDA. Battelle's most recent statement of assurance regarding
the Department of Health and Human Services (ODiHS) policy on
humane care of laboratory animals was accepted by the Office of
Protection from Research Risks, National Institutes of Health on
July 29, 1986. Animals at Battelle are. cared for in accordance
with the guidelines set forth in the *Guide for the Care and Use
of Laboratory Animals* (DHHS Publication No. (NIH) 85-23) and/or
in the regulations and standards as promulgated by the
Agricultural Research Service, USDA, pursuant to the Laboratory
Animal Welfare Act of August 24, 1966 as amended (P.L. 89-544 andP.L. 91-579).

(13) On January 31, 1978. Battelle's Columbus operations received full
accreditation of its animal cere programs and facilities from the
American Association for Accreditation of Laboratory Animal Care
(AAALAC). Battelle's full accreditation status has bee.i renewed
after every inspection since the original accreditation. The MREF
is a part of the facilities granted full accreditation.

I



I

HREF Protocol 53
medical Research and

Evaluation Facility
AugL'St 8, 1989

Page 5

8. Test Mdterial

(1) Treatment CompuLnds - Treatment compounds, atropine, and 2-PAM,
contiined in MKI anthiote injection systems and atropine and HI-6
contained in wet/dry autoin3ectors as well as additional HI-6 are
provided by USAMRiCd. Conercially aat!able injectable atropine
sulfate solutions are purchased for use as supplemental atropine
in efficacy studies. Sufficient numbers of each injection system
from the same lot are provided so that sheep can be injected to
perform efficacy experiments against GO challenge.

(2) Chemical Agents - GO is suppliee by USAMRICD. Purity, appropriate
identificatiec (batch number, lot number, state), and stability
data are supplied by USANRIC0. Purity and stability of agents
stored at Battelle are periodically confirmed by Battelle
personnel using analytical chemistry techniques and standards
provided by USAROC.

(3) Surety, security, and safety procedures for the use of OP chemical
agents are thoroughly outlined in facility plans, in personnel
requirements for qualification to work with CSM, and in standard
operating procedures (SOPs) for storage and use of CSM.

C. Test Gruu,ý - E perixents are carried out in two distinct phases. The
first phase is to estimate a 24 hr GO LO,, in this population of
sheep. Priae experimentation in MREF Task 88-38 established the 24 hr
GO LDw in sheep at approximately 6.5 jsg/kg body weigAt. Sheep are
given IM injections of GO at doses established by statisticians using
only a few sheep a day in an up-and-down design. Using a common slope
model (i.e., using the slope determinel for the dose-response
lethality curve fjr GO determined in MREF Task 88-38), an LDs, is
estimated by a probit onde'. A statistical hypothesis test is then
condu,.ted to deterzine if the two LDs are similar. No more than
10 sheep are used in this phase. If after five or more sheep have
been dosed, the estimated LDO is within the 95 percent confidence
limits of the LDo obtained in MREF Task 88-38, the LO estimated in

MREF Task U3-38 is accepted as the LOs* for sheep in this study. The
mean onset time (MOT) of clolinergic signs of OP intoxication in sheep
given GO LOD doses or greater is estimated.

Phase two is accomplished to coapare the GO intoxication treatment
efficacies of atropine/HI-6 given by 3 wet/dry autoinjectors,
equivalent doses of atropine/HI-6 given by syringe, and itrcpine/2-PAM
given by 3 MKI autoinjectors. Treatments are gi-en at the MOT
determined ii phase one or at a time selected by the Study Director
and the UiA•RICD technical contact for this study. The dose of
atropine is augmented via syringe to provide 0.5 mg of atropine

S. . !I••
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sulfate equivalents per kilogram of body weight. Experiments are
conducted in a stagewise fasnion, using only a fe" sheep in each
treatment group per day, to determine the LO, for each group. The
LOws and slopes of the dose response curves are com-pared after each
stage to determine ary significant differences in efficacies of
therapy. A maximum of 25 sheep in the atropine/Hii-6 via syringe and
atropine/2-PAM (MKI) treatment groups are used. A maximum of 35 sheep
are used in the atropine/HI-6 via wet/dry autoinjectar group. Since
this atropine/HI-6 group LDO will be compared to both the
atropine/HI-6 by syringe LDs and the atropinei2-ANl MKI autoinjector
LD0,, the power of statistical comparisons is increased by dosing
additional sheep in this group. If significant differences
(a of 0.05) in treatment ifficacies is determined with fewer sheep,
experimentation will cease at that time. if after a minimum of 10
sheep in each of the three groups have been challengea and treated
there is not a statistical difference in LDO vaiues of atropine/2-PAM
and atrmpine/HI-6 treated sheep, the USAMRICO Task Area Manager and
Contracting Officer's Representative are consulted and a caurse of
further action planned.

0. Study Preparations - Animals are held in a pen and acclimated to a
sling at the MREF prior to use. Each sheep is weighed within 24 hr of
intended use. Anesthesia is not used since it wo"ld affect the
occurrence of clinica: signs of OP intoxication.

E. Injection of Challenge and Tredtment Materi4is . Aiiwls are
restrained in slings at the time of dosing. Dosing of eyenmt3 concentrations of GýD will occur at tht face of an acpraved hood, with
no more than 2 me inj-cted at any site in the caudal muscles of the
right thigh and with no more than two injection sites. Treatments are
given in the antcrior lateral muscles of the left thigh with a I inch
or more separation of injection sites.

F. Observations - Sheep are observed for signs of GO intoxication,
including muscle fasciculations, tr.mors, convulsions, excessive
salivation/bronchial secretions, and prostration, as feasible, for
48 hr following GO challenge. Animals are closely observed for signs
of intoxication for the first 2 hr following agent challenge, and then
at decreasing frequency for the remainder of the 48-hr observation
period. Any signs observed and tho time of onset are recorded as
feasible.

lJ
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G. Disposal of Experimental Aniials - Animals dying on study are
necropsied and gross lesions recorded. After necrupsy, remains are
incineratad. Sheep still alive at the end of the 48-hr observation
period are euthanatized and cremated. No tissue sample collection is
performed.

10. Statistical Aoroach: Estimates of the GD dose-24 hr lethal :-esponse
rýeations for uu in sheep given atropine/HI-6 via wet/dry aut-injector are
compared with those of sheep given atropine/HI-6 by syringe c atropine/
2-PA•l by MKI autoinjector to determine if significant differences
(P < 0.03) exist between efficacies of the treatments. Sheep are used in
a stage-wise design to minimize "he number of animals used to determine if
significant differences exist. Two parameter probit dose-response models
are fitted separately to each treatment group by means of maximum
likelihood estimation to predict the relation between probability of
lethality within 24 hr and 0 dose. Cc~parison of the three treatments is
accomplished by testing for significant differences in estimated LOses
and slope values obtained for the treatments. Based on these
dose-response fits, estimates of the LOU dose level and slope and
associated 95 percent confidence intervals are made for each treatment.
If statistically significant differences (P < 0.05) between injection
systems dre detected with fewer animals than the established maximum,
ezperimentation ctAes at Uhat timne.

The incidence or recovery from sublethal responses, such as convulsions or
prva'tration, are statýisticallyanalyzed, as feasible, to determine
differences in inciaence or severity of efftcts in sheep treated
differently.

ii. Records to be Maintained:

A. CSM accountability log and inventory

B. Preparation of reagents and dosage administration

C. Animal response data

0. Experimental parawueter¶ and test conditions

E. Confirmation of disposal

12. Opnorts:

A Draft Final Report will be prepared and submitted for review to the
USAMRDC COR within 60 ,workir7 days after ccs !et.on of the task. It 0i61'

inclade cne following:
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A. Signature page for key study individuals and their responsibilities

8. Experimental design

C. Animal supplier

D. Test animal selection criteria

E. Test material description and preparation

F. Clinical observations

G. Tabulation of response data

H. Statistical methodology

I. Discussion

A Final Report that addresses the review comments of USAMAOC will be
prepared and submitted withir 30 working days of receipt of ccmments.

13. Approval Simnatures:

Carl 0 . Olson. Ph...

Study Director

I Garrett S. Oil], D.V.M. Date
Program Manager

Peter L. Jeiin, D.V.M. Date'
Study Veterinarian

Ronald G. Menton, Ph.D. Date
Statistician

It
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JJamnes .STe.tew.art,'. Oate
USAYRICO COR

amonaA.Mayer,'BS. DtManager, liy Assurance

Ann .arker•, p /. Gate
Vic yr aesi d ient
Hea "h and En'ýi•e nt aroup
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Cetermiiaton of thie Efficacy of HI-6 and Atropine as Delivered by a Wet/Dry
Autoinjector or by Syringe in the Treatment of Soman Intoxication in Sheep

Protocol Amendment No. 1

Change: Page 4, Section 9.A.(B).

Temperature will be maintained at 65 t 15 F in indoor areas.

Reason: Change is made to be consistent with MREF SOP C-08-4, April 1989.

Impact on Study: None.

Change: Page 4, Section 9.A.(9).

Relative humidity will be maintained at 50 2 20 percent in indoor
areas.

] Reason: Change is sade to be consistent with MREF SOP C-0U-4, April 1989.

Impact on Study: None.

Carl T.0Oson, O.V.M., Ph.D. rate
Study Director

LT D..n W./ oat&*

Oat.C
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Determination of the Efficacy cf HI-6 and Atropine
as Celivered by a Wet/Dry Autoinjector or by Syringe

in the Treatment of Soman Intoxication in Sheep

Protocol Amendment No. 2

Change: Page 5, Section 9.C.

"Treatments are given at the MOT determined in phase one or at a time
selected by the Study Director and the USA14RICO technical contact for
this studv." is replaced with "Treicment injections are given as
simultaileously as possible at I nin after GD injection.*

Reason; Time and orthod of injection were requested by MAJ Ja.zes R. Stewart,
USAJ14ICJ.

Impact on Suudy: hone.

Sgtudy Director

LTC 5on W. Korte, Oate
USAMRICD CDR
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Determination of the Efficacy of HI-6 and Atropine
as Delivered by a Wet/Dry Autoinjector or by Syringe

in the Treatment of Soman Intoxication in Sheep

Addendum 1

After sheep have been dosed with GO, and 14 treated with atropine and HI-6
using wet/dry autoinjectors, and 10 each treated with either Mark I
autoinjectors or atropine and HI-6 by syringe, there is no statistical
difference in the LO s of GO between treatments, although the estimated LOW1 S
are more than twice that of sheep given no therapy. As described in the W.
protocol, the USAMRICD Contracting Officer's Representative (CCR) and Task
Area Manager (TAM) were consulted when this occurred. As a result, additicn,!
treatment groups will be used. This may include similar groups given the same
treAtments by separate injections of atropine and HI-6 (i.e., not admixed) or
different treatments such as increased or decreased levels of atropine to
determine if efficacy of the HI-6 changes, or treatments of atropine alone
without an oxime to determine any changes in LOws. This should help
delineate effectiveness of HI-6 in treatment of GO toxicity in sheep.

Carl r. Olson. O.V.M., Ph.D.
Study Director

LT W Ko Date
USAMRICO COR

An
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Determination of the Efficacy of HI-6 and Atropine
as Delivered dy a 'wet/Dry Autoinjector or by Syringe

in the Treatment of Soman Intoxication in Sheep

Deviation: This protocol specifies sheep will be held in rooms with a
temperature range of 50-80 F and a relative humidity of
30-70 percent. Conditions in animal rooms are recorded twice daily
using a hand-held combination thermometer/hygrometer to obtain
temperature and relative humidity readings. The relative humidity
recorded in rooms in which sheep were held during the efficacy
phase of the experiment ranged from 29 to 77 percent. Excursions
outside relative humidity ranges specified in the protocol were
reported to a maintenance engineer and adjustments of humidistats
miade.

Impact on Study: Temperature and relative humidity ranges recommended for
sheep are not specified by the National Institutes of Health
in their Guide for the Care and Use of Laboratory Animals
(NIH Publication No. 86-23, Revised 1985). The short-lived
ezcursions outside relative humidity specifications stated in
the protocol should have no impa,-t on the validity of the
study.

Carl . Olson, O.V.M., Ph-.D Nate
Study Director

LC Don W. Korte, jrM.S. Date k..
USAI4RICD COR
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Oetermiriation of the Efficacy of HI-6 and Atropine
as Oelivered by a Wet/Cry Autoin~jector or by Syringe

4 in the Treatment of Soman Intoxication in Sheep

Protocol Amendment No. 3

Change: Page 5, Section 9.C.

*The first phase is to estimate a 24 hr CO LDL, in this population of
sheep.* is changed to read OThe first phase is to estimate a 4.8 hr GO
LD,, in this population of sheep.'

Page 7, Section 10.

*Estimates of the GD dose-24 hr lethal response ......... is chianged to
read 'Estimates of the GO dose-48 hr lethal response ........

Reason: Sheep are being held and observed for 48 hr, and to be consistent
with statistical analyses performed in previous tasks, it is

4 advisable to base analyses on 48 hr rather than 24 hr mortal ty.

Im~pact on Study: This should create no effect on the performance of the study
other than the data analyzed. In previous experiments in
sheep, there has been virtually no difference in 24 hr and
48 hr GD LDw values.

Carl T. Olson. M.V.1., PhD.Dte
Study Director

M Don W Korteý'§.r. Date
USA.MRICO CCR
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Compari:on of the Phamracokinetics of HI-6 and Atropine

as Delivered by a Wet/Dry Autoinjector or by Syringe

Study performed by Battelle Memorial Institute
505 King Avenue, Columbus, Ohio 43201-2693

1. Program Manager: Garrett S. Dill, D.V.M.

2. Study Director: Carl T. Olson, O.V.M., Ph.D.

3. Veterinarian: Peter L. Jepseii, D.V.M.

4. Statistician: Ronald G. Menton, Ph.D.

5. Sponsor: U.S. Army Medical Research and Development Command (USAMRDC)

6. Sponsor Monitor: MAJ James R. Stewart, Ph.D., U.S. Aray Medical Researchj Institute of Chemical Defense (USAMRICG)

7. Obiective: The oxim, HI-6 given i'n conjunction with atripine appears to
b th- ! .•ost effective treatment of pinacoly! methylphos'hcnofluoridate
(Sc,6n; CD) intoxication available. The efficacy of HI-6 against GD has
been repeatedly demonstrated in a variety of animals, including rodents,
rabbits, dogs, and nonhuwan primates. A major obstacle to the development
.ýf HI-6 for military ue is its marked instability in solution. Current
U.S. Army autoinjector system. package all components in solution. An
effort is underway to develop a delivery device, a wet/dry autoinjector,
which will allow packaging of HI-6 in its stable, crystalline form. Two
companies have nearly completed development of systems which allow the
packaging of HI-6 in dry form until just prior to use. In these systems,
HI-6 is rapidly solvated by a solution of atropine so that within a matter
of seconds the mixture of atropine and HI-6 can be injected. Since
adequate shelf life (> 3 yr) can be expected for HI-6 while in a dry form,
the use of a wet/dry autoinjector appe'-s absolutely critical to the

successful fielding of this oxitne as a nerve agent antidote.
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INo in vivo studies have been reported that document the wet/dry
auto-Tnjector concept as valid for an emergency antidote approach for nerve
agent int~xication. Substantial differences exist between the
experimental administration of previously prepared solutions of atropine
plus HI-6 given by syringe and the proposed administration of the drugs
using a wet/dry autoinjector. The important potential problems with a
wet/dry autoinjector delivery include:

Any measurable delay in the administration nf nerve agent antidote
because of the required solubilization time for HI-6 may result in
therapeutic fdilure. Time to treatment becomes critical once signs of
nerve agent intoxication are manifested.

An atypical dispersion pattern of the admixed solution in tissue may
markedly alter the absorption of the antidote components. Tha design of
the autoinjectors is such that the tissue dispersion pattern of the
injected material cannot be simulated in the laboratory with the use of
syringes. This atypical pattern has been shown to alter the

pharmacokinetic behavior of atropine when compared to conventional
injection m*thods.

The mjor objective of this task is to compare the pharmacokinetics of
HI-6 and atrocine when delivered by a wet/dry autoinjector to those when
atropine dnd H!-6 are delivered by a conventional hypodermic syringe. A
second objective is to determine the aging rate of GD in sheep
erythrocytes (RBCs).

8. Experimental Cesign:

A. Test System

S(1) Animals - Sheep are used for this study because of previous
studies on the pharmacokinetics of atropine and HI-6 in this
species ind because of similarities with man in body weight.

Protocols of all experiments using animals are reviewed and
approved by Battelle's Institutional Animal Care and Use Committee
(IACUC) prior to initiation of the study. The Program manager
accepts responsibility for the proper care and use of animals in
the conduct of research described in the protocols.

2 Sheep are serologically Q-Fever negative, mature wethers obtained
from Thomas D. Morris, Inc. (Reistertown, MO) ;r another similar,
approved source of research animals. Sheep are shorn, as
necessary, to improve their comfort in an indoor environment.

I (2) Weight - Initial weight of sheep will be 60-80 kg.

H'
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(3) Quarantine - Sheep are examined by a veterinarian upon arrival
Blood samples are drawn for complete blood counts and fecal
samples are obtained for parasite infestation evaluation. Sheep

S', are held in isolation and observed for signs of clinical illness
•a for at least 7 days prior to use in a study.

(4) Selection - Animals selected after quarantine are in good physical
condition. Sheep are weighed, an!, based on weight, randomly
assigned utilizing a program (AMRANO) written at Battelle for use
on personai computers that assures homogene'ty across groups.
Eight sheep will be used in this pharmacokinetic study.

(5) Animal Identification - All animals are tagged in the ear to
retain positive identification during handling and observation.

(6) Housing - Sheep are group housed in an outdoor fen~.ed area with
available shelter. Prior to experimentation, they are brought
into the laboratory and maintained as a small group in an animal
holding room. At the time of experimentation, they will be placed
in slings to which they have been acclimated.

(7) Lighting - Sheep are group housed in an outdoor fenced area prior
to experimenvttion. when they are moved into experimental areas,
fluorescent lighting with a light/dark cycle of 12 hr each per day
is .'sed.

(8) Temperature - Maintained at 70 * 10 degrees F in indoor areas.

(9) Humidity - Maintained at 50 i 10 percent in indoor areas.

(10) Oiet - Sheep are fed Purina Rumilab Chow and a limited amount of
hay. If necessary to maintain or increase body weight, a higher
energy feed such as a mixture of cracked corn, alfalfa pellets and
molasses may be locally procured ind fed. No contaminants that
would interfere with the results of the study are known to be
present in the feed.

(11) Water Supply -Water is supplied 'rocu the Battelle West Jefferson
water system and given ad libitum during quarantine and holding.
No contaminants that wo-Td affect the results of the study are

known to be present in the water. Water is analyzed for
impurities on an annual basis.

(12) Battelle's Animal Resources Facilities have been registered with'1 the U.S. Oepartmc~nt of Agriculture (USOA) as a Research Facility
(Number 31-21) since August 14, 1967, and are periodically
inspected in accordance with the provisions of the Federal Animal

4 I
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Welfare Act. In addition, animals for u;e in research are
obtained only from laboratory animal suopliers duly licensed by
the USEA. Battel;e's most recent statement of assurance regarding
the Department of Health and Human Services (DHHS) policy on
humane care of laboratory animals was accepted by the Office of
Protection from Research Risks, National Institutes of Health on

1July 29, 1986. Animals at Battelle are cared for in accordance
with the guicelines set forth in the 'Guide for the Care and Use
of Laboratory Animals' (DHHS Publication No. (NIH) 85-23) and/or
in the regulations and standards as promulgated by the
Agricultural Research Service, USDA, pursuant to the Laboratory
Animal Welfare Act of August 24, 1966 as amended (P.L. 89-544,
P.L 91-579, and P.L. 99-198).

(,13) On January 31, 1978, Battelle's Columbus operations received full
accreditation of its animal care programs and facilities from the
American Association for Accreditation of Laboratory Animal Care
(AAALAC). Battelle's full accreditation status has been renewed
after every inspection since the original accreditation. The MREFis a part of tho facilities granted full accreditation.

2B. Test Material

Tre.at-ient ioounds - Treatrent compounds, atropine and HI-6,
contained i, wetidry autoinjectors as well as additional HI-6 and
atropine in the forms present in autoin~ectors are provided by
USAMRICD. Sufficient numbers cf the wet/dry injection system from the
same lot are provided so that sheep can be injected 4o perform
pharmacokinetic experiments.

C. Test Groups

Sheep are given atropine/HI-6 IM with either three wet/dry
autoinjectors or equivalent amounts with a conventional syringe.
DOsages delivered by syringe will be in the sam formulation as In
autoinjectors and quantities of atropine and HI-6 based on average
autoinjector dose as determined by USAMRICD. Concentrations will be
specified in an amendment to this protocol and veriiied by HPLC
analysis. After a minimum one week washout period, the same sheep are
injected again using the injection technique not used originally. On
each day of experimentation, an equal number of sheep will be given
HI-6 and atropine by each of the two injection techniques. A total of
eight sheep are given atropine/HI-6 with both injection systems. At
times after injection of approximately 1, 2, 3, 4, 5, 6, 8, 12, 16,
20, 40, 60, 80, 120, 180, 240, 300, and 36C min, blood samples are
taken from the jugular vein, either through an indwelling catheter or
by using a syringe and needle.

rb
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Sheep will be observed for signs of atropinization, including
"-J pupillary size and response to light, ambulation when removed from

slings, and changes from preinjection heart rate at approximatelyJ 20 min after injection.

Blood samples are analyzed for atropine and HI-6 concentrations. HI-6
concentrations are neasured by Battelle using high performaiice liquid
chromatography (HPLC) analyses and a standard HI-6 curve prepared from
known concentrations. Atropine analysLs are conducted at Battelle

4 using radioimmunoassay techniques.

When atropine and HI-6 analyses are completed, blood concentrations as
a function of tisne, maximum concentrations, times to maximum
concentrations, area under the blood concentration-time curves,
absorption and elimination rate constants, and volumes of distribution
are estimated. Statistical analyses. ai described in Section 9, are
performed to determine if any significant differences exist betwcen
values as a function of the injection system.

D. Study Preparations

SAnimals are held in a pen and acclimated to a sling at the MREF prior
to use. Each sheep is weighed within 24 hr of intended use.

E. Estimation of GD AgIng Ratt in Sheep M3Cs

Estimation of the GO aging rate in sheep erythricytes will be
accomplished in vitro. Sheep RBCs will be incubated with a dilution
of GO for varT-ous-"Tengths of time and the ability of HI-6 to
reactivate icetylcholinesterase (AChE) will be measured using an
automated analysis as described in MREF SOP-88-46. RBCs from
approximately 10 sheep will be analyzed to determine varability in
aging rate.

g. Statistical Approach:

lharmacokinetic parameters measured for atropine/HI-6 administered by the

wet/dry autoinjector system are compared to those obtained for
atropine/HI-6 administered by syringe to determine any significant
(P < 0.0S) differences. Responses will be ana'yzed using two-way
crossover design analysis of variance techniques or t-tests.

10. Records to be Maintained:

A. Analyses of atropine and HI-6 in injection systems

B. Analyses of atropine and HI-6 in blood

]

41
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.Experimental ýarareters. test conditions, and observations for signs

of atropinzation

0. Parameters and results of GO aging experiments

1I. Reoorts:

A draft final rtport vill be prepared and submitted for review to the
UISAMRDC COR within 60 working days after receipt of all analytical
results. It will include the following:

A. Experimental design

B. Animal supplier

. Pharmacokiuietic and statistical methodolngy

0. Discussion of results.

A final report that addresses the reviow comments of USAHROC will be
prepAred and submitted within 30 working days of receipt of comments.

!,Z. Aý "'-rv•| -Siqratu.'eS:

Car .-Ol-son, O.V.M., Ph.D. Nate
Study Director

Si . o Oil]. O.V.R. Date "

Program Manager

f CtPTE --.
P eter L. .V.M.
Study Veterinarian

Rnal!d G. r(enton, Ph.. Dae) Statistician

]
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j ~AJames_~ Scem'art, DhD ate
USAMROC COR

Cakona A. Mayer, Fa t -eAA

Bar , Ph.D. Dat

Vice £~~dent
Health ano Environment Group

IN
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Comparison of the Pharnacckinetics of HI-6 and Atropine as

Delivered by a Wet/Ory Autoinjector or by Syringe

J Protocol Amendment No. I

Change: Page 4, Section S.C.

I Concentration of atropine free base will be approximately 0.59 mg/ML
and co•centraticn of HI-6 will be approxitiately 145.94 mg/mL in a

i total volume of approxiaately 3.15 mL.

Reason: U.S. Ar-.y Institute of Chemical Defense has analyzed Astra Wet/Dry
autoinjector contents and reported a volume delivered of 3.15 mL

0( o.11) with 1.86 mg (1 0,07) atropine free base and 459.7 mg
i 9.86) HI-6.

Impact on Study: There is no impact of this amendment on the study. The
protocol stated that concentrations of these compounds for
use in the study would be specified in an amendment.

I (7L•' .,____.-___,•,•t
N-FTr. 6 r 51.~i
Study Director

0? s o
LCCon W. Korte, V., Ph.D., D.A.3.T. Date
USA•?RICD COR
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Ccnparison of the Pharmacokinetics of HI-6 and Atropine as Delivered by a
Wet/Ory Autoinjector or by Syringe

Protocol Amendment No. 2

Change: Page 4, Section 8.A.(8).

Tecperature will be maintained at 65 1 15 F ini indoor areas.

Reason: Change is made to be consistent with MREF SOP C-08-4, April 1989.

Lmpact on Study: None. I
Change: Page 4, Section 8.A.(9).

Relative humidity will be maintained at 50 : 20 percent in ind.oor

areas.

Reason: Change is made to beconsistent with HREF SOP C-Ga-4, April 1989.

Impact on~ Study: None.

CarT Olson, D.V.M., h.O. Data
Study Director

LTC Don W. Korte, D.ate
USA•IRIC0 COR
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%Coparison of the Pharnacokinetics of HI-4 and Atropine
as Celivered by a Wet/Ory Autoinjector or by Syringe

Protocol Amendment No. 3

Change: Page S, Section 8.0.

I"Each Sheep is ýveiyhed within 24 hr of intended use.* is replaced
with "Sheep will be randomized for treatment such that body weight
w11 not bias vth data.'

Reason: Weigning sheep imiediately prior to each study is unnecessary since
each animal will ba givei both treatments in a cross-over design.
Injections will he given in a random fashion as designed by a
ý,taistician in order to Ireclude effects of day of injection on
ph>ýracokinetic ramer'.

Impact on Stuoy: None.

I

Ci Fr.--MMT, -5t7ý ate
SStudy Dire.tor

I0
I USAMRICO COR

I
I
I g

I
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Comparison of the Pharmacokinetics of HI-6 and Atropine
as Oelivered by a Wet/Dry Autoinjector or by Syringe

Deviation: This protocol specifies sheep will be held in rooms with aIStemperature range of 50-80 F and a relative humidity of Q
30-70 percent. Conditions in animal rooms are recorded twice
daily using a hand-held combination thermometer/hygrometer to
obtain temperature and relative humidity readings. The relative
humidity recorded in rooms in which sheep were held during the jpharmacokinetics phase of the experiment ranged as high as j
81 percent. [cursions above the relative humidity range
specified in the protccol were reported to a maintenance engineer
and adjustments of humidistats mide.

I •,
Impdct on Study: Teuperature and relative humidity ranges recorwnded for

sheep are not specified by the National Institutes of Health
in their Guide for the Care and Use of Laboratory Animals ,
(NIH Publication No. 86-23, Revised 1985). The short-lived
excursions outside relative humidity specifications stated
in the protocol should have no impact on te validity of the
s ~udy.

Carl T. Olson, O.•V.M.'I h.0.' Date.... . .. ,:

Study Oirecto:.'

- /SýC7 90
n . rte, •, .S. Date

USAM4RICV COR

Akk.
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Comparison of the Pharmacokinetics of 111-6 and Atropine
as Delivered by a Wet/Dry Autoinjector or by Syringe

Deviation: Protocol Amendement No. 1 specified concentrations of atropine and
HI-6 In solution to deliver desired doses to sheep in
pharmacokinetic studies. 0 rior to the start of pharmacokinetic
studies, an error in the " tformation was detected. The atropine
Sdose of 1.86 mg is an atropine sulfate equivalent dose rather than
an atropine free base dose. The 460 mg dose of HI-6 is correct,
but the volume of injection should be 3.05 rather than 3.15 mL.

impact on Study: Because chinges were made prior to the start of the
pharmacokinctic study, the solutions prepared should mimic
the doses %elivere! by wet/dry autoinjectors and allow for
direct comparison o( the different injection techniques.

Study Dirc-'tor

LTC fon W. Korte, JUj M.S. Date
USAMrICD CUR

46
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]I/IT. SCOPEJPURPOSE:

^he purpose of this Standard Operating Procedure (SOP) is to describe a
,(adioitmunoassay method employed in the determination of serum atropine

SJ sulfate concentraticns.

III. REFEIRENCES;
j

1. '::'rzburqer, R. J., Miller, R. L.,' Boxenbaum, H. G., and S. Spector.
1977. Radioimmunoassay of Atropine In Plasma. J Pharmacol Exp
Th'rap 203: 435.

2. Kradjan. W. A., Smallridge, R. C., Davie, R., and P. Verma. 1985.
At:ropine Serum Concentrations After Multiple Inhaled Doses of
Atropine Sulfate. Clin Pharmacol Therap 38: 12.

m IV. DEFINITIONS: None

V. PROCEDURES:

Preliminary Tasks

t A. Preparation )f Phosphate Buffered Saline (PBS), pH 1.S

1. Combine the following compone, ts to prepare I liter PBS (10 m3 Na2HPC4 , 150 mM NaCl), pH 7.5:

\ Na HPO4  1.420 orams
Nail 8.766 grams

\ distilledwater 980.0 ml

2. Adjust the pH to 7.5 with 0.1 N HCI. Bring the volume to
1000 ml with distilled water.

3. Store PBS at 1-90C. The PBS is stable for a period of one
month from the date of preparation.

B. Preparation of Saturated Ammonium Sulfate

1. Combine the following reagents to prepare 500 ml saturate:
ammonium sulfate:

S(NH )so5 257.6 grams
disti'lled water 500.0 al

I °i

S- • , m i i :i 1 I I "" II I '1 P 'I '•'-AP
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12. Do not adjust pH. Store at 1-g9c. This reagent is stable for
a period of one month from date of preparation. Prepare at
least ý4 hours prior to use.

C. Preparation of E0 percent Saturated Ammonium Sulfate

1. Combined the following reagents to prepare 500 ml of 50 percent
saturated a=moniam sulfate:

(NH') SO 128.8 grams
Sdistilled water 500.0 ml

2. Do not adjust pH. 'Store at 1-9'C. This reagent is stable for
a period of one month from the date of preparatiori. Prepare atJ ieast 24 hours prior to use.

D. Preparation of NH-Atropine Sto:k Solution

1. 3H-Atropine is preparedA' in PBS, pHl 7.5 at a concentration of
approximately 4000 CPM/20 pl. This material is aliquoted and
stored at -70 (: 5)*C. The labeled atropine is stable for a
period of one year.

2. Thaw a fresh aliquot daily. Dispose of the leftover material
at the conclusion of the experimcnt accoraing to Battelle SOP
tor disposal of radioactive materials.

E. Preparation of Primary Atrnpine Stock Solutior

1. Prepare a 1.0 mg/ml solution of atropirri sulfate in PBS,
pH 7.5. Weigh a minimum of 10.0 mg at.•opine sulfate. Mix
thoroughly and aliquot. Store at -70 (,t S)*C. The material is
stable for a period of one year from the date of preparaticn.

F. Preparation of Rabbit Anti-Atropine Antisera Stock

1. The correct concentration of rabbit anti-atropine antisera mill
be deterained in preliminary testing. The stock antisera is
stored as 30 a] aliquots at -70 (± 5)*C. Dilute the antisera
to the proper concentration in PBS, pH 7.5. Prepare the
diluted antibody fresh daily. Leftover material way be fr--'.
and used for repeat analyses performed within a period of fve.
days. Thereafter, dispose of the diluted material.

G. Normal Serum

1. A stock of normal serum obtained from the same species as that
of the serum samples being analyzed will be aliquoted and
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stored at -70 (a 5)C. The frozen stock is stable for a period
I of one year.

42. Aliquot(s) of ncrmal serum are thawed freshly on the assay day.
The serum is used undiluted in the assay. Unused material may

iJ be frozen and used on a subsequent test day.

I H. Test Samples

ii 1. Test samples are stored at - 70 (i 5)0C.

RIA Set Up (Day 1)

1. Prepare atropine sulfate Stocks A and B fresh daily from a
freshly thawed aliquot of the Primary Atropine Stock solutionI as follows:

* a) Combine 10 1I Primary Atropine Stock + 90 #1 PBS; • ~ (Dilution 4)

b) Combine 10 4I Dilution a + 990 jl PBS (Dilution b)
c) Combine 250 #1 Dilution b * 750 a] PBS (Stock A)
d) Combine 10 js1-Dilution b + 990 j&I PBS (Stock B)

2. Dispose of the leftover Primary Atropine Stock as well as
leftover atropine Stocks A and B and Dilutions a and b at the
conclusion of the RIA set up.

3. Prepare Stock C by combining 1.0 ml Stock A with 1.5 ml cf
normal serum derived from the same species as the sera under
analyses. The volumes may be modified proportionately in order

* to produce the correct volumes for larger or smaller
experiments. Dispose of the unused material at the end .f the

Iday.

4. Prepare Stock D by combining 200 al Stock A with 2.3 ml rcrmal
sera derived from the same species as the sera under an*.vses.

lI The volumes may be modified proportionately in order to ;---:are
4 I the correct volumes for larger or smaller experiments. :4s:ose

of the unused material at the end of the test day.

A 5. The RIA procedure is set up as described on the attached f:r=
S\ entitled "Atropine Sulfate Radioimmunoassay Tube Setup".II!! Reagents are aliquoted to 12 x 75 mm polystyrene RIA tutes in

order from left to right as indicated in this form.
4 - /

6. Upon adding all reagents, vortex each tube 5-10 seconds.

I7 . Incubate the tubes 20 (a 1) hours at 1-90C.

,I
>1
!I
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8. Prepare the total counts control by adding 20 ;l 3H-atropine to
each of two 20 ml scintillation vials. Add 10.0 ml Hydrofluor
and 1.0 ml distilled water to each vial and mix.

Completion of RIA (Day 2)

1. Add 0.5 ml 1OG percent saturated ammonium sulfate to each RIA
tube. Vortex for 5-10 seconds. Incubate for 30 minutes at
1-90C. Centrifuge at aoproximately 2800 RPM (1550 x g) for
30 minutes at room temperature (RT). Carefully Aspirate the
supernate with a pasteur pipet and transfer the liquid to a) container for radioactive liquid waste.

2. Add 1.0 ml 50 percent saturated ammonium sulfate to each tube.
Vortex for 5-10 seconds. Centrifuge at approximately 2800 RPM
(1550 x g) for 30 minutes at RT. Aspirate the supernate with d
pasteur pipet and transfer to a container for radioactive
liquid waste.

3. Add 1.0 m1 distilled water to each tube to dissolve the pellet.
Vortex for 5-10 seconds.

4. Transfer the contents of each RIA tube to a separate
scintillation vial by carefully pouring. Rinse the RIA tubes
w•ith 2.0 ml Hydnrfluor and transier the fluid to the respectivevi~l.

S. Ad 8.0 ml Hydrofluor to each srcintila-tion vial and aix.

6. Count the vials for 10 minutes or to a preset error of
2.0 percent on a liquid scintillation counter.

Data Analysis

1. Data analysis is performed using RiaCalc OM, Version 2.65
(Pharmacia Wallac). Data is reported as ng/ml.

j VI. QUALITI CONTROL

I. All equipment and instruments wili be operated, calibrated. and
maintained according to their respective SOPs.

2. The study director or his designee will review all raw data,
completed data forms and other pertinent study records.

I
J
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3. The form entitled *Atropine Sulfate Radioinmnunoassay Tube Setup"
Sdetails the contents of each standard, control, and sample tube And

mill be emiployed daily during assay set up to insure correct
distribution of reagents.

14. The form entitled *Record For Instruments, Equipment, Reagents Used
For Radioinounoassay' will be used to document all reagents and
equipment used in an assay.

5. The form entitled *Atropine Sulfate RIA Run List* will be utilized
to record the identification and assay sequence for controls and

4samnples for an assay.

6. Preparation of buffers and cther reagents will be recorded on the
attached form entitled "Buffer/Reagent Preparation'.

7. A series of low, medium, and high controls are included in each
4 experiment to assess the quality of each experiment. Control data

will be tabulated for each run and will be reviewed by the study
director.

8. Additional control parameters such as R/T, B/T, the slope and
intercept of the regression curve and other parameters are computed
by RiaCalc OD. These will be tabulated for each experiment and
reviewed by the study director.

4
13

J4

Ji
I
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BUFFER/REAGENT PREPARATION

Study:
Project: Date:- _ _

Buffer/Reagent:

Buffer Storage Conditions: Buffer Expir. Date:
I Constituents:

Receipt Expiration Amount
Reaaent Suoplier L.ot Date D.Ite Used

I
I
I

* Balance: Description:

BC:J 10: Location:

Standard weights: BCO ID:

Determination no. Actual Wt. lit. Read

J ~3'
4

pH Adjustment (Reagent and Volume):

pH Meter: BCD I0: Final pH:

I Comments:

Prepared By: Date: _.

Reviewed By: Date:

-,
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-' Atropine Sulfate RIA Run List
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"I STANDARD OPERATING PROCEGURE

MREF SOP-88-31

TI rLE: Measurement of Chemical Surety Materiel in Dilute Solutions of GA,

GS, Ga, TGD, HO-L, HO, L, and VX

LABORATORY: MREF SOP APPROVAL DATE: February 28, 1990

PLACE OF OPERATION OR TEST: Samoles throughout MREF; Analyses in Room 17, or

This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract DAMO17-89-C-9050 and will be effective for one year from date of
approval unless sooner rescinded or superseded.

No deviation from this SOP will be permitted. Whenever the approved method is

changed, the SOP will be revised.

Supervisory personnel will assure that all personnel involved with this SOP
have been properly trained and instructed in its provisions and attest to this
requireiment by affixing their signatures nn page 3.

A copy of this SOP will be posted at the Medical Research and Evaluation
Facility (MREF) job site at all times.

Submitted By:

Timothy L. Haves, Principal Research ScientistI Printed Name/Title

* ~~Approved By: ____________________

AySignture/Oate

Garrett S. Dill, D.V.M., Manager
Printed NamelTitle 7-

I Approved By: 5in r/OO
• - Signature/Oate "

David L. Stitcher, CIH, Safety/Surety Officer
Printed Name/Title

Revised February 19, 199O -. .... ..
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Approved By: _________-_ _ _t_.0/ __'Signaturei~ateV

Quality Assurance Unit
Pealth and Environment Group

Printed Name/Title

Signature/Oate

Charles K. Burdick. Directo."
Total Quality Program

Health and Environmental Group
Printed Name/Tit1e-

Rivised February 19, 1990 Y
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SIGNATURES

I I have read and understand the contents of MREF SOP-88-31.

Sintr ae Sionature Date

I~ ~~ ~ -KZ ~i ___________

Revised Fe'truary 19, 1990
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STANDARD OPERATING PROCEDURE 88-31

Measurement of Chemical Surety Material in Dilute Solutions
of GA, GB, GD, TGD, HO-L, HO, L, and VX

A. Statement of Work: This SOP describes analytical methods for the analyses
of dilute solutions of chemical surety materiel (CSM) to include dose
confirmation samples and dosing stock solutions generated at the MREF.
These measurements are performed by comparing the analytical results of
exempt chemical surety materiel (XCSM) samples to analytical standards
prepared of the same CSM. The analytical standards are prepared and
referenced to Standard Analytical Reference Material (SARM) according to
MREF SOP-88-30.

The determination of CSM concentration in the diluted samples is performed
on a regular basis at the MREF. The analysis must be performed prior to
the expiration date established for the particular CSM/solvent
combination under the storage conditions described herein. For most
program situations, this has been determined to be approximately 2 weeks
after sample preparation.

B. Resoonsibi iiy:

1. Personnel gualifications: Technical staff will be current with the
requiremnrits -oT"tR'Lf and all applicable MREF SOPs. All technical
staff will be familiar with handling hazardous materials within the
MREF laboratory. The technical staff must have a fitted SurvivAir
respirator in accordance with FSSP SOP-MREF-g. In addition, must know
the location of the nerve agent kit, mechanical resuscitator, eye wash
fountain, and deluge shower as well as how to use them. They must
maintain either visual or audible contact with each other in order to
detect unautnorized actions or be ready to rescue or render first aid
to the other in the event of an accident. Personnel working with
solutions of CSM that do not exceed XCSM criteria must read and sign
this SOP.

2. Leaders: Leaders of each operation will be designated by the Study
d -iretor for that operation. Each leader will insure that the
following are observed:

a. Only authorized personnel meetirg requirements set forth in
Section 8.1 are allowed in the rnom during XCSM operations.

b. XCSM control and accountability are maintained.

Revised February 19, 1990 -
±d..•
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c. Adequate, approved, protective equipment is available at all times
to personnel at their work site.

d. All leader and technical staff responsibilities specified in the
MREF FSSP are followed.

e. Each employee has been trained in the techniques of administering
first aid and self aid.

f. Work under this SOP is performed only in the area(s) or room(s)

designated by this SOP.

g. No food, beverage, or tobacco product is consumed, used, or
brought into the laboratory. The wearing of contact lenses is
prohibited in the laboratory.

h. The safety requirements of this SOP, as well as normal laboratory
safety, are maintained.

i. Decontamination solutions are present prior to handling XCSM1.

j. All quantities of XCSM that leave the hood or room are properly
contained and labeled.

k. All applicable SOPs are read and signed by all technical staff
involved in the operation.

3. Technical Staff: Technical staff will be responsible for abiding by
requirements set forth in Section 8.2. In addition, they must use
personal, protective equipment provided and develop safe work habits
to protect themselves auhd fellow workers from injury and to prevent
damage to material, equipment, and facilities. They must not perform
XCSM operations without the presence of a qualified second person.

4. Research Organization: The organization involved in this research is
the MREF of Battelle Memorial Institute, 505 King Avenue, Columbus,
Ohio 43201-2693.

C. Materials to be Used:

1. XCSM: XCSM is also referred to as resparch, development, test, and
e-'Tuat on (ROTE) dilute solutions of CSM. The XCSM solutions that
can be tsed following this SOP are those prepared from the following

4 CSN.-

a. Tabun (CAS 77-81-6): GA, ethyl N,N-
dimethyiphosphorami docyanidate.

Revised February 19, 1990

4¢



"•1 MREFa- SOP-83-3 1

March 11, 1988
]! Page 6

b. Sarin (CAS 107-44-a or 50642-23-4): G8, isopropyl
methylphosphonofiluoridate.

c. Soman (CAS 96-64.0 or 50642-24-5): GO, pinacolyl
methyiphosphonofluoridate.

j

d. VX (CAS 50782-69-9 or 51848-47-6 or 53800-40-1 or 70938-84-0):
VX, O-ethyl S-(2-diisopropylaminoethyl)methylphosphonothiolate.

e. Mustard (CAS 505-60-2 or 39472-40-7 or 68157-62-0): HD,
bis-dichloroethyl sulfide.

f. Mustard-L~isite Mixture: HL, a mixture of bis-dichloroEthyl
sulfide and dichloro(2-chlorovinyl)arsine.

g. Lewisite (CAS 541-25-3): L, dichloro(2-chlorovinyl)arsine.

2. Solvents and Chemicals: Hexane, acetonitrile, or appropriate solvent.
Quality of solvent recommended is spectrometric grade, distilled in
glass.

3. Decontamination Materials: Sodium hypochlorite (5 percent solution)
for AHO, XL, kHOL, and XVX. Sodium hydroxide (10 percent solution)
for G agents.

i4 j 0. Eupj~nt: Safety equipped cart, freezer (locked), refrigerator (locked),
atet"7qovts, labels, first aid kit, plastic-backed, absorbent paper,

brown paper, 4.-L beakers, squirt bottles, wiping tissues, beakers,
bottles, maxi-vials, pipettes, pipette bulbs, tissue paper, laboratory
coat, safety shoes, protective cyewear, spatula, stainless-steel pans,
bubbler monitors, scissors, solid sorbent traps, glass stir rods,

SI syringes, needles, forceps, GC vials, drierite, 20-mL scintillation vials,
iian air-supplied respirator with air cylincer, 10-mL volumetric flasks, and

a vial support block.

J E. Hazards Involved:

1. Anticholinesterase: The hazard from XVX is primarily that of liquid
injection, ingestion, or absorption through the skin or eyes. XVX can
be lethal if generated in a vapor form in confined or poorly
ventilated spaces. Although liquid spills of XVX do not present a
vapor hazard, this material is very siow to evaporate so that
virtually the entire spill (minus the solvent) may persist as a liquid

contact hazard for several days.J a. Mechanism of Action and Physiological Effects: These XCSM cause
inhibition of cholinesterase enzyme in the body. Repeated low
level exposures to these XCSM will have cumulative effects on

Revised February 19, 1990
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"cholinesterase inhibition. Blood cholinesterase is regenerated
slowly and the inhibition effect will last several weeks.
Clinical signs and symptoms may suddenly occur following repeated
exposures, but is unpredictable in time of onset and severity.

Casualty Producing Routes of Entry: Inadvertent skin contact with
these XCSM is the most common cause of laboratory

9accidents/incidents. The XCSM absorption rate will likely be
accelerated through unprotected cuts and abrasions.

Signs and Symptoms: The first indication of exposure of
anticholinesterase XCSM to the skin is likely to be a reaction at
the point of exposure, i.e., localized sweating and/or twitching.
If exposed to vapor from some type of vapor generating system,
pinpointed pupils (miosis), muscular tightness in the chest,and/or a runny nose will likely be the first symptoms. For otherthan these extreme exposures, no symptoms are likely to be

Sexhibited. However, under these extreme conditions if the
exposure is sufficient, symptoms may progress beyond the local
reaction to produce systemic poisoning. The following signs and
symptoms are typ;cal of systemic poisoning; the number and
severity of which will depend upon degree of exposure:

(1) Nausea--possible vomiting.

(2) Diarrhea.

(3) Weakness.

(4) Muscle twitching.

(5) Convulsions.

(6) Central nervous system depression.

(7) Coma.

(8) Cessation of breathing.

Exposure Factors: Onset of signs and symptoms from a percutaneous
exposure may be delayed by the adsorption time. Onset after a

¶ vapor inhalation exposure may be quite rapid, and death may occur
within 10 min. Vapor exposure to the eyes results in immediate
miosis at very low concentrations.

2. Solvents: The solvents used in preparing the dilute material may have
hazards associated with their use. A copy of the Material Safety Data

Revised February 19, 1990 . Y

H)



MREF
March 11, 1983

Page 8

Sheet (MS0S) is available in the administrative area of the MREF orJ• throgh Battelle's Safety Off ice, 505 King Ave.

j a. Hexane: Hexane is a flam~maole liquid that must be handled and
stored as a solvent vqith a dangerous fire risk. The flash point
of hexane is -22.7 C, with an autoignition temperature of 260 C.
The 1g88-1g8g American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Values (TLV) for n-hexane is
50 part: per million (ppm) as an 8-hr time weighted average (TWA).
For the other hexane isomers, the TLV is 500 ppm as an 8-hr TWA
and 1,000 ppm as a 15-min Short Term Exposure Limit (STEL).

b. Acetonitrile: Acetonitrile is a flawm.able liquid that must be
handled as a solvent with a dangerous fire risk. The flash point
of acetonitrile is 5.56 C. The 1988-1989 ACGIH TLV for
acetonitrile is 40 pom as an 8-hr TWA and 60 ppm as a 15-min STEL.
Also, skin contact may represent a significant route of exposure.

3. Decontamination solutions can cause chemical burns if sodium hydroxide
or sodium hypocholride is left in contact with skin or eyes.

4. Gloves and aprons made of butyl rubber are flammable and have no
self-extinguishing capability; therefore, care must be taken to avoid
open flame or heat that may ignite them.

F. Safztv Pequirements:

1. Hloodss. Hcod face vel-city must average 100 . 10 lfpm. The average is
computed from individual readings taken in approximately each square
foot of hood face (usually nine readings). In addition, no individual
reading will vary more than 20 percent from the average. No equipment
will be within 20 cm of the face of the hood.

2. Protective Equioment: When working with XCSM samples, the following
clothing and protective gear are required as a minimum for all
personnel.

lab coat
safety shoes
two pairs of latex gloves
protective eyewcar

In addition, each worker's individually assigned Survivair combination
escape/airline-supplied respirator will be readily available. All

4 provisions of the MREF FSSP apply to the checking and testing of
gloves, aprons, respirators, and other protective equipment.

R v s -FKJRevised February 19, 1990 -"i
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3. First Aid: A first-aid kit containing two squirt bottles, one filled
with a'5 percent available chlorine sodium hypochlorite solution and
one filled with water (labeled, dated, and the contents changed every
month), and gauze pads will be located in the room. The location of
the nearest eye-wash fountain, deluge shower, and fire extinguisherj will be known to all workers before work begins.

G. Procedures:

1. Entrv: Before entering the secured facility, note the status of the
"Agent-in-Use- light at the turnstile. If the *Agent-in-Use" lights
are turned on, note the rcm location and be sure that upon entry to
the laboratory area that all safety equipment and procedures described
in FSSP SOP MREF-18 are in place. Upon entry of the room, confirm
that there are no audible alarms. No operations can be initiated in a
room with audible alarms. After entry, personnel will observe the
magnehelic gauge on the hood. If inspection reveals that the hood has
failed, is marginal in flow, or operates outside the guidelines of
FSSP SOP MREF-21, the protlem is reported to the MREF Manager and the
operation does not begin.

2. Hood Set UP: Prior to obtaining XCSM, the operation hood area must be
prepared with all materials necessary to perform an XCSM operation.
The hood(s) to be used for any operation with XCSH will contain, as a
minimum, the appropriate decontaminating solutions, waste containers,

':21 forceps, plastic-bAcked paper, absorbent tissues, primary container
holder, and XCSII transfer equipment. All of the above materials willbe kept behind the 8-inch line in the hood.

Plastic-backed, absorbent paper must be used to protect the work
surface of the hood. Five layers of brown paper will be placed on top
of the absorbent paper. Two 4-L beakers containing a minimum of 2 L
of decontaminating solution will be placed within the hood.

A vial support block of sufficient size to contain all primary XCSM
maxi-vials to be used will be positioned within the hood work area.

3. Handlinq of XCSM: The handling of XCSM is conducted in accordance
wih .- 5. The procedures used within this SOP are described
in MREF SOP-83-5 and shall include the -' -ling (Section G.3),
obtaining (Section G.4), equilibration (Jiution G.5), transfer
(Section G.6), dilution (Section G.7), ý wn~port (Section G.8),
packaging (Section G.9), transfer for use within the MREF (Section
G.1O), and securing of XCSM (Section h).

4. Identification of CSM: All XCSM samples generated must be clearly
identified with the following information being regarded as the
minimum requirements.

Revised February 19, 1990Li..•. •.
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a. Type of XCSM contained in the sample.

b. Solvent used for CSM dilution.
4

Sc. Sample preparation date.

d. Sample identification number (e.g., dose confirmation
accountability record book number, page number, and sample number
and their identifiers as necessary, 50003-03-02 Samp. Al).

e. Estimated analyte concentration based on measured agent purity and
dilution procedure.

f. Project or task number under which the sample was prepared.

5. Sample Preparation and Storage: Preparation of samples must be
* perforzed using volumetric glassware, pipettes, and/or microsyringes

as required to achieve a resulting ccncentration below agent surety
levels (1.0 mg/mL for VX, 2.0 ag/mL for GA, GB and GO, and 10.0 mg/mL
for HO). Preparation and handling of dilute samples is performed in
accordance with the operational dosing protocol and/or MREF SOP-83-3.
An example of the calculations to determine XCSM concentration cf
samples prepared in accordance with MREF SOP-83-3 is provided W'elow.4

j3 Exantpl Calculat'ons:

a. To determine appropriate dilution procedure, ccnsider the required
volume of CSM to be delivere.d and the final volume of the diluent3 necessary to achieve a resulting expected concentration not
greater than the permissable XCSI concentration, see Section G.4.
For example, if 10 #L of neat VX is dosed, confirmation of dosing
accuracy and syringe precision and accuracy would require
delivering the same volume of agent into appropriate volumetric
glassware. To determine the approoriate dilution volume, multiply
the volume of the CSM to be delivered, in #L, by the density
(d - 1.0083 mg/#L at 20 C) of CSM in mg/#L and multiply the

* multiple by the purity of the CSM used for dilution. The result
of this mathematical step is then divided by the target
concentration or the maximum XCSM4 concentration, for VX the valuewould be 1.0 mg/mtL. The following calculation would hold true forthis example if the working VX purity is 95 percent:

[(IO.O-gL neat VX) (1.0083 mg/pL density of VX)] - 10.083-mg VX
4, (10.083-mg vx)(o.95)] - 9.58-mg VX

9.58-mg VX/IO mL] .958 mg/mL dilute concentration

Therefore, a volumetric flask of 10 mL or greater would be
appropriate for this dilution.

Revised February 19, 1990, .,.,-,
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b. All dilute solutions should be kept frozen when not in use. All
XCSM samples and standard solutions are stored double contained at
-70 C in a locked Revco freezar.

6. Standard Preoaration: Instrument calibration standards are prepared

from standard analytical stock solutions which have been prepared,
stored, and referenced to SARM as per MREF SOP-88-30. Calibration
standards must be prepared at three concentration levels as a minimum.
These concentration levels must extend over the range of expected
sample concentration. Appropriate standard concentrations and
dilution procedures are to be determined by the chemist at the time of
analysis in order to establish precision limiti required by sample
submitter. The standards will be prepared in the same solvent as the
samples unless stability problems in sample preparation solvent have
been determined. The recommended solvent for CSM sample preparation
for GC analysis is hexane. If standards need to be prepared ahead of
time they must be stored at -70 C until analysis.

S7. Instrument Set-Up:

a. The GC must be operated with parameters that will yield the bestJquantitative results for the analytical system. These will vary
depending on CSM/solvent combination and concentration levels.
The following are recommended as general starting conditions and
optimum conditions must be selected by the chemist doing theonalyses.

fi!) Column - Several analytical columns and detectors have been
successfully used to analyze the agents listed in this SOP.•@ Several manufacturers of columns and instruments have also

been compared and only minor differences have been observed
with all systems evaluated being acceptable under their
optimal operating conditions. The recommended column is a
general purpose column that produces reliable results with
all agents tested to date.

General Analyses:

Column: 30 a x 0.25-mm 1.0. SE-54 with .3-#m film
thickness

Carrier Gas: Helium
Velocity : 30 L 5 cm/sec for Helium

Make-up Gas: 30 L 5 mL/min
Detector : Flame Ionization Detector (FID)

M Detector Gases: H2 * 400 mL/min L 10 mL/min
Air - 40 mI/min L 5 mLlmin

Injector Te&':_-ature: 275 L 10 C

Revised Febrruary 1g, 1go9
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Detector Temperature: 250 L 10 C

SOven Program: Initial temperature a 60 C
Initial time - 1.0 min

Level 1 program rate - 15 C/min
Final temperature 250 C

Final time - 2.0 min
Post value - 275 C
Post time - 4.0 min

Injection Mode: SplitSplit Flow: 120 L 10 mL/min

Split Liner Packing: 3 percent OV-1 on 80/100 mesh Chromosorb WHP
(2-3 mm bed)

Injection Voluxe: I uL
Auto Sampler: Hewlett Packard 7673A or equivalent with coolel

sample tray maintained at 5-7 C.

Analysis of Samples of GO in 0.9 percent Biological Saline:

SColumn: 25 m x 0.32-mm 1.0. HP-20 M with 3-#m film
thickness or equivalent

Carrier Gas: Helium
Velocity : 30 L 5 cm/sec for Helium

Make-up Gas: 30 L 5 mL/min
Detector : FPO with 525-na phosphorous selective filter

Detector Gases: H, - 135 mtimin L 10 m.min3 tr- 120 IZ.U/in L 5 roL/min
0 - 15 mL!tain L 2 W./min

Injector Teperature: 1ý3 L 5 C (Very important for satisfactory
precision and accuracy of results.)

Detector Temperature: 225 L 5 C
Oven Program: Initial temperature - 50 C

Initial time - 0.5 min
Level I proqram rate a 20 Cl/in
Final temperature - 200 C
Final time - 1.0 min
Post value - 215 C
Post time - 2.0 min

] •Analysis of Samples of GA in Multisol:

Column: 25 m x 0.32-mm 1.0. HP-20M with .3-/jm film
thickness or equivalent

Carrier Gas: Helium
Velocity : 30 L 5 cm/sec for Helium

Make-up Gas: 30 L 5 mL/min
Detector : FPO with 525-nm phosphorous selective filter

Detector Gases: Hzr- 135 mL/,in L WO mL/min
Air - 120 mL/min L 5 mL/min
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0, 15 mL/min L 2 mL/min
tnjector Temperature: I&O L 5 C (Very important for satisfactory

precision and accuracy of results.)
Detector Temperature: 225 L 5 C

Oven Program: Initial temperature - 80 C
Initial time a 0.5 min

Level I program rate - 20 C/min
Final temperature - 200 Cj Final time - 1.0 min
Post value - 215 C] ~Post time - 2.0 lmin

Injection Mode: Split
Split Flow: 120 L 10 mL/min

Split Liner Packing: 10 percent OV-1 on 80/100 mesh Chromosorb WHP
(2-3 mm bed)

Injection Volume: I pL
Auto Sampler: Hewlett Packard 7673A or equivalent with cooled

sample tray maintained at 5-7 C.

ttzte: The Yiscosity of mintisol prohibits reproducible injections of
sM)ies using an autosampler. Therefore, samples in multisol
have to be diluted with an appropriate solvent such as
tetrahydrofuran (THF). The samples have been shown to be
stable for it least 72 hr after dilution at 5-7 C. The
rcovmndeJ dilution is a mitimum factor of five for reliable
injecticn raults using an autosampler. As previously stated,
the standards should also be diluted using THF.

Analysis of TGD Samoles in Acetonitrile:

Column: 25 m x 0.32-m 1.0. HP-20M with .3-pm film
thickness or equivalent

Carrier Gas: Helium
Velocity : 30 L 5 cm/sec for Helium

Make-up Gas: 30 L 5 mt/min
Oetector : FPO with 525-nm phosphorous selective filter

Detector Gases: H42 v 135 mL/min L 10 mLlmin
Air a 120 mi/min L 5 mi/min
0 a 15 mL/min L 2 mL/min

Injector Temperature: 290 L 5 C (Very important for satisfactory
precision and accuracy of results.)

Detector Temperature: 225 L 5 C
Oven Program: Initial temperature - 50 C

Initial time a 0.5 min
Level 1 program rate a 20 C/min
Final temperature - 200 C
Final time • 1.0 rain

Revised February 19, 1990
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Post value - 215 C
Post time 2.0 min

Injection Mode: Split for concentrations above 100 j#g/mL
Splitless for concentrations below 100 ;sg/mL

Split Flow: 120 L 10 mL/min
Split Liner Packing: 10 percent OV-1 on 80/100 mesh Chromosorb WHO

(2-3 mm bed)
Injection Volume: I qL

Auto Sampler: Hewlett Packard 7673A or equivalent with cooled
sample tray maintained at 5-7 C.

Note: Acetonitrile has been selected for dilution of neat TGD due to
increased solubility of thickener and agent stability in this
solvent.

b. Install the proper colum into the capillary injector and detector
ports and leak test the joints. If the column has not been in
use, condition at 20 C below manufacturer suggested maximum
operation temperature overnight. This must be done by first
allowing the column to set at room temperature with carrier gas
flow for x 20 min and then programming to the final temperature at
a slow rate such as 3 C/min. The column can then be left at upper
temperature overnight. This initial conditioning is required to
insure that oxidants trapped in the column under storage
conditions dre reoved prior to exposure of the column to elevated
temperatures. The exposire of tthe capillary column liquid support
to elevated temperatures in the presence of compounds such as
oxygen or water will decompose the stationary phase of a capillary
column. The exposure of fused silica, the material of which most
modern columns are prepared, to water will dissolve the material
and also destroy the column by producing chemically bonding active
sites within the column.

c. Set the temperatures in the heated zones using the GC terminalusing the appropriate example temperatures as listed in
Section G.6.a.(1).

] d. Set the gas flow rates as recommended in Section G.6.a.(1) using a
soap bubble flow meter of appropriate range and stopwatch. Set
the carrier velocity first then turn the detector gases off. The
column velocity is measured by injecting a compound under
conditions that will yield an insignificant retention of the
compound. A typical compound used to set column velocities is
meth-ne for FID conditions or acetone for FPO. The column
velocity is measured by injecting the methane and timing the time
required for the methane or acetone to exit the column. The exit
of the methane or acetone is monitored by the detector, and when

"Revised February 19, 1990
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-7 the peak is observed, the time is recorded. A sample calculationj ~is: •

Colwi~n Length in cm
'- L Carrier Velocity in cm/sec

,J Retention Time of Methane or Acetone in sec

The colum velocity must be set at optimum column temperature
(mid-ranga of the operating conditions) sirce capillary column
velocities change with temperature. The reconuended temperature
for the recommended conditions is 150 C. Once column velocity has
been set, allow the carrier gas to flow continuously through the
col", during the remainder of the measurements. It should be
noted if a carrier gas other than helium is used, a Van DeemterI Curve for that gas should be reviewed to establish the optimum

velocity.

e. Attach the flow meter to the gas outlet from the detector with the
carrier gas on and all other gases off. Measure the column flow
rate and record as this will need to be subtracted from all future
measurements to get actual flow rates.

Examole Calculation for Flow Rate:

(i.e., for a time interval of 15 ;Pc to achieve a volume of 10 mL
the following c&lculation %,ad be perfor•eJ)

SForwla fqr derernining flow rate:

Flow rate in mimin a Volume ml)
15 sec 2. mi TiiT

60 secimin"'
3 10 mL.

77- 40 mi./in (flow rate)

Sf. Adjust and repeat measurements until the orescribed value is
reached subtracting the carrier flow rate from the obs-rved flow
rate to get actual flow rates.

g. Repeat measurement procedure to set hydrogen flow rate.

h. Repeat measurement procedure to set air flow rate.

i. With gases on, ignite the Fit or FPO flame by depressing the flame
ignition button. Verify flame ignition by checking for continuous
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condensation on a cold surface (e.g., mirror) at the effluent
cutlet on the FIO or FPO.

j. When the flame has been ignited, turn on the 01O or FPO

elect onics and all~w 20 min for system equilibration.

k. Key in the following set points on the integrator terminal if
available. If a strip chart is used, refer to instriument manual
for connections. Typical settings are:

I. Integration Method: Area percentJ3 2. Attenuation: %2)

3. Percent Offset: 10

4. Peak Widthi 0.04

S5. Threshold: 4

6. Run Time: 15.0 STOP

7. Chart Speed: 0.5

S8. Oetector: cn

These set points are only guidelines, but entering vilues for
these parameters is a minimnu requiremnrtt for integration.

1. Plot the FID or FPO signal on the GC recorder Zero the plot on
the terminal or strip chart recorder so that the baseline is at
to 10 percent offset.

8. Anal yis of 3amples: Standards and sample solutions are analyzed2using the same p i cedures.

9. Calculation Procedures:

a. Identify the C., peak in the sample and standard chromatograms;.
record the peak area.

b. To calculate the concentration of the XCSM samples, construct a
calibration curve by doing a linear regression of standard
concentration vs. standard peak area for all concentration levels,
then fit the sample peak area to the curve to obtain
concentration.

10. Quality Control:

J Revised February 19, 1ggO
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a. E-ch step in the analysis of standards and samples must be done
reproducibly to achieve good precision and accuracy. This

A .includes preparation of dilute solutions and instrument operation.

I b. The samples are to be injected a minimum of three times each with
an average response used to determine the purity measurement. The
relative standard deviation for any set of injections must not
exceed 10 percent. If the relative standard deviation exceeds

S10 percent, the experiment must be repeated entirely prior to
acceptance of data.

2 c. The FID is a general purpose GC detector. The detector is linear
* over an extremely large range which makes it well suited for this

type of analysis. In addition, the detector is general purpose in
that it detects almost all chromatographable material with two orSI. mo=re carbon atoms. However, due to the non-selective nature of
the detector, the detection of interferences may be encountered.

.ITherefore, each new type of testing should be preceded by3i experimentation to determine whether any interferences are present
and if so, to identify and compensate for them.

. d. Blanks for solvents must be checked and high purity solvents such
as distilled in glass are recommended. An analysis of the system
blank must be studied uiider the same test conditions (first
witho:•t CSM present and then with CSM spike) and cnmpare the
chrematcgrar.s. Evaluate the datA and make any necessay

*• corrections.

e. If interferences present a problem, then analysis using a mass
.. spectrometer for the detection system is recommended so that

interferences can be confirmed and possibly identified as solvent
impurities or CSM impurities. A mass spectrometer should also. beI. used when initially establishing GC conditions to insure that the
chromatographic peak being measured during purity analyses is the

::S IM of interest and not an impurity.

11. Instrument Shut-Down:

. a. When the instrument is not to be used for extended periods of
time, the system must be shut down following manufacturer's
instructions to insure colu,m life and instrument stability.

b. Be sure that sufficient gases are supplied for continucus flow of
carrier and detector gases for the period of time that the system
will be unattended.

R "r 1
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c. For weekend shut-down, follow the same procedure but also
extinguish the detector flame if appropriate by shutting off the
detector gas valves.

H. Decontamination: Proper protective equipment and clothing must be
utilized throughout these operations in accordance with FSSP SOPs MREF-23
and/or MREF-25. All absorbent material covering the hood surface will be
placed in the decontaminating solution after each operation. All
disposable glassware in hoods will be submerged in the appropriate
decontaminating solution (5 percent available chlorine in a sodium
hypochlorite solution or 10 percent sodium hydroxide solution in water)
overnight. All non-disposable glassware in hoods will be filled with the
appropriate decontaminating solution (5 percent available chlorine in a
sodium hypochlorite solution or 10 percent sodium hydroxide solution in
water) overnight. Materials left t, soak in decontaminating solution
overnight will be removed from the hood on the next work day. The
glassware, equipment, or non-expendable materials are rinsed with water
and removed from the hood. Expendable items may be placed directly into a
primary plastic bag within the hood. The primary plastic bag is then
sealed with adhesive tape and placed inside another plastic bag, which is
then sealed with adhesive tape to provide double containment of

j decontaminated materials.

Bags of waste must be labeled "Contiminated Materials" with type of XCSM,
date of bagging, bag identification number, and name of person packaging
the contaminated materials in accordance with MREF SOP-83-3, Section H.
The double-contained materials can then be inciner~tad.

I. Emeraencv Procedures: If an XCSM spill occurs, decontamination solution
(containing 5 percent sodium hypochlorite or 10 percent sodium hydroxide)
;ocated within the hood is gently poured or swabbed with soek.d absorbent
paper held with forceps oa the area in an amount that is at least tenfold
in excess of the spill. This contaminated decontaminating sotution is
absorbed with diatomaceo,. arth or other absorbent and deposited into
double plastic bags. The cleaning/absorption procedure is repeated again.

In the event of any incident or exposure, the MREF Manager or his designee
must be notified immediately.

J. First Aid Procedures: Make sure that you protect yourself irom
contamination by the casualty. Mask if in doubt. Personnel exposed to a
toxic agent will be removed immediately to a shower area where washing and
first aid can be administered by co-Aorkers. If there is any question
about tte source of contamination, place the victim under the emergency
shower. Wash the victim down with soap; do not scrub as this may enhance
penetration.

RuRevised February 19, 1990 -' 1
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1. Emnerqency Treatment for Soecific Tvoes of ALSM:

a. V and G XCSM:

(1) Decontaminate when the source of contact is certain.

(a) Transfer the victim to a clean area and thoroughly
decontaminate with S percent sodium hypochlorite only in
the areas below the eyes in the oosition in which the
victim is being held. Wash skin at once with diluted
chlorine-type bleach and rinse with copious amounts of
water. Rinse eyes with water only; rinsing a minimum of
10 min at the eyewash fountain. Decontaminate with dry
tissue or absorbent paper followed by water in areas
close to the eyes.

(2) Decontaminate when sour:e of contact is uncertain.

(a) Place victim in shower and remove clothing.

(3) If victim has syMPtoCs of anticholinesterase poisoning beyond
miosis, inject him with the contents of the atropine/2-PAM
autoinjectors at intervals of 5-10 min up to a maximum of
three injections. Note tim, of each injection on the victim
for reference by physician.

(4) If victird has stopped breathing, employ resuscitation with
the aribu-bag immediately. Use the atropine autoinjectors
after you have successfully succeeded in restoring
respiration.

b. H and L XCSH.

(1) Decontamination when the source is certain.

(a) Trarsfer the victim to a clean area and thoroughly
decontaminate with 5 percent sodium hypochlorite only in
the areas below the eyes in the position in which the
victim is being held. Wash skin at once with diluted
chlorine-type bleach and rinse with copious amounts of
water. Rinse eyes with water only; rinsing a minimum of
10 min at the eyewash fountain. Decontaminate with dry
tissue or absorbent paper followed by water in areas
close to the eyes.

(2) Place victim in shower and remove clothing.

Revised February 19, 1990



MREF
SOP-23-31

March 11, 1i88
'1 Page 20
_1

2. The decontaminated individual is transported by ambulance to
University Hospital.

3. In the event of any exposure, the MREF Manager or his designee must be
summoned after the immediate emergency is taken care of and informed
of the exposure.

TLH:cah
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STANDARD OPERATING PROCEDUREI MREF SOP-88-46

TITLE: Measurement of the Ability of Chemicals to Decrease the Aqinq Rate of
Soman (GD)-Innibitea Acetvlcnolinesterase (AtCh) Activity, in Vitro

SLABORATORY: MREF SOP APPROVAL DATE: April 18, 1990

PLACE OF OPERATION OR TEST: Rooms 2, 3. S, 7. 47, and 41A

U This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract DAMD17-89-C-9050 and will be effective for one year from date of
approval unless rescinded or superseded.

No deviation from this SOP will be permitted. Whenever the approved method is
changed, the SOP will be revised.

Supervisory personnel will assure that all personnel involved with this SOPhave been properly trained and instructed in its provisions and attest to thisrequirement by affixing their signatures on page 3.

I A copy of this SOP will be posted at the Medical Research and Evaluati
Facility (MREF) job site at all tines.

David W. Hobson Ph.D, Associate Manaoer
Printed 4.-le/Tit le

Approved By:_
In" "•" Signature/Oate

Garrtt S. Dill, D.V.M. Manag

Printed Name/Title

Approved By: ___

SignaItUre/0Dte '

David L. Stitcher, CIH, Safety/Surety Officer
Printed Name/Tit e
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Approved By: i4t~ 2 ~~•~
Signature/Uate

Quality Assurance Unit
Health and Environment GroupJ Printed Name/Title

Signature7/Dat

Charles K. Burdick, Oirector
Total Quality Program

Health and Environment Group
Printed Name/Title
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SIGNATURES

I have read and understand the contents of MREF SOP-aa-46.

' Signature Date Siinmture Date

I71Lal %"iN vY __ _ __ _ __ _

Reie April____11,__1990_

III
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STANDARD OPERATING PROCEDURE 88-46

] Measurement of the Ability of Chemicals to Decrease the Aging
Rate of Sosuan (GO)-inhibited Acetyicholinesterase (AChE) Activity, In Vitro

SA. Statement of Work: Acute toxicity associated with organophosphates has
Sien attributed to inhibition of acetyicholinesterase (AChE) which causes
the muscarinic, nicotinic, and central nervous system cholinergic effects
j observed with organophosphate (OP) exposure. There are marked differences
amongst the various OPs in the persistence of AChE inhibition. In this
SOP, an assay is outlined for the use of an in vitro system to identifyI candidate pretreatment and treatment (P&T) coip3ounds that significantly
decrease the aging rate of Soman (GO)-inhibited AChE (GO-AChE).

SB. Responsibility:

1. Personnel Qualifications: Technical staff will be current with the
requirements of the MREF and all applicable HREF SOPs. All technical
staff will be familiar with handling hazardous daterials within the
KREF laboratory. The technical staff must have a fitted SurvivAir
respiratc in accordance with FSSP SOP MREF-9. They must know the
location t *he nerve agent kit, mechanical resuscitator, eye wash
fountain, &; deluge shower as well as how to use them. They hust
maintain eat r visual or audible contact with each other in order to
detect unauthorized actions or be ready to rescue or render first aid
to the other in the event of an accident. Personnel working with
solutions of chaunical surety materiel (CS) that do not exceed XCSM
criteria must read and sign this SOP before performing the procedure.

2. Leaders: Leaders of each operation will be designated by the Study
'TiRK---r for that operation. Each leader will insure that the

following are observed:

a. Only authorizcl personnel meeting requirements set forth in

Section 8.1 are allowed in the room during XCSM operations.

b. XCSMI control and accountability are maintained.

c. Adequate, approved, protective equipment is available at all times
to pers.4nel at their wnrk site.

Sd. All leader and technical staff responsibilities specified in the
MREF FSSP are followed.

Revised April 11, 1990SA,i.
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e. Each employee has been trained in the techniques of administering
first aid and self aid.

f. Work under this SOP is performed only in the area(s) or room(s)
designated by this SOP.

g. No food, beverage, or tobacco product is consumed, used, or
brought into the laboratory. The wearing of contact lenses is
prohibited in the laboratory.

h. The safety require.ents of this SOP, as well as nonrmal laboratory

safety, are maintained.

i. Decontamination solutions are present prior to handling XCSHs.

j. All quantities of XCSM that leave the hood or room are properly
contained and labeled,

k. All applicable SOPs are read and signed by all technical staff
involved in the operation.

3. Technical Staff: Technical staff will be responsible for abiding by
requirements set forth in Section 8.2. In addition, they must use
personal, protective equioment provided and ievelop safe work habits
to protect themselves and fel'low workers iron injury and to pre.vent
damage to uaterial, equipment, and faciliaies. They must not perforo
XCSX operations vithout the preience of ii qualified second pareon.

4. Osac 3anization: The organization involved in this research is
the MREF ot Battelle Mmorial Institute, 505 King Avenue, Columbus,
Ohio 43201-2693.

C. Materials to be Used:

1. XCSM: XCSN is also referred to as research, development, test, and
ev-luation (ROTE) dilute solutions of CSM. The XCS•4 solutions that
can be used following this SOP are those prepared from the following
CSN.
a. Soman (CAS 96-64-0 or 50642-24-5): GO, pinacolyl

mwthy I phosphonofl uori date.

2. Oecontamination Materials: Sodium hydroxide (NaOH) (10 percent in
solution).

Revised April 11, 1990
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0. Eq;ipent: Freezer and refrigerator; vilume-adjustable single and
mUltTcnhannel pipettors; pipette tips; pipette-aid and serological
pipettes; COBAS/FARA Centrifugal Analyzer; 96-well, flat-bottomed
miicrotiter plates; microtiter plate reader; 10-mL and 25-,uL volumetric3 flasks; 20-mL scintillation vials; plastic-backed, absorbent paper;
absorbent wipes (e.g. Kimwipes); 4-L container; two 500-mL squirt bottles;
solid adsorbent material; plastic bags; atropine/pralidoxime chloridej(2-PAM) autoinjectors; and first aid kit.

E. Hazards Involved:

3 1. Anticholinesterase: The hazard from XGO is primarily that of liquid
injection, ingestion, or absorption through the skin or eyes.

a. Mechanism of Action and Physiological Effects: This XCSM causesinhibition of AChE in the body. Repeated low level exposures to
this XCS.4 will have cumulative effects on cholinesterase
inhibition. Blood AChE is regenerated slowly, and the inhibition
effect will last several weeks. Clinical signs and symptoms maysuddenly occur following repeated exposures, but is unpredictable
in time of onset and severity.

Inadvertent skin contact with XCSM is the most comuon cause of
laboratory accidents/ incidents. The XCSM absorption rate will
likely he Accelerated thrmugh unprotected cuts and abrasions. The
first indication of exposwm of skin to XGD is likely to be areaction at the point of exposure, i.e., localized sweating and/.
twitching. If exposed to vapor pinpoint pupias (miosis), muscula.
tightness in the chest, and/or a runny nose will likely be the
first effects. Other than the above, no symptoms are likely to be
exhibited from exposure to XGD. However, under extreme and
unusual circumstances an exposure may be sufficient such thatsymptoms may progress beyond a local reaction to produce systemic
poisoning. The following signs and symptoms, the number and
severity of which will depend upon degree of exposure, are typical
of systemic toxicosis:

2 (1) Nausea--possible vomiting.

-(2) Oiarrfiea.

(3) Weakness.

(4) Muscle twitching.

i:i i(5) Convulsions.

Revised April 11, 1990
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"(6) Central nervous system depression.

(7) Coma.

(8) Cessation of breathing.

(9) Exposure Factors, Onset of signs and symptoms from a
percutaneous exposure may be delayed by the absorption time.
Onset after a vapor inhalation exposure may be quite rapid,
and death may occur within 10 min. Vapor exposure to the
eyes results in immediate miosis at very low ccncentrations.

2. Decontamination solutions can cause chemical burns if NaOH is left in
contact with skin or eyes.

S3. Gloves and aprons made of butyl rubber are flammable and have no

self-extinguishing capability; therefore, care must be taken to avoid
open flae or heat that may ignite them.

F. Safety Requirements:

1. Hoods: Hood face velocity must average 100 ± 10 lfpm. The average is
cou=puted from individual readings taken in approximately each square
foot of hood face (usually nine readings). In addition, no individuai
reading will vary more thaa 20 percent frcm tht averzga. No equipmeent
will be within 20 c of the face of thi ho.

2. Protective Equipment: Whet wrking with XCS• sales, the following
clothing and protective gear are required as a minimua for all
personnel.

lab coat
safety shoes
two pairs of latex gloves
protective eyewear

In addition, each worker's individually assigned Survivair combination
escape/airline-supplied respirator will be readily available. All
provisions of the MREF FSSP apply to the checking and testing of
gloves, aprons, respirators, and other protective equipment.

3. First Aid: A firmt aid kit .2ontauning two squirt bottles, one filled
with a 5 percent available choorine NaOC1 solution and one filled with
water (labeled, dated, and the contents changed every month), and
gauze pads will be located in the room. The location of the nearest
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eye-wdsh fountain, deluge shower, and fire extinguisher will be known
to all laboratory personnel before work begins.

G. Experimental System: This assay entails the development, validation, and
use oa an in vitro assay to identify candidate compounds that decrease the
rate of ag`Mng o- 'GrO-inhibited AChE (GO-AChE).

H. Experimental Desiqn: Using standardized methodology, automated as
necessary to permit the screening of at least 12 P&T compounds per week,
the effect of each compound is evaluated relative to its ability to
inhibit, in vitro, the aging rate of GD on AChE. The procedure is based
an the preT7u7re described by Puu et a]., and involves determining the
amount of reactivatible GO-inhibited fetal bovine serum (FBS) AChE as a
function of GO incubation time. For general screening, a minimum of two
time points are required, however, additional time points may be estimated
if "andated by experimental protocol.

21. Procedures:

1. Hood Set-UP: Prior to obtaining XCSM, the operation hood area must be
prepared with all materials necessary to perform an XCSM operation.
The hood(s) to be used for any operation with XCSI4 will contain, as a
minimum, the appropriate decontaminating solutions, waste containers,
forceps, plastic-backed absorbent paper, primary container holder, and
XCSM transfer equipment. All of the above materials will be kept
behind the 8-inch line in the hood.

Plastic-backed absorbent paper must be used to protect the work
surface of the hood. Five layers of brown paper will be placed on top
of the absorbent paper. Two 4-L beakers containing a minimum of 2 L
of decontaminating solution will be placed within the hood.

SA vial support block of sufficient size to contain all primary XCSM
maxi-vials to be used will be positioned within the hood work area.

2. Preparation of AChE Assay Reagents:

a. Phosphate Buffer (0.1 M, pH 7.6): This reagent has an expiration
j date of 8 weeks following the date of preparation.

Solution A: Oissolve 1.38 of monobasic sodium phosphate in 50-mL
deionized water.

Solution B: Oissolve 7.1 g of dibasic sodium phosphate in 250-mL
deionized water.

RA,Revised April 11, 1990 i
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Mix 32.5 wL of Solution A with 217.5 mL of Solution 8 in a
500-al volumetric flask. Bring total volume to 500 mL with
deionized water. Adjust to pH 7.6 as necessary using 1.0 N HCl or
1.0 H NaOH.

Jb. TRIS(hydroxymethyl)-aminomethane (TRIS) Buffer: This reagent has
an expiration date of 8 weeks following the date of preparation.

J (1) COBAS Assay - 0.05 M, pH 8.2: Dissolve 3.03 g of TRIS in
400-Ut deionized water and adjust to pH with 6.0 N HCI.
Bring to 500 al. with deionized water.

k2) Microplate Assay - 0.1 M, pH 8.2: Dissolve 6.06 g of TRIS in
400 mL of deionized water and adjust to pH with 6.0 N HCl.]Bring to 500 mL with deionized water.

c. 5,5'-Oithio-bis(2-nitrobenzoic acid) (Dm8) Reagent: This reagent
is not used 4 weeks after the date of preparation.

(1) COSAS Assay - (0.42 mM): Dissolve 0.0333 g DTNB in
approximately 150-aL TRIS buffer. Adjust pH to 8.2 with
1.0 N NaOH. Bring to a total volume of 200 ml with deionized
water.

(2) Microplate Assay - (0.84 d4): Dissolve Oý0666 g of OT1B in
approximat.ly 150-eL TRIS buffer. Adjust pH to 9.2 with 1.0
N NaOH. Bring to a total voluie of 2WO z. with eeionized
water.

d. Saline [0.9 Percent Sodium Chloride (NaCI)]: Oissolve 0.9 g NaCl
in 90-•L deionized water. Bring to a final volume of 100 mL with
deionized water. This reagent is i.at used 8 weeks after the date
of preparation.

e. Acetylthiocholine Iodine (ATCHI) Substrate (5 x 10-2 M): Dissolve
5.78" ATCHI in 90-Ut saline. Dilute to a final volume of 100 mL
with saline. Aliquot into 2.5 Ut in-use quantities, label, and
store at 0 to -20 C. This reagent is not used 6 months followingSthe date of preparation.

(1) COBAS Assay - Dilute 1:4 with saline before use.

(2) Microplate Assay - Dilute 1:15 with saline before use.

f. Assay Buffer: To 100 mL of phosphate buffer (a), add 0.20-g
magnesium chlorid3 (MgCI 2) (0.01 M), 0.01-g bovine serum albumin,
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]



-1

MREF
SOP-88-46

June 1, 1989
Page 10

and 0.002-g sodium azide (0.002 percent). Store refrigerated
until use. This reagent may be used up to 4 weeks past the late
of preparation.

g. AChE Stock Solution (EC 3.1.1.7): Either FBS AChE or eel AChE may
be used as specified by the experimental protocol. FBS AChE is
obtained from the Department of Biochemistry, Walter Reed Army
Institute of Research. It is supplied at a concentration of
approximately 5,O00 U/mL. in IG percent glycerol and 0.1 M sodium
phosphate buffer (pH 7.6) in pre-assayed vials and may be stored
for at least a year at -10 C witii less than 10 percent activity
loss. (NOTE: The storage temperature must "ot ever be lower than
-25 C.) Eel AChE is purchased commercially as a lyophilized
powder of approximately 300.0 U/mg protein. This powder is
diluted to produce an AChE stock solution with a concentration of
approximately 5,000 U/mL by the addition of 5,000 U of the powder
to each 1.0 mL of a 10 percent glycerol and 0.1 M sodium phosphate
buffer (pH 7.6) solution which is subsequently aiiquoted into
vials containing 0.5 mL each and stored at -10 C until use. The
aliquots used are not restored for next day of later use. Frozen
aliquots may be used for up to I year past the date of] preparation.

h. AChE Reagent Solution:

(1) CMBAS Assay: Add 250 pi of packed erythrocyte sample in a
micracentrifuge tube. Dilute to I &L with deionized water
id six to hemolyze the erythrocytes. Centrifuge for 10 min

at 12,000 to 15,000 revolutions per min (rpm) in a Brinkman
micracentrifuge. Decant the supernate and add I at of
deionized water to the pellet. Resuspend the pellet and
centrifuge as before. Decant the second supernate and
resuspend the pellet in approximately 1.0 ml of 1 percent
triton X-100 in normal saline. The Yolu=e in which the
pellet is resuspended may fluctuate depending on the level of
red cell AChE. For Rhesus monkey erythrocytes, 1.0 mL is a
good starting volume. Assay the solubilized material for
AChE activity using the COBAS/FARA analyzer using the GDR
program. Then dilute the material to the desired AChE
activity, for use in the GO aging assay, with the I percent
triton X-100 solution. If the amount of red cell membrane
AChE is low, a larger starting volume of packed red blood
cells may be used. FBS AChE: This is used for testing the
effect of P&T compounds on AChE aging of GO-inhibited enzyme.
Dilute the AChE stock as in Section I.1.g above with assay
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buffer to make a solution that has an approximate AChE
activity of 2 U/mL..

(2) Microplate Assay: Dilute the AChE stock solution described
4 !in Section I.1.g above with assay buffer to make a solution

K , I that has an approximate AChE activity content of 1.0 U/mL.

I i. HI-6 Preparation (2.8 uM): A 2.8 U4 solution is prepared by
dissolving 24.9 mg of HI-6 in approximately 15 aL of assay buffer
in a 25-a volumetric flask. The pH is adjusted to 7.6 and the
volume is then brought to 25 mL with assay buffer. The final
incubation concentration of reactivator should be 800 AM. As
indicated by protocol, 2-PAM or other reactivators may be used in
place of HI-6.

Sj. P&T Compound Stock Solutions (2.0 mM): Add 50.0 pmol of each P&T
compound to approximately 15-aL assay buffer in a 25-mL volumetric

i flask. Mix and bring to a final voluae of 25 mL with assay
buffer. Adjust the pH to 7.6 as needed.

3. Handling of XCSM: The handling of XCSM is conducted in accordance
I with MREF SOP-83-5. The procedures used within this SOP are described

in MREF SOP-83-5 and shall include the labeling (Section G.3),
obtaining (Section G.4), equilibration (Secticn G.5), transfer

g (Section G.6), dilution (Section G.7), transport (Sertion G.8),
packaging (Section G.9), transfer for use within the MKEF
(Section G.10), and securing of XCSH (Secticn H).

4. Dilution of GD to XCSM Levels:

a. GO is diluted to XCSI4 levels (0.5 mg/mL) in MREF Room 2B following
the procedure set forth in FSSP SOP KREF-10 and MREF SOP-83-3.
The preparation of dilutions and the transfer of XCSM is recorded
in a logbook to document each step of operation and to create a
permanent record.

b. The diluent for Go is distilled and/or deionized water. The
primary container for the XGD is a 1.0 mL septum-capped vial,
clearly labeled to indicate the contents, dilution, date of
preparation, and the name of the individual preparing the
dilution. GO dilutions are stored between -60 to -80 C until
used. XGD, prepared and stored in this fashion, will not be used
90 days past the date of preparation.
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c. For routine assay use, a vial is removed from storage and is
allowed to thaw in an XCSM-approved laboratory hood or biological
safety cabinet.

(1) COWAS Assay: The XGO is prepared in assay buffer and the
concentrations used may fluctuate depending on the source of
the cholinesterase and degree of innibition desired. For
Rhesus monkey AChE samples, 0.5 to 5 n0 XGO wili inhibit the
enzyme approximately 25 to 75 percent, respectively, under
the above incubation conditions. For the testing of the
efftect of P&T compounds on the aging rate use tne same XGO
concentration as in the microplate assay.

(2) Microplate Assay: A working dilution is then prepared by
further dilutior of the vial contents to a concentration of
approximately 0.05 j/M. This working solution is kept in a
sealed container on ice until used in the assay.

] 5. Storage of XCSM:

a. XCSM is stored according to the procedures ret forth it.
PREF SOP-8-5. All exempt level protective equipment is worn
during the transport and storage procedure.

b. The primary contiiner in the secondary container is stored in the
freezer in Room 47A, which is secui'ed by locking the door with an
approved cuabitiation lock aid hasp.

6. Microglate Assay Procedure:

a. The microtiter plate reader is turned on and progranmaed to read
absorbance at 414 na for up to a 5 min period. Recording of
change in absorbance data as a function of time is accomplished
either by use of the printer on the microtiter plate reader or via
electronic data capture using a computer connected to the built-in
data interface on the microtiter plate reader.

b. Using the reagents prepared as described in Section 1.1 and
multichannel pipettors (4, 8, 12, or 96 channel, 5-150 pjL),
g6-well flat bottom microtiter plates (8 rows x 12 columns) are
prepared for each AChE assay.

• Initialize each mirratiter plate by collection of a blank
reading against air.

] t.
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AChE Controls - Pipette 10 j1L of assay buffer into each well of
the plate (a minimum of 4 wells is required for edch aging time
point to be estimated). Add 20 j- of AChE assay solution and
incubate at room temperature for tne specified aging interval-
(to simulate aging time). After a minimum of 15 sec, add 20 #L
of assay buffer. Following incubation for the aging interval,

add 20 #L of assay buffer or 2.8 d4 HI-6 and incitbate at room
temperature for 5 min, then assay for AChE activity.

"" G-Inhibited AChE Controls - Pipette 10 #L of XCSM GO solution
into each well of the plate (minimum 4 wells for each aging
time). Add 20 pl of AChE assay solution at time 0 and 20 pL of
assay buffer dnd incubate for at least 15 sec. Incubate for the
specified aging time, add 20 #L of HI-6 solution, then incubate
for 5 min and assay for AChE activity.

" Reactivator Controls - Pipette 10 uL of assay buffer into each
I well of the plate. Add 20 #L of AChE, after at least 15 sec,add assay solution. Add 20 #L of AChE assay buffer into each•JZ••:

well (a minimum of 4 wells for each P&T compound concentration
and aging time comination). Incubate for the specific aging
interv3l to simulate AChE aging time, th,.n add 20 aL of the HI-6
solution. Incubate for 5 min and assay for AChE activity.

1 * Reactivation Samples - Pipette 10 pL of XC•I GD solution into •'
each well (a minimum of 4 wells per each reactivatur
concentration and aging time combination). Add 20 nL of AChEi
assay solution and incubate for at least 15 sec. Add 20 pL of ai
candidate P&T solution and, after the designated aging time, add
20 #L of HI-6 solution. Incubate for 5 min and assay for AChE
activity.

I c. The AChE-GO aging time permits can be as short as 30 sec. The
aging periods used is dependent upon the aging rate of GO-I inhibited ACHE. This may vary between species.

d. Assay for AChE Activity: Following incubatioii. add 75 jL of
0.84 a1 OTN8 solution to each well and mix for 30 sec. When
erythrocyte AChE preparations are used, this time interval should
be increased to 90 sec. ATCHI substrate (75 #Q) solution is then
added to each well and the plate is covered with transparent tape
and placed on the microplate reader. Readirgs at 414 nm are
initiated 45 sec following the addition of ATCHI and are collected
at reguler intervals for up to 5 min.

Revised April 11, 1990 __.
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7. COBAS/FARA Centrifugal Analyzer Assay Procedure:

a. This method wvs developed as an alternative to the microplate
assay procedure for testing the effect of P&T compounds on aging

Sof GD-inhibited AChE. It may be used for studies where the
minimum a;n•, time is greater than I min. The various incubation
times may be cntnged relative to the demands of the protocol used.
The CBAS/iFARA is turned on and the GO reactivator program is
utilized. This program simulates the microplate assay and
contains the following assay parameters:

Measurement Mode: Absorb
Calibration Modle: Factor

Reagent Blank: No Blank

CalirWa tlen Meh: 41 F ac
Temperature: 25 C
Decimal Position: I
Unit: U1/mL

- Analysis:

(1) Sample (Enzyme): 10 pL Oiluent: 5 pL

(2) Incubition: 5 sec

""3) ReAgent I (XG0)! 10 pL Diluent: 5 p.

S.(4) Incubation: 5 sec

4 r(5) Reagent 2 (P&T Compound or Assay Buffer): 20 #L
Diluent: 0

(6) Incubation: S sec

(7) Reagent 4 (Reactivator; e.g., HI-6): 20 #L

(8) Incubation: 300 sec.

-i(9) Reagftnt 3 (DThNB): 150 #L
S(10) Incubation: 120 sec

(11) Start Reagent (ACTI): 10 pl] (12) Readings: The total reading time and interval reading time

are such to permit accurate kinetic analysis. For monkey
erythrocyte cholinesterase, readings are taken at least one
reading every 2 miin up to a total of 14 min.

Revised Aýýil 11, 1990 APF,
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(13) Calculations: The units to which the conversion factor is
derived are those mandated by the protocol, otherwise,
standardized conversion factors may be calculated as shown
below:

Conversion Factor (U/moL) - 0.25/(13.6"0.010) - 1.838
where:

0.25 - square cm area of the cuvette
13.6 - m4 absorptivity of 0TN8
0.010 - sample volume, in mL, used in absorptivity

measurent

Because the values obtained us;ng a factor which results in
U/mL are usually less than 1.0, the units may be converted to
mU/mL by substitution of 1,838.0 as the conversion factor
used in the program. The units may also be expressed as a
function of the total reactant volume (i.e., 0.05 mL) by
substitution of the total reactant volume value for that of
the sample volume in the above equations.

Sample Calculation: The kinetic program on the
instrumentation determines change in absorbance per min from
the data it collects. This is converted to mU AChE per mL by
multiplying by the conversion factor.

AChE (mU/mL) - (change in absorbance/min) * (cortversionfdctar)

Sb. As required for AIhE samples from different species, alterations
in the temperature or the volumes of Steps I to 5 may be made. If
the sample volume is changed, then the conversion factor will needto be changed as indicated in the sample calculation equation.]The total volume of Steps 1 to 5 should equal 50 #L. Section 5.a.is repeated at least two times using a different length of

incubation with each repetition. The time length used in Step 6
"1 will depenJ on the species from which the erythrocytes are

obtained.

c. This assay may be used for determining the aging rate of
erythrocyte AChE by keeping as~ay buffer as Reagent #2. This may
be performed on AChE samples that have not maximally aged by 5 min
of GO addition. Section 12.b would be replaced with additional
Step 6 times ranging between 5 sec to 16 min. If a longer
incubation time than 16 min is required, a second incubation step
may be included in between Steps 6 and 7.

Revised April 11, 1990
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J. Decontamination: Proper protective equipment and clothing must be
utilized tnroughout these operations in accordance with FSSP SOPs MREF-23
and/or MREF-25. All absorbent material covering the hood surface will be
placed in the decontaminating solution after each operation. All

SI disposable glassware in hoods will be submerged in the appropriate
decontaminating sclution (10 percent HaOH) overnight. All non-disposable
glassware in hoods will be) filled with the appropriate decontaminating
solution (10 percent NaOH) overnight. Materials left to soak in
decontaminating solution overnight will be removed from the hood on the
next work day. The glassware, equipment, or non-expendable materials are
rinsed with water and removed from the hood. Expendable items may be
placed directly into a primary plastic bag within the hood. The primary
'lastic bag is then sealed with adhesive tape and placed inside another
plastic bag, which is then sealed with adhesive tape to provide double
containment of decontaminated materials.

Bags of waste must be labeled 0Oecontaminated Materials" with type of
XCSH, date of bagging, bag identification number, and name of person
packaging the decontaminated materials in accordance with MREF SOP-83-3,
Section H. The double-contained materials can then be incinerated.

K. Emergency Procedures: If a XG3 spill occurs, decontamination solution (10
percent NaOH) Rocated within the hood is gently poured or swabbed with

5 soaked i•bsorbent paper held with forceps on the area in an amount that is
at least tenfold in excess of the spill. Uacontaminating solution is then
absorbed with diatcsac&1us earth or other abforbent and deposited into
douhle plastic bags.. Te cleaning/absor~tion procedure is repeated again.

In the event of any incident or exposure, the MREF Manager or his designee
must be notified immediately.

L. First Aid Procedures: Make sure that you protect yourself from
contamination by the casualty. Mask if in doubt. Personnel exposed to a
toxic agent will be removed iumnediately to a shower area where washing and
first aid can je administered by co-workers. If there is any question
about the source of contmination, place the victim under the emergency
shower. Wash the victim dowo with soap; do not scrub as this may enhance
penetration. Notify MRVF on-site medical personnel as quickly as

jl possible.

1. Emeroency Treatment for XGO:

a. Ernergency decontamination when the source of contact is certain:
Remove contaminated clothing. Transfer the victim to clean area
and thoroughly decontaminate with 5 percent NaOCI only in the

Revised April 11, 1990
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' areas below the eyes in the position in which the victim is being
held. Wash skin at once with diluted chlorine-type bleach and
rinse with copious amounts of water. Rinse eles with water only;
rinsing a minimum of 10 min at the eyewash fountain.
Decontaminate with dry tissue or absorbent paper followed by water
in areas close to the eyes. Observe victim for signs and symptoms
of GO intoxication.

b. Emergency decontamination when source of contact is uncertain:
Place victim in shower and remove clothing. Observe for signs and
symptoms of GO intoxication.

c. If victim has symptoms of anticholinesterase poisoning beyond
miosis, inject him with the contents of the atropine/2-PAJ'
autoinjectors at intervals of 5-10 min up to a maximum of three
injections. Note time of each injection on the victim forj reference by physician.

d. If victim has stopped breathing, employ resuscitation with the
ambu-bag immediately. Use the atropine autoinjectors after you
have successfully succeeded in restoring respiration.

2. At the direction of the MREF Manager or on-site Medical Officer the
decontamirated individual may be transported by ambulance to a local
hospital 'tcr further observatici and treatment.

3. In the event of any exposure, the MREF Manager or his designee must be
suqmoned after the immediate emergency is taken care of and informed
of the exposure.

M. Data Calculations and Analysis:

1. Using their respective reagent blank values, the GO-inhibited AChE
control (El), reactivator control (ER), and reactivator-treated aged
AChE (EIR) values are corrected for any absorbance change
contributions from each reactivator on assay reagents. Control AChE
(E) values are used as the basis for all percentage estimates of
reactivator effectivendss. The values described above are used to
calculate the percent reactivation for each reactivator (at each
addition time and reactivator concentration tested) using the
procedure recommended by Keijer et al.:

E
EIR x '- El

Si reactivation • x 100
E - El

iRevised April 11, 1990
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2. These percentage reactivation estimates are then converted to log1s
values which are used to compare the ability of each candidate

' reactivator to inhibit the GC aging rate of AChE at the various
addition times versus the similar values for a standard reactivator
(which are selected by the protocol used). This comparison is
performed using linedr regression estimates for the slope where log,,
percent reactivation is the dependent variable and time of reactivator
addition following GO addition is the dependent variable. A compound
that decreases the GD-aging rate as *all as or better than theSbaseline value is considered a positive candidate compound.

N. References:

1. Pue, G., Artursson. E.. and Bucht, G., Blochem. Pharmacol.,
35(9). 1505, 1986.

2. Keijer, J. H., Woiring, G. Z, and deJwg, L. P. A., Biochem. Siophys.
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STANDARD OPERATING PROCEDURE 89-55

Analysis and Structural Verification of
Atropine Base in Citrate Buffer

A. Statement of Work: This SOP describes the entire procedures for
verification of""identity and quantitative measurement of atropi'le free
base by high performance liquid chromatography (HPLC). The procedures for
structural verification by nuclear magnetic resonance (NMR) of atropine
present in drug formulations are also described. The HPLC effort can be
conducted at either the MREF, HML or King Avenue, but the NMR requires the
facilities at King Avenue.

B. Responsibility:

1. K.-%onnel Qualifications:

All technical staff will be familiar with handling hazardous materials
within the laboratory. Personnel performing the following procedures
must read and sign this SOP.

J2. Leaders: Leaders of each operation wili be designated by the Study
F-rector for thAt operation. Each leader will insure that the
following are obsterved:

a. Only authorized personnel meeting requirements set forth in
Section 8.1 are allowed in the room during operations.

]b. Adequate, approved, protective equipment is available at all times
to personnel at their work site.

c. All leader and technical staff responsibilities specified in the
MREF or HML FSSP are followed when work is conducted at the
respective laboratories.

d. Each MREF and HMI. employee has been trained in the techniqies of
adfinisterlng first aid and self aid.

e. Work under this SOP is performed only in the area(s) or roorr(s)
designated by this SOP.

]~
Revised February 20, 1990

P mR 07E m



MREF
SOP-89-55

February 27, 1989
Page 5

f. No food, beverage, oi" tobacco product is consumed, used, or
brought into the laboratory. The wearing of contact lenses is
"prchibited in the laboratory.

g. The safety requirements of this SOP, as well as normal laboratory
safety, are maintained.

h. All applicable SOPs are read and signed by all technical staff
involved in the operation.

.4

3. Technical Staff: lechnical stdff will be responsible for abiding by
requirements set forth in Section B.2. In addition, they must use
personal, protective equipment provided and develop safe work habitsto protect themselves and fellow workers from injury and to preventdamage to material, equipment, and facilities.

4. Research Oroanization: The organization involded in this research is
the MREF of Batt-T T-Memorial Institute, 505 King Avenue, Columbus,] Ohio 43201-2593.

C. Materials To 8e Used:

1. Solvents and Chemicals: The atropine sulfate solid which will br usedon this program for preparation of analytical standards will beprovided by the U.S. Army Medical Research and Oevelopment Command

(USAMROC) or a source kich can provide an established purity.

If the atropine dosing oiution is not received in a pre-packaged form
upon receipt, the dtropiae dosing solution in citrate buffer will be
stored in subd:jed iV4hting at 4 C. If a pre-packaged form has been
received, it will be stored as directed by the supplier.

?MR spectra will be obtained on dilute solutions of the drug dissolved
in > 99g8 percent deuterium oxide (Stohler Isotope Chemicals or
equivalent). NMR tubes will be the Stohler Isotope Chemicals "Ultra
Precision' ;odel or the equivalent model from other maiufacturers.

Other materials will include acetonitrile (Burdick and Jackson HPLC
Grade), methanol (Burdick and Jackson HPLC Grade), benzene (Burdick
and Jackson HPLC Grade), deionized water or millipore water, glacial
acetic Acid (Baker Reagent Grade), tetrabutylameonium chloride
(Aldrich 984 percent), sodium lauryl sulfate (Aldrich 98 percent),
sodium heptane sulfonate (1-heptane sulfonic acid, sodium salt)
(Aldrich 98+ percent), tetramethylammonium chloride (Aldrich 98+
percent), and helium or nitrogen gas.

Revised February 20, 1990
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0. Equipment: Freezer, refrigerator, labels, first-aid kit, plastic-backed,
absoroent paper, squirt bottles, wiping tissues, beakers, bottles, maxi-
vials, pipettes, pipette bulbs, tissue paper, laboratory coat, protective
eyewear, spatula, stainless-steel pans, glass stir rods, syringes,
needles, forceps, and latex gloves.

Proton NMR spectra will be obtained on Battelle's Varian CFT-20 Fourier
transform NMR spectrometer located in Room 7237-A of the King Avenue
facility.

The HPLC analytical system, to be used consists of the following: HPLC
pump, HPLC ultra violet (UV) detector, HPLC injection system
(autosampler), analytical column, strip-chart recirder (optional),
electronic data system. Any equivalent system may be useJ once
confirmation of performance has been established.

E. Hazards Involved:

1. Solvents: The solvents used in preparing the dilute material .ay have
Faza-i-associated with their use. A copy of the Material Safet:, Data
She,•ts (MSOS) is available from the manufacturer or throu;h 9attelle's
Safety Office at 505 King Avenue. A brief listing of hazards
associated with handling the more commonly used solvents has been
includeJ:

a. Acetonitrile: Acetonitrile is a flammable l1,uid that must be
handled as a solvent with a dangerous fire risk. The flash point
of acetonitrile is 5.56 C. The 193-331939 ACGIH TLV fir
acetonitrile is 40 parts per million (ppm) as an 8-hr TWA and
60 ppm as a 15--in STEL. Skin contact may also represent a
significant route of exposure.

b. Methanol: Methanol is a famlaable liquid that must be Nandled as
a solvent with a dangerous fire risk. The flash point (open cup)
of methanol is 12.2 C, with an autoignition temperature of 464 C.
The 1988-1989 ACGIH TLV for methanol is 200 ppm as an 8-hr TWA and
250 ppm as a 15-oin STEL. Also, skin contact may represent a
significant route of exposure.

c. Benzene: Benzene is a flammable iiquid that must be handled as a
solvent with a dangerous fire risk. Benzene is toxic by
ingestion, inhalation, and skin absorption. Benzene is regulated
as a ca-cinogen by the Occupational Safety and Health
Administration (OSHA) resulting in excess leukemia. Containers
must say *DANGEP CONTAINS BENZENE CANCER HAZARD." OSHA 8-hr
permissible exposure limit (PEL) I ppm, Action Level - 0.5 ppm.

Revised Febr':ary 20, 1990
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F. Safety Requirements:

1. Hoods: Hood fý..o velocity must average 100 ± 20 lfpm. The average is
computed from inuividual readings taken in approximately eech square
fact of hood face (usually nine readings). No equipment will be

withn 20ca of the face of the hood.

I2. Protectivt Equipment: When working in the laboratory, the following
c•othing and protective gear are required as a minimum for all
personnel. This equipment must be used as directed in the FSSP.

lab coat
latex gloves (as needed)
protective eyewear

J All provisions of the FSSP apply to the checking and testing of
gloves, aprons, and other protective equipment.

S3. First Aid: The location of the nearest eye-wash fountain, shower, and
fire extinguiiher will be known to all workers before work begins.

G. Procedures:

1. MREF Entry: 2efore entering the secured facility, note the status of
the "Agent-in-Use' 1 ight at tha turn~tile. Tf the "Agent-in-Use"
lights• re turred on; note the room location and be sure that upon
entry to the laborao y area all safety equipment and procedures
described in FSSP SCP HREF-18 are in place. Upon entry of the rootu,
confirm that there art no audible alarms. No operations can be
"initiated in a room with audible alarms. After entry, personnel will
observe the m.agnehelic gauge on the hood. If inspection reveals that
the hood has failed, is marginal in flow, or operates outside the
guidelines of FSSP SOP MREF-21, the problem is reported to the MREF
Manager and the operation does not begin.

J 2. Hood Set Uo: The operation hood area must be prepared with all
materials necessary to perform the operation prior to starting the
operation. All materials will be kept behind the 8-inch line in the
hood.

3. Sa!le Pre, p ration: The drug formulation samples provided for
analysis will be manipulated so that the interference of solvents and
"other co•ponents associated with the samples is minimized to prov:.Je
relatively pure drug samples for NMR analysis.

Revised February 20, 1990
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HPLC analyses may be performed on either the dosing formulations as
received, dilutions of the parent materials, or on refereice standard
solutiors of known concentration.

a. Analytical Reference Standard: Solid atropine sulfate standard :1
used as a reference material is dried at 100 C, 0.4 mm Hg for 3 hr
prior to use in a vacuum oven. This ir performed by placing the V
solid material contained in its original container which has had
its cap removed into a pre-heated oven. The oven is sealed and
the vacuum adjusted to 0.4 rmm Hg.

b. NMR: For the NMR sample preparation. 1 mL of test sample is madeSa-ic with 2.0 mL of 0.1 M sodium hydroxide to reach-a pH of

approximately 13 (verified by color pHast paper). This solution
is stirred rapidly with benzene (5.0 mQ) for 15 min and then
poured through Whatman lps phase separation paper (with 1.0-mL
benzene rinse). The filtrate is stirred for I min with 2.0-mL
deionized water and this mixture is passed again through a fresh
phase separation paper (with 1.0-mL benzene rinse). The benzene
filtrate is evaporated in a rotary evaporator to yield atropine asits free base. The sulfate is reformed by adding a slight molar

excess of dilutp 02S04 in 020 to the free base.

NK samples are prepared by transfer of the dei-terium oxide
solution and transferred into an NMR tube (tube cappei after
transfer) for NMt analysis.

C. HPLC sis: Samples are either analyzed directly or can be
diluted so that the expected concentration range is between 0.1and 1.0 mgJ/mL.:!i•

4. Preparation of Standard Solutions: Standard solutions of atropinesulfate are prepared for iMR reference spectrum and HPLC standardcurve determinations.

a. NMR: Within a glove bag thoroughly flushed with dry nitrogen or
argon, weigh 10 1 0.1 mg of atropine sulfate onto weighing paper.
Transfer the sample into a screw-capped bottle and ciose tightly.
Outside the bag, dissolve the sample in an accurately measured
volume of 10.0 mL of deuterium oxide and recap the bottle to
minimize the contamination of the sample with undeuterated
moisture.

b. HPLC: Weigh 50 t 0.1 mg of atropine sultate onto weighing paper.
Suantitatively, transfer the sample into a 50-mL volumetric flask
containing aoproximately 40 mL of mobile phase (see Section G.6.b)

Revised Febr'ary 20, 1990
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Mix the solution thoruyhiy on a vortex mixer. Dilute to 50.0 mL
'.ithi Lhe mobile phase and remix the solution. The resulting
concentration of the atropine sulfate will be approximately
I mg,'mL.

Mix and dilute the atropine sulf.te stock solution with the mobile
phase as folilos:

10.0-mL stock + 0.0-nmL mobile phase
5.0-ml. stock + 5.0-nrL mobile phase
2.2-trL stock + 7.5-nL mobile fhase
1.0-mL. stock + 9.0-anL mobile 1hase
0.0-mtI stock + 10.0-mL mobile ohase

The atropine sulfate concentrationt obtained are 1.00, 0.50. 0.25, L
0.10, and 0.0 mg per mL.

Diluted standard solutions are kel.. refrigerated until use.
Standards may be kept refrigerated for up to 30 days.

S. Analysis Start-Uo: NMR is per'orzed to verify the structure of
atropine sulfate. HPLC is performed to quantitatively determine theconcentrationarin of th°s~lsatropine sulfate and confirm the identity of the,,:,.,;:i./j
atrapine in thr sample,..F

a. Ni.: Calibrate the N•" instrument and data systeim according to
instructions in the operator's ma.-ma 1 . When properly calibrated
against the stand°M referenci solutions identified in the manual.
proceed with the analysis Section G.7.a.

b. quantitative HPLC: Prepare HPtC .cbile phase for quantitative
analysis by dissolving 2.2 g of sodium heptane sulfonate
(1-heptane sulfonic acid sodium salt) and 2.7 g of
tetramethylammonium chloride in approximately 90 ir. of deionized
water. Add 1.0 mL of glacial acetic acid and dilute to I L and
mix. Filter buffer solution before using.

The mobile phase may be established using a gradient system with a
78 aercent buffer : 2 percent methanol : 20 percent acetonitrile
ratio or mixed prior to analysis. To mix the mobile prior to
analysis, add 780 mL of the buffer prepared above to a I-L glass.
bottle, add 20 X of methanol and 200 mL of acetonitrile and mix.
Cnce the buffer has been prepared, it must be filtered and used
within 30 days.

Revised February 20, 1990 .AJP'cy
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Insure that the appropriate analytical cclumn has been installed
in the analytical system, and that the injector is equipped withI t at least a 20 #L sample injection loop.

NAll mobile phase wst be filtered and degassed for at least 5 mini• ,),Lwith nitrogen or helium. prior to use.

The detector and the pump must be turned on for a warm-up period
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.0 a4./min during the warm-up period. AfterL'; approximately 15 min, measure the flow for 5 min with a 10-mL

graduated cylinder. The flow rate must be set at 1.0 ± 0.1
ad./min. Adjust the flow rate setting on the pump controller if
necessary to obtain an actual flow rate within these limits and
re-check flow.

After the pump has been on for 30 min, adjust the detector zero
with the balance control with the detector atteruation set at the

:jti. s Uappropriate attenuation. Adjust the recorder to electrical zero
at '0" chart units. Adjust the detector zero to slightly above
the electrical zero position with the recorder balance ighntrol.

c. HPLC Identity Confireati oi: Prepare HPLC mobbile phase foridentity contirmation by idding 6.0 g of sodium lauryl sulfate and3 1.0 g of tetrabutylaummnium nitrate to a 1-I. volumetric flask and
. ,dissolve the reagents in approximately 500 ml of deionized water.

Add 20 s.. of glacial acetic acid to the solution and mix. The
volumetric flask is filled to the I-L mark and the solution
re-mixed. Filter the solution with a 5 #a filter and store in a
clean glass bottle. Use within 30 days.

The mobile phase may be established usirg a gradient system with a
60 percent buffer : 40 percent acetonitrile ratio or mixed prior
to analysis. To mix the mobile prior to analysis, add 600 mL of
the buffer prepared above to a I-L glass bottle and add 400 mL of

691 11 acetonitrile and mix. Once the buffer has been prepared it must
be used within 30 days.

Ki 1Insure that a Supelco LC-I column or equivalent has been connected
to the injector and detector and the injector is equipped with a
20 pl. samole injection loop.

"I ~All mobile phase must be degasse-i for at least 5 min ,with helium

or nitrogen prior to use.
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The detector and the pump must be turned on for a warm-up period
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.0 mL/min during the warm-up period. After
approximately 15 min, measure the flow for 5 min with a 10-mL
graduated cylinder. The flow, rate should be 1.0 t 0.1 mL/min.
Adjust tne flow rate setting on the pump if necessary to obtain an
actual flow rate within these limits and re-check.

K ] After the pump has been on for 30 min, adjust the detector zero
with the balance control with the detector set at the appropriate
attenuation. Adjust the recorder to electrical zero at '0" chart13 units. djust the detector zero to slightly above the electrical
zero position with the recorder balance control.

6. Analysis of Samoles: Wi is performed for structural confirmation.
HPLC standards M collected samples are analyzed to determine
concentration and identity confirmation.

a. W4MR: Multiple acquisitions (> 100 transients) are generally
7reuired. Spectra will be printed on standard NMR paper and
computer referenced to the chemical shift of sodium

I 2,2-dimethyl-'-silapentane-i-sulfonate determined on the same day
to faci!itate interpretation.

b. Q _jantLvative HPLC: The followinq is a set of HPLC conditions that3 Rave m ftoeJ"do be satislactoay for qumtitative analysis of
atropine sulfate by HPLC (reference I):

3 Column: CIS u-8ondapak or equivalert, 250-mm long x 4.6-mr inner
diameter with 5 micron particle size.

Mobile Phase: See Section G.6.b

0etector: UV 9 260 rw

Flow Rate: 1.8 m./amin

hiInjection Volume: 20 pl.
For quantitative analysis of atropine sulfate samples, transfer

I-mt. duplicate aliquots of each atropine sulfate standard to
"autosampler vials and place the vials in the autosampier in
ascending concentration order. Set up the data system to acquire
data for each standard as described in the instruction manual.
Tr-ansfer I-mL duplicate aliquots of each sample to autosampler
"vials and place the vials in the autosampler.
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For every ten samples to be analyzed, one blank sample and one
standard must be analyzed as a minimum. All samples must be
analyzed under the same conditions as used for the standards.

c. HPLC Identity Confirmation: For confirmation of the identity of
atropine sulfate by HPLC. a second set of HPLC conditions is
employed. The following is a set of HPLC conditions found to be
satisfactory for the confirmation of atropine.

Column: Supelco LC-1, 250-m long x 4.6-.m inner diameter, with

].15 micron particle size.

Mobile Phase: See Section G.6.c

4 : j Detector: UV @ 254 nm

Flow Rate: I m~lmin
Injection Volume: 20 PL

I For confirmation purposes, analyze an atropine sulfate stadirkd
and a sample from the formulation under these HPLC conditions.

7. Instrument Shut-Oowi:

a. When the instrument is not to be used for extended periods of
time, the system must be shut dotw following manufacturer's

Sinstructions to ensure column life and instrument stability.

b. For overnight shut-down, turn off the UV detector, chart recorder,
K j ]and pump controller.

c. For weekend shut-down, follow the same procedure as for overnight
shut-doan but also cap off the analytical column to prevent the

* solid phase from drying.

S. Data Reduction: The NMR spectra obtained in Section G.7 are compared
to reference ! spectra for atropine to verify structural identity.
The HPLC samples analyzed in Section G.7 are compared with results
obtained from known reference standards to determine concentration.

a. P•W: Compare the NMW spectrum for the sample with the spectrum
7ootained for the atropine sulfate referenco standard. Verify
correspondence of chemical shifts, multiplicities, and intensities
for structural verification in conjunction with HPLC findings.
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b. Quantitative HPLC: Obtain nr;lotouts of the peak areas for each
standard and sample as describtd in the data system instruction
manual. Prepare a standard cLrve from the peak areas versus
concentration of the standards

Determine the atropine sulfate zoncentration in the samples and
control standards using the stindard curve. If necessary, correct
any dilution made to the sample'; prior to analysis.

If the response for any of the :iintrol standards varies from the
predicted response by more than .!. 10 percent, then the samples
associated with that standard A-e reanalyzed.

c. HPLC Identity Confirmatien: HPLC confirmation of the identity of
atropine sulfate is performed by analysis under a second set of
HPLC conditions. Compare the retention times and relative
responses of the atropine sulfate reference standard and sample
peak for structural confirmation in conjunctiun with the first set
of HPLC results and WV conclusions.

H. Emergency Procedures: All personnel involved in the HK or MREF
laboratory operations, must be familiar with the respective laboratory's
FSSP, and the ezergency pr-ctedures det3iled within this document. All
persornnel involed in the King Avenue operation aust be familiar with HEG
H/SF --01 and the --mergtrncy pr-xedures aetailed within this doct:ent.

I. Fist Aid Procedures: First aid and self &id at the KIEF are to be
conducted as specified in the FSSP.

J. References:

1. *Assay of Formulated Atropine Solution, WR-6241AX, 8107753, Lot
.1 I No. RU7144,* Report No. 527. Contract No. 0AM017-85-C-5141, SRI

International Project No. 8504, December 10, 1985.

R e r2cah
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STANDARD OPERATING PROCEDURE
MREF SOP-69-62

TITLE: Extraction and Analysis of a 1-(2-Hvdroxyiminoiethylpyridinium)2-
T4-Carfooxyamdo-P ridinim)-O'imethyl Ether Dichloride (HI-6T fromjBlood Using High Performance Liquid Chroeatography HPLC)

LABORATORY: MREFHML, or King Ave. SOP APPROVAL DATE: .7,,0, 19 I990

]PLACE OF OPERATION OR TEST: Any safety approved laboratory within the
approved faci lities

This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract DAMO17-89-C-9050 and will be effective for one year from date of
approval unless sooner rescinded or superseded.

No deviation from this SOP will be permitted. Whenever the approved method is
changed, the SOP will be revised.

Supervisory personnel will assure that all personnel involved with this SOP
have been properly trained and instructed in its provisions and attest to this
requirement by affixing their signatures on page 3.

A. copy 4f this SOP wiIl be posted at the job site whenever the operation is
b•eing•erforoed.

Revised By:_______________________ j Signature/Date

Timothy L. Hayes, Princiral Research Scientist

Printed Nane/Title

Approved By:% at r at
-- J- Signature/Date

. Garrett S. Dill, O.V.H., Manager
Printed Name/Title

J ~ ~Approved By:__ _ _ _ _ _ _ _ _ _ _

Signature/Date /

4 • Oavid L. Stitcher, CIH, Safety/Surety Officer
Printed Name/Title

I
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Approved By: '

Signature/Uate

"1 Quality Assurance Unit
Health and Environment GroupPrintea Name/' 'te

Charles K. Burdick, Director
Total Qual'ty Program

Health and Environment Group
Prined Name/Tit l

R

J
J
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SIGNATURES

I have read and understand the contents of MREF SOP-89-62.

Signiture eSinature

IR] 6se Jun"7,1_9

Ii_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I,

11' _ _ _ _ _ _ _ _ _ _ _ _

I
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STANDARD OPERATING PROCEDURE 89-62

Extraction and Analysis of e 1-(2-Hydroxyiminomethylpyridinium)-2-
(4-Carboxyamido-Pyridinium)-OimethyI Ether Dichloride (HI-6) from Blood

Using High Performance Liquid Chromatography (HPLC)

A. Statement of Work: This SOP describes the method fcr the determiqation of
a 1-(2-hydr-xyiminowmthylpyridinium)-Z2-(4-carboxyamido-pyridinium)-
dimethyl ether dichloride (HI-6) in whole blood. The method incorporates
centrifugation, acidification, and liquid-lau •,d extraction for sample
clean-up. The prepared sale is analyzed by high performance liquid
chromatography (HPLC). ihe sample preparation and analysis methods
detailed here were developed in support of pharmacokinetics studies
performed at Battelle's Medical Research and Evaluation Facility (MREF).

B. Responsibility:

All technical staff will be familiar with the safe handling practices of
chemical materials within a laboratory. Personnel performing the
following procedures must read and sign this SOP. They must use person&o%
protective equipment required by the Facility Safety and Surety Plen
(FSSP) while woring within the aRE and develop safe work habits to
protect themselves and fellow workers from injury and to prevent damage to
material, equipment, and facilities.

The organization involved in this research is the [4IF of 34ttelle
Colu s Operations, 505 King Avenue, Coluabus, OH 43Q 1.-2693.

C. Materials To Be Used: Potassium phosphate dibasic, 1-heptanesulfonic
acid, triethylamine, acetonitrile, chlodform, iiopropyl alcohol, methyl
alcohol, trichloroacetic acid, HI-6, 1,1'-methylene-bis
[4-(hydroxyiminomethyl) pyridinim] dichloride (,"S-4), acetic acid, and
potassium hydroxide, labels, plastic-backed absorbent paper, brown paper.
and wiping tissues.

0. Equipment: Freezer, refrigerator, first aid ki.. plastic-backed. squirt
i bottles, beakers, bottles, maxi-vials, pipettes, pipette bulbs, laboratory

coat, safety glasses, spatula, stainless-steel pans, glass stir rods.
syringes, needles, forceps, and latex gloves.

E. Hazards Involved:

1. Solvents and Ch-nicils: The solvents and chemicals used in this SO?
may have hazards associated with their use. The Material Safety Data
Sheets (KSDS) are available in the MREF office files or through

"-q Battelle's Safety Services Oepartment at 505 King Avenue.

"Revised June 7, 1990
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F. Procedures:

1. MREF Entry: Before entering the secured facility, note the status of
the Agent-in-Use" light at the turnstile. If the "Agent-in-Use*
lights are turned on, note the room location and be sure that upon
entry to the laboratory area that all safety equipment and procedures
described in FSSP SOP MREF-18 are in place. Upon entry of the room,

.2 confirv that there are no audible alarms. No operations can be
j• initiated in a room with audible alarms. After entry, personnel will

observe the magnehelic gauge on the hood. If inspection reveals that
I j the hood has failed, is marginal in flow, or operates outside the

guidelines of FSSP SOP MREF-21, the problem is reported to the MREF
Manager and the operation does not begin.

2. Hood Set Up: The operation hood area must be prepared with all
materiRaTsnecessary to perform the operation prior to starting the
operation. All uaerials will be kept behind the 8-inch line in the
hood.

Plastic-backed, absorbent paper must be used to protect the work
surface of the hood.

3. Solution Preparation:

ao. Nobile Phaso &offer: Accurately weigh 4.1 a 0.01 g
1-heptanasulfonic acid, and 17.4 * 0.01 g potassium phosphate
dibasic onto weighing paper. Quantitatively transfer each
chemical into a Z-L volumetric flask containing approximately
1500 mL lillipore water. Deliver 2.81 mL * 0.01 of triethylamine
(using a 5,000-ptL gas-tight syringe) to the resulting solution and
mix well. Adjust the pH of the solution to 4.1 1 0.1 with glacial
acetic acid (approximately 28 mL). Mix well and dilute to volume
wi th milliport water. Filter through a 0.45 pm filter.

b. 20.0 mg/mL ?W-4 Stock Solution: Weigh 100 a 0.01 mg of neat
MMS-4 in a weighing dish. Quantitatively transfer the weighed
material into a S-mL volumetric flask containing approximately
2-eL millipore water. Vortex mix the solution for approximately
30 seconds and dilute to volume with millipore water. Vortex mix
the final solution for an additional 30 seconds and transfer to a
teflon cap lined screw cap vial for storage and label
appropriately.

c. Mobile Phase Oiluent with Internal Standard: Accurately measure
.4 and dispense 625 #L MHB-4 stock solution at 20.0 mg/mL (using a

1,000 #L gas-tight syringe) into a 100-mL volumetric flask
containing approximately 50 mL solle phate buffer. Mix well.
eilute to volume with mobile phase buffer. Mix resulting solution
again, label and store in refrigerator until use.

Revised June 7, 1990
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Each day before using diluent, remove a 15 mL aliquot and pH
solution to pH 6.2 with a solution of concentrated potassium
hydroxide (KOH) (< 0.05 mL).

Prepare the concentrated KOH solution by dispensing approximately
I g of KOH into a 50-mL beaker and add enough millipore water to
dissolve the KOH. CAUTION: Process is extremely exothermic.

d. RIl-6 Stock aid Spiking Solutions: Two standard solutions of HI-6
are prepared for the purpose of spiking whole blood. These spiked
whole blood samples are used as analytical standards.

(1) 10.1 mg/mL HI-6 Stock Solution: Accurately weigh 100 t I mg

of HI-6 on weighing paper. Quantitatively transfer the HI-6
into a 10-mL volumetric flask containing approximately 5 mL
millipore water. Mix well until dissolved. Oilute to volume
with millipore water and mix again. Store the solution in a
teflon lined screw cap vial and label appropriately.

(2) 0.506 mg/mL HI-6 Spiking Solution: 'nto a 10-&L. volumetric
flask containing approxisately 5 m miillipore water, deliver
500 #L os the 10. 1 mg/u HI-6 stock prepared in
Section F.3.d.(1) (using a 500-pL as-tight syringe). Mix
well and dilute to volume with mil ipore water. Mix on a
vortex mixer. Store the solution in ak teflon lined . rivw capvial and label appropriataly.

e. Preparation of Acetonitrile-lsopropyl Alcoba! (ACNJ-PA) Solution:

Pour 200 t I mL of spectroscopic grade IPA into a I-L -wolumtric
flask. Fill the remainder of the volume with ACA and mix
thorouqhlv. Store the solution in a teflon lined screw-cap vial
and label appropriately.

f. Preparation of 14-6 Analytical Standards and Blank:

(1) 101-pg/uL Analytical Stardard: Into a 13 x 100-ma round
bottom polypropylene test tube containing 10 a 0.1 mL of
whole blood, add 100 t I pL of the 10.1 sq/mL HIi-6 stock
solution prepared in Section F.3.d.(1) using a IO0-#L gas-
tight syringe. Cap a,-4I gently mix the solution by rotating
the test tube end over enJ for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1,500 x g. A`.er the solution has
separated use a micropipette to transter the top *clear'
plasma l]yer to another 13 x 100-;= test tube for extraction.
Be careful to label the tube with the spiked concentration
and date. The samples are stored in the freezer at -20 C
until used.
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(2) 50.6-pg/mL Analytical Standard: Into a 13 x 100-mm round
bottom polypropylene test tube containing 10 t 0.1 mL of
whole blood, add S0 1 0.1 #L of the 10.1 mqlmL HI-6 stock

j solution prepared in Section F.3.d.(1) using a 50-juL gas-
tight syringe. Cap and gently mix the solution by rotating
the test tube end over end for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and Z
centrifuge for 15 sin at 1,500 x g. After the solution has
separated use a micropipette to transfer the top *clear*
layer to another 13 x 100-mm test tube for extraction. Be
careful to label the tube with the spiked concentration and
date. The saiples a,-e stored in the frcezer at -20 C until
used.

(3) 25.3-pjg/aL Analytical Standard: Into a 13 x 100-m. round "
bottom polypropylene test tube containing 10 t 0.1 .4 of
mhole blood, add 25 ± 0.1 pL of the 10.1 mg/mL HI-6 stock
solution prepared in Section F.3.d.(1) using a 25-pL gas-
tight syringe. Cap and gently mix the solution by rotating
th. test tube end over end for 10 rotatians. Place the
caed test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1,500 x g. After the solution has
separated use a micropipette to transfer the top "clear"
layer to another 13 x 100-m test tube for extraction. Be
cAreful to T±±,l the tube with the spiked concentration and
d~te. The saVles are stored in the freezer at -20 C until
us"U.

(4) 10.1-A/Im. Analytical Standard: Into a 13 x 100-rm round
bottom polypropylene test tube containing 10 * 0.1 ml. of
jWole blood, add 10 t 0.1 #L of the 10.1 mg/mmL 141-6 stock
solution prepared in Section F.3.d.(Q) using a 10-ptL gas-
tight syringe. Cap and gently mix the solution by rotating
the test tube end over end for 10 rotations. Place the
capped test tibe into a refrigerated centrifuge at 25 C and
cetrifuge for 15 sin at 1,500 x g. After the solution has
separated use a micropipette to transfer the top *clearI
layer to another 13 x 100-rm test tube for extraction. Be
careful to label the tube with the spiked concentration and
date. The saples are stored in the freezer at -20 C until
used.

(5) 5.06-pg/ai Analytical Standard: Into a 13 x 100-mr round
bottzýa poiypropylene test tube containing 10 * 0.1 mL of

4 while blood, add 100 z 1 #L of tho 0.506 mg/mu HI-6 stock
solution prepared in Section F.3.d.(2) using a 100-,sL gas-
tight syringe. Cap anJ gently mix the solutlor by rotating
the test tube end over end for 10 rotations. Place the
"capped test tube into a refrigerated centrifuge at 25 C and
centrifuge fnr 15 min at 1,500 x g. After the solution has
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separated use a micrcpipette to transfer the top "clear"
layer to another 13 x 100-mm test tube for extraction. Be
careful to label the tube with the spiked concentration and
date. The samples are stored in the freezer at -20 C until
used.

(6) ?.53-pg/mL Analytical Standard: Into a 13 x 100-nm round
-i bottom polypropylene test tube containing 10 1 0.1 mL of

whole blood, add 50 t 0.1 #L of the 0.506 mg/mL HI-6 stock
solution prepared in Section F.3.d.(2) using a 50-#L&gas-
tight syringe. Cap and gently mix the solution by rotating
the test tube end over end for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1.500 x g. After the solution has
separated use a micropipette to transfer the top "clear"
layer to another 13 x 100-mr test tube for extraction. Be
careful to label the tube with the spiked concentration and
date. The samples are stored in the freezer at -20 C until
used.

(7) 1.01-pg/mL Analytical Standard: Into a 13 x 100-rn round
bottom polypropylene test tube containing 10 * 0.1 mL of
whole blood, add 20 t 0.1 pl of the 0.506 mg/mL 1I-6 stock
solution prepired in Section F.3.d.(2) using a 25-pL gas-
tight syringe. Cap and gently mix the solution by rotating
Oe test tube end over end for 10 rotetions. Place the
capped test tube into a refrigerated centrifuge at 25 C and

j centrifuge for 15 min at 1,500 x g. After the soluticn has
separated use a micropipette to transfer the top "clear'

" layer to another 13 x 100-mr test tube for extraction. Be
careful to label the tube with the spiked concentration and
date. The saples are stored in the freezer at -20 C untilused. l

(8) 0.506-pg/mL Analytical Standard: Into a 13 x 100-ae round
bottom poiypropylene test tube containing 10 t 0.1 mL of
"wh'le blood, add 10 t 0.1 p1. of the 0.506 mg/m. HI-6 stock
"solution preoared in Section F.3.d.(2) using a l0-pL gas-
tight syringe. Cap and gently mix the solution by rotating
th. test tube end over end for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1.500 x 1. After the solution has
separated use a micropipette to transfer the top "clear"
layer to another 13 x 100-nu test tube for extraction. Ce
careful to label the tube with the spiked concentration and
dzte. The samples are stored in the freezer at -20 C until
used.

Revised June 7, 1990
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(9) 0.0-pg/mL Analytical Blank: Into a 13 x 100-mm round bottom
polypropylene test tube containing 10 t 0.1 mL of whole
blood, add 100 t I #L of the millipore water used in
preparation of spiking solution using a 100 #sL syringe. Cap
and gently mix the solution by rotating the test tube end
over end for 10 rotations. Place the capped test tube into a
refrigerated centrifuge at 25 C and centrifuge ror 15 min at
1,500 x g. After the solution has separated use a
micropipette to transfer the top *clear' layer to another
13 x 100-m test tube for extractioi,. Be careful to label
the tube with the spiked concentration and date. The samples
are stored in the freezer at -20 C until used.

4. Equipment Preparation:

a. Instrument Preparation: The HPLC is prepared for use with the
following recomawned initial settings:

(1) Column - 15 cm x 4.6 m inside diameter (I.0.) Zorbax LC-8
with 5 pm partial size.

(2) Guard Column - 2 c,, x 4.6 = I.0.
Zorbax LC-8 with 5 ps partial size.

(3) Mobile Phase: 80 percent buffer (see Section F.3.a)
5 percent ACN-IPA mixturv (set Section Fo3.e)

15 percent spectroscopic grade sethyl alcohol.

(4) Mobile Phase Flow Rate: 1.. /main.

(5) Injection Loop: 20 p. volume.

(6) Detector Wavelength: 304 m.

(7) Absorbance Units Full Scale (A.U.F.S.): 0.02.

b. Column Conditioning: The column needs approximately 45 mrin ofSmobile phase conditioning before it can be used to analyze
"samples. This conditioning insures that all stationary phase has
reacted with th ion-pair reagent.

c. Column Check: The integrity of the column needs to be checked
before samples are analyzed. The proteins and impurities in the
"blood samples can adhere to the guard column's stationary phase
and frits causing a reduction in resolution. To reaedy this
problem the column must be cleaned and the guard column changed. r
To determine whe, the;e maintenance procedures need to be done a
25 #g/mt HI-6 standard can be analyzed and the resolution between
the HI-6 and M#M8-4 is determined. When reduction in resolution is
observed, the column must either be cleaned or replaced. The

-- Revised June 7, 1990
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guard column should always ýe replaced and conditioned without the
analytical column in place.

5. Soiking and Extraction Procedures: The calibration standards and
unknown samples are prepared using the same procedures detailed below.

a. Using a 1.O00-,aL pipettor, place l,O00 pL of either a plasma
unknown, or calibration sample into a prelabeled 1.5-amL
microcentrifuge tube.

b. Spike each microcentrifuge tube with 30 aL of a 50 percent
trichloracetic acid solution prepared in water. Vortex mix the
solution until a milky suspension is observed. -.entrifuqe the
solution for 10 min at 10,000 x g to remove the suspended mterial
from solution. Remove the clear supernatant layer using a
disposaoie transfer pipet and dispense into prelabeled Ij x 103-m
test tube. The lower precipitate layer can be discarded at this
time.

c. Spike each test tuWe prepared in Section F.6.b with 250 #L of
mobile phase diluent prepared in Section F.3.c using a 250-#L gas-
tight syringe and mix the solution thoroughly using a vortev
mixer.

d. Into each test tube prepared in Section F.6.c, dispense
5 * 0.05 aL of chloroform using a calibrated autopipettor.

a. Cap eact tube securely and place into a test tube rack. Place the
rack of samples onto a rotating mixer and rotate the samples for
apprninately 15 min at 30 revolutions per min (rpm). The
solutions will turn extrmely milky in color indicating the
precipitation of the protein materials within the plasma matrix.
Once this initial precipitation of the protein has been
acccmplished, reduce the rotation speed to 10 rpm ana continue to
operate for an additional 45 min. This provides a 1 hr extractionpe riod.

f. The rack containing the tubes is removed from the rotating
extractor and the resulting solutions centrifuged for 1 hr it
1,500 x g. This step should remove all solid material from the
superratant layer. Be sure that the centrifuge brake has been
adjusted so that the solid layer is not disrupted when thecentrifuge is stopping.

g. The clear aqueous supernatant layer i5 removed from each sample
and dispensed into labeled autoanalyzer vials. The sample vials
are tightly capped and made ready for analysis.

Revised June 7, 1990
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]6. Instrument Calibration: Instrument calibration must be performed each
time quantitat.on or samples is required. The instrument cali raticn
is performed by injecting 20 ± 0.1 #L each of the extracted plasma
blank and the analytical standards prepared in Section F.3.f using an
autosampler. A complete set of analytical standards is analyzed prior
to analysis of any sample extracts. Once calibration of the
instrument has been performed and the linearity checked, the sample
extracis are analyzed with at least every sixth sample being an
analytical standard to check the calibration of the instrumefit. A
complete set of analytical standards is analyzed following the last
sample. All analytical standards analyzed are used to develop a
complete calibration curve for quantitation of the sample extracts.
No sample amount may be reported that exceeds the range of the
analytical standards. Samples that yield responses less than the
calibration range will be reported as less than the lower quantitation
limit. Any sample response that exceeds the largest analytical
standard will be reported as greater than the highest analytical
standard, and must be either diluted to witnin range o.- the
calibration range extended for quantification of the sample.

7. Analysis of Analytical Blank: The analytical blank prepared in
Section F.3.f.9. is analyzed to determine the quality of the reagents
used, and to determine if the presence of sample matrix components3 interfere with the analysis method.

8. Analysis of Samples: Samples and calibration standards are analyzed
Lusing the sample procedures. At, least every sixlLh analysis should be
a analytical standard or analyt4ca! blank.

9. Calculations: The sample amounts are calculated using an interral
standard method of calibration. The calibration data is analyzed
using a linear regression model to estimate the parameter values for
the model.

a. Using a simple linear regression program, enter the peak area
ratio of HI-6 to 1M9-4 as the ordinate (y-value) and the
corresponding standard concentratioci as the abscissa (x-value).
The regression model used to generate the slope, intercept, and
correlation coefficient for HI-6 in the calibration data is:

S~y - bx + a

b. If a regression program is not available, program the following
calculations:

JiY) (Re)d -u(x)e(1XY)]

[n(ZA2 )-(Ex)2

Revised June 7, 1990. ... ..
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I
-j In(axy)-(rx)(ry)]

aa-

r n (n L 2 ) -( a ) 2y
[n (zxy) -(r) (ry) ]

where,
y - ax +b

a - slope
b - y-intercept
r - correlation coefficient
x a peak area
y - airount GD in ng
n - number of replicates

c. All data points obtained from the analysis of the analytical
stdndards are used to calculate the regression model estimates.
In addition the percent relative standard deviation (NRSD) between
replicate standards should be monitored to insure that the
instrument response dmes not change excessively during analysis.
The •RSD for any set of analytical standards should not be greater
than 10 percent. If the %RSO for any set is greater than
10 percent, the analysis is stopped and the problem corrected
prior to resuming analyses. Do not include the results of the
analytical bidnk analyses in the calibration calculations as this
1ill weigh the regression toward zero.

d.•, ..... . the anal%,te and internal stbndard peaks in the unknown
sarple chromatogrvms an perd ofeach peak area. The ratio of theanalyte versus the internal standard is calculated and the value

recorded. Using the regression values calculated from the
calibration data, calculate the concentration for each sample
using the formula above.

S10. Column Clean-Up: After each set of samples are analyzed, the column
must te cleaned to remove proteins and peptides adhering to the
stationary phase. This is accomplished by flushing the column with aSseries of solvents over a ppriod of time. The seunerecommended
for this clean-up is:

S~Millipore water at 1.5 mL/min for 60 min.

ACM at 1.5 mL/min for 10 min.

IPA at 1.0 mL/min 10 min.

JRevised June 7, 1990
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j50:50 IPA/chloroform ramped program
1.5 mL/min - 2.0 mL/min in 10 min

- 2.0 mL/min for 50 min

IPA at 1.5 mUL/min for 5 rmin.
ACN at 1.5 mL/min for 10 min.

I 11. Instrument Shut.Oown: When the instrument is not to be used for
extended periods of time, te system must be shut down following
umanufacturer's instructions to ensure column life and instrument
stability. The column clean-up procedure (Section G.10) is followed
and the column is stored with 100 percent ACN wetting the stationary I
phase. The column must be tightly capped during storage to prevent
solvent evaooration. The column must never be stored with buffer J
remaining on the support. ;,

TLH/tsk
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STANDARD OPERATING PROCEOURE
MREF SOP-8g-64

TITLE: Analysis of 1 1-•2-$4droxyiminonrethylpvridinium)-2- -Carboxamido
Pvriin-UTumT 0irrnetv' Ether Dichloride ýHI-61ia-d1717Met~ylene-gis
[4(Hvdroxyvmrincme'/thvPyridinium Dich oride ?tB-4) Usin Hi
Perfornnce Liuidh ato ra H HPLC

LABORATORY: MREFHML. or King Ave. SOP APPROVAL DATE: June 16. 1990

PLACE OF OPERATION OR TEST: Any safety aoproved laboratory within the
approved facilities

This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract DAMO17-39-C-9050 and will be effective for one year from date of
approval unless sooner rescinded or superseded. A

No deviation from this SOP will be permitted. Whenever the approved method is
changed, the SOP will be revised.

Supervisory personnel will assure that all personnel involved with this SOP
have been properly trained and 4nstructed in its provisions and attest to this
requirement by affixing their signatures on page 3.

A copy nf this SOP will be posted at the job ritp wheprever the operation is
being perfoned.

Suibmitted By: ,i" '
Signature/Date

Timothy L. Hayes. Princioal Research Scientist
Pri ted Name/Title

Approved By: ________(\,.A Signature/Date

Garrett S. Dill. O.V.M.. ManaQer
Printed Name/Title

Approved By: _ _ _ _ _ _ _ _ _ _ /_ _

Signature/Date / /

David L. Stitcher, CIM, Safety/Surety Officer
Printed Name/Title
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STANDARD OPERATING PROCEDURE 89-64

Extraction and Analysis of z I-(2-Hydroxyiminomethylpyridinium)-2-
(4-Carboxyamido-Pyr'iinium)-Dimethyl Ether Dichloride (HI-6) and

1,1'-Methylene-Bis [4-(Hydroxyiminomethyl) Pyridinium] Dichloride (MMB-4)
Using High Performance Liquid Chromatography (HPLC)

I A. Statement of Work: This SOP describes the method for the determination of
m 1-(2-hydroxyyiminomethylpyridiniui)-2-(4-carboxyamido-pyridinium)-
dimethyl ether dichloride (HI-6) and 1,1'-ethylene-bis
[4-(hydroxyiminomethyl) pyridinium] dichloride (MM8-4) in dosing samples.
The prepared sample is analyzed by high performance liquid chromatography
(HPLC). The sample preparation and analysis methods detailed here were
developed in support of pharmacokinetics studies performed at Battelle's
Medical Research and Evaluation Facility (MREF). This method uses HI-6 as!
the internal standard when analyzing for M48-4 and MM18-4 as the internal
standard when analyzing for HI-6. Only samples containing one of the
analytes can be analyzed using this SOP.

8. Respocsibility:

All technical staff will be familiar with the safe handling practices of
chemical materials within a laboratory. Personnel performing the
following procedures must read and sign this SOP. They must use personal,
protective equipment required by the Facility Safety and Surety Plan
(FSS?) while warking w•lthin the MREF and develop safe work habits to
protect themselves and fellow workers from injury and to prevent damage to
material, equipment, and facilities.

The organization involved in this research is the MREF of Battelle
Meorial institute, 505 King Avenue, Columbus, OH 43201-2693.

C. Materials To Be Used: Potassium phosphate dibasic, 1-heptanesulfonic
acid, triethyl amine, acetonitrile, methyl alcohol, trichloroacetic acid,
4HI-6, 1,1'-methylene-bis (4-(hydroxyiminomethyl) pyridinium] dichloride

(MM.1-4), acetic acid, labels, piastic-backed absorbent paper, brown paper,
and wiping tissues. L S

D. Equipment: Freezer, refrigerator, first aid kit, plastic-backed, squirt
botti es, beakers, bottles, maxi-vials, pipettes, pipette bulbs, laboratory
coat, protective eyewear, spatuia, stainless-steel pans, glass stir rods,
syringes, needles, forceps, and latex gloves.

E. Hazards Involved: 5

1. Solvents and Chemicals: The solvents and chemicals utsed irt this SOP
may have hazards associated with their use. The Material Safety Datr

-J
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Sheets (NSOS) are available in the administrative area of the MREF or
through Battelle's Safety Services Department at 505 King Avenue.

F. Procedures:

1. Hood Set Un! The cperation hood area must be prepared with all
i.aterials necessary to perform the operation prior to starting the
operation. All materials will be kept behind the 8-inch line in the
hood.

Plastic-backed, absorbent pacer must be used to protect the work S
surface of the hood.

2. Solution Preparation:

a. Mobile Phase Buffer: Accurately weigh 4.1 1 0.01 g
1-heptanesulfonic acid, and 17.4 1 0.01 g potassium phosphate
dibasic onto weighing paper. Quantitatively transfer each
chemicai into a 2-L volumetric flask containing approximately
1500 mL millipore water. Deliver 2.e.4 mi.. 0.01 of triethylamine
(using a 5000-#L gas-tight syringe) to the resulting solution and
mix well. Adjust the pH of the solution to 4.1 t 0.1 with glacial
acetic acid (approximately 28 mL). Mix well and dilute to volume
with millipore water. Filter through a 0.45 #m fitter.

b. 20.0 my~ri'L MMB-4 Stock ýoution: Weigh IW a 1.0 mg of neat
WS-4 in a eining dish. Quantitatively transfer the weighed
wAterial into a 5-k vwfluaetric flask containing approxiu.~tely
2-aL millipore oater. Vortex mix the solutioai and dilute to
volume with millipore water. Stock solution must be made up fresh
daily.

c. Mobile Phase Diluent with MM8-4 Internal Standard: Accurately
measure and dispense 125 %L MMB-4 stock solution at 20.0 mg/mL
(using a 250 #L gas-tight syringe) into a 100-el volumetric flask
containing approximately 50 Xt mobile phase buffer. Mix well.
Dilute to volume with mobile phase buffer. Mix resulting solution
again, label and store in refrigerator until use.

d. 10.0 mwg/mL HI-6 Stock Solution: Accurately weigh 100.0 mg a
1.0 mg of HI-6 on weighing paper. Quantitatively transfer the
HI-6 into a 10 Xt. volumetric flask containing approximately 5 mL
millipore water. Mix well until dissolved. Dilute to volume with
millipore water and mix again. Stock solution must be made up
fresh daily.

e. Mobile Phase Diluent with HI-6 Internal Standard: Accurately
measure and dispense 1,11G pL of the HI-6 stock solution at

• •' "• ... . . I
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10.0 mg/mL (using a 1,250 #L gas-tight syringe) into a 100-mL
volumetric flask containing approximately 50 mL mobile phase
buffer. Mix well. Oilute to volume with robile phase buffer.
Mix resulting solution again, label and store in refrigerator S
until use.

f. HT-6 Standards: (Must be made uO fresh daily.)

(1) 100 #g/mL HI-6 Standard: Into a 10 mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked witn ?t48-4 (G.3.c.), deliver 100 j1 of the 10 mg/mL
HI-6 stock solution (using a 100 8 1 gas-tight syringe). Mix
well and dilute to volume with mobile phase diluent.

(2) 50 pg/mL HI-6 Standard: Into a 10-mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with 48-4, deliver 50 #L of the 10 mg/mL HI-6 stock
prepared in Section G.3.d. (using a 50 #L gas-tight syringe).
Mix well and dilute to voiume with mobile phase diluent. Mix
on a vortex mixer.

13) 25 #g/.L HI-6 Standard: Into a 10 mL volu~mtric flask
containing approximately 5 mL of the mobile phase dilueit
spiked with MM4-4, deliver 25 #L of the 10 mg/mL HI-6 stock
prepared in Section C 3.d. (using a 25 #L gas-tight syringe).
Mix well and dilute to volume with mobile phase diluent. Mix
on -j vortex mixer.

(4) 10 jg/mL HI-6 Standard: Into a 10-mL volumetric flask
:ontaining approximately 5 mL of the mobile phase diluent
spiked with MMO-4, deliver 10 #L of the 10 mg/mt HI-6 stock S
prepared in Section G.3.d. (using a 10 #L gas-tight syringe).
Mix well and dilute to vclume with mobile phase diluent. Mix
on a vortex mixer.

(5) Blank: The mobile phase diluent prepared in G.3.c. is used
as the HI-6 blank.

g. 1M4-4 Standards: (Must be made up fresh daily.)

(1) 100 pg/mL MMB-4 Standard: Into A 10 mL volumetric flask F
containing approximately 5 mL of the mobile phase diluent
spiked with HI-S (G.3.e.), deliver 50 pL of the 20 mg/mL
MM8-4 stock solution (using a 50 #l gas-tight syringe). Mix
well and dilute to volume with mobile phase diluent.

(2) 50 uq/mL MM4-4 StandarO: Into a 10-mL volumetric flask
containing approximatel) 5 mL of the mobile phase diluent
spiked with HI-6, deliver 25 j4L of the 20 mg/mL 14B-4 sto:k

S
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prepared in Section G.3,d. (using a 25 4L gas-tight 5yringe).
Mix weHl and dilute to volume with mobile phase diluent. Mix
on a vo .ex mixer.

(3) 20 p•m/L MMB-4 Standard: Into a 10-mL volumetric flask
containing approximately S mL of the mobile phase diluent
spiked with HI-6 prepared in Section F.Z.e.,, deliver 10 #L of
the 20 mg/mL 1MM-4 stock prepared in Section F.2.d. (using a
10 uLt gas-tight syringe). Mix well and dilute to volume with
mobile phase diluent. Mix on a vortex mixer.

(4) 10 ug/mL MMS-4 Standard; Into a 10-mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with HI-6, deliver 5 #L of the 20 mg/mL HM3-4 stock ,
prepared in Section G.3.d. (using a 10 #L gas-tight syringe).
Mix well and dilute to volume with mobile phase diluent. Mix
on a vortex mixer.

(5) Blank: The mobile phase diluent prepared in F.2.e. is used

as the MM8-4 blank.

3. Equipmen Preparation:

a. Instriment Preparation: The HPLC is prepared for use with the
following rec=menoed initial settings and conditions. These
settings and conditions are to ýe optimized by the opcratar prior
to instrument calibritin vC, samle amelysis.

(1) Column - 15 cm x 4.5 = inside diameter (I.D.) Zorbax LC-8
with 5 pa partial size or equivalent.

(2) Guard Column - 2 cm 1 4.6 I.D. Zorbax LC-8 with 5pm
partial size.

(3) Mobile Phase: 80 percent buffer (see Section F.2.a)
15 percent Acetonitrile:Isopropanol (80:20)
5 percent spectroscopic grade methyl alcohol.

(4) Mobile Phase Flow Rate: 1.5 tL/min.

(5) Injection Volume: 100 %L volume for HI-6.
30 #t volume for 1448-4.5;

(6) Detector Integration Wavelength: 304 nm.

b. Column Cinditioning: The column needs approximately 45 min of
mobile phase conditioning before it can be used to analyze
samples. This conditioning is required so the stationary phase
can equilibrate with the ion-pair reagent in the mobile phase. J

-'
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c. Column Check: The efficiency of the chromatographic system must
be checked before samples are analyzed. To determine this a
25 jig/.L HI-6 standard is analyzed and the resolution and peak
shape for each analyte peak. HI-6 and MM8-4 is determined. When
reduction in column performance is observed, the column and or
guard column must either be cleaned or replaced. The guard columnn
should always be replaced and conditioned without the analytical
column in position to avoid contamination of the analytical I

4. Dilution of Samples: Samples are diluted in the mobile phase buffer.
Samples having high concentrations of HI-6 or MMB-4 must be sonicated
to insure complete solvation of the material, due to limited
solubility of these materials in aqueous solvents, prior to performing
dilutions. The expected concentration of each sample is adjusted to
within the working calibration range. when sample size permits all
samples will be diluted ,sing volumetric glassware. When sample size
is limited dilut'ons must be performed using analytical syringes.
Before the samples are diluted, the volume of the stock solution
prepared in either F.2.b. or F.2.d. must be calculated and added to
the sample dilution schome. The final concentration of the internal

stadar inthe samples will be either Ill pg/inL for 111-6 or 25 p~g/mL
for tMlB-4.

S. Instrument Calibration: Instrument calibration must be performed each
time quantiation 'of samples is required. The instrument calibration
is performed by injecting the analytical standards prepared in Section
F.2.f. and F.2.g. A complete set of analytical standards is analyzed
prior to aialysis of any samples. Once the initial calibration and
standards have been analyzed and the linearity confirmed, the somple
may begin with at least every sixth sample injected being an
analytical standard or blank to check the performance of the
instrument. A complete set of analytical standards is analyzed
following the last sample. All analytical standards analyzed are used
to develop a complete calibration curve for quantitation of the
samples. No sample amount may be reported that exceeds the range of 0
the analytical standards. Samples that yield responses less than the
calibration range will be reported as less than the lower quantitation .
limit. Any sample response that exceeds the largest analytical
standard will be reported as greater than the highest analytical
standard, and must be either diluted to within range or the
calibration range extended for quantification of the sample.

6. Aralysis of Analvtical Blank: The appropriate analytical blank
prepared in Section F.2.f.5.d. and F.2.g.5. is analyzed to determine
the quality of the reagents used, and to determine if the presence of
sample matrix components interfere with the analysis method.

-,-- "D-1-0-
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7. Analycis of Samples: Sam~ples and calibration sta~ndards are analyzed
using the procedures described in Section F.5. At least every sixth
analysis should te a anaiytical standard or blank.

8. Calculaticns: The sample i.mcunts are calculated using an internal
standarF m.ethod of calibraticn. The calibration data is analyzed
using a l inear regression model to estimate Zhe parameter values for
the model.

a. Using a simple linear regression program, enter th~e peak area
ratio of H[-6 to W48-4 as the ordinate (y-value) an.2 thse
corresponding standard concentration as the abscissa fx-value).
The regression model used to generate the slope, intercept, and
correlation coefficient for HI-6 in the calibration data is:

y bx + a

b. If a regression program is not available, program the following
calculations:

[n (L-t (E) t

(n(Zxy)-(Lx) (ry)J

where,

a - slope
b - y-intercept
r a correlation coefficient
x - analyte peak area/Internal standard peak area
y - analyte amount in pg/mt
n - number of replicates

c. All data p oints obtained from the analysis of the analytical
stanidards are used to calculate the regression model estimates.
In additinn the percent relative standard deviation ('iRSO) between ,

replicate standardi should be monitored to insu-e that the
instrument response does not change excessively during analysis.
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The %RSD for any set of analytic3l standards should n,'t be greateriJ than 10 percent. If the %RSO for any set is greater than
10 percent, the analysis is stopped and the problem corrected
prior to resuming analyses. Do not include the results of the
analytical blank analyses in the calibration calculations as this
will weigh the regression toward zero.

d. Identify the analyte and internal standard peaks in the unknown
j sample chromatograms and record each peak area. The ratio of the

analyte vs the internal standard is calculated and the value
recorded. Using the regression values calculated from the
calibration data, calculate the found concentration for each
sample using the formula above.

9. Column Clean-Up: After each set of samples are analyzed, the column
"must be cleaned to remove proteins and peptides adhering to the
stationary phase. This is accomplished by flushing the column with a
series of solvents over a period of time. The sequence reco-mended
for this clean-up is:

SMillipore water at 1.5 mL/min for 60 min.

ACN at 1.5 mL/min for 10 min.

VA at 1.0 =L/min 10 min.

50-53 IPA/chioroform ramped program
1.5 mL/min - 2.0 WLmin in 10 min

- U.0 mL/min for 50 min

IPA at 1.5 mL/min for 5 min.

ACM at 1.5 mt/min for 10 ain.

1q 0. Instrument Shut-Oown: When the instrument is not to be used for
extended periods of time, the system must be shut downp following
manufacturer's instructions to ensure column life and instrument
stability. The column clean-up procedure (Section G.10) is followed
and the column is stored with 100 percent ACN wetting the stationary
phase. The column must be tightly capped during storage to prevent
solvent evaporation. The column must never be stored with buffer
remaining on the support.

G. Emergency Procedures: All personnel involved in the HML or MREF
Llaoratory operations, must be familiar with the respective laboratory's
FSSP, and the emergency procedures detailed within this document. All
personnel involved in the King Avenue operation must be familiar with HEG
H/SP 8-01 and the emergency procedures detailed within this document.
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H. Firsit Aid Procedures: First aid and self aid at the FHREF and hmL are to
fle conducted as specified in the FSSP.

TLH:cah
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TABLE 2. SUMMIARY OF GROSS PATHOLOGY

Organ/Lesion Animals Examined: 60

Lungs
Congestion/Hemorrhage so

Trac.hea Mucosa

SCongest i on/Hemorrhage 6

Heart
Congestion/Hemorrhage 49

Heart Pericardial Sac
Fluid 10

Heart AV Valve
Hematocyst 1

Thymus
Cangestion/Hemorrhage 12

Small Intestine S
Congestion/Hemorrhage 6

Keseatery
Parasitic Cyst I

Liver
Fibrosis, Parasitic 1

LywPh Node Inguinal
I Abscess 1

II
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ELSEIF X5 TEN C; SUY5-UMY;ENO

ELSE IF X=6 THEN Ca; SUMY6-SUMY; END;

ELSE iF X-8 THEN Ca; SUMY8-SUMY; END;
ELSE IF X-12 THEN 00; SUMY82-SUMY; ENO;
ELSE IF X-16 THEN DO; SUMY12-SUMY; END;
ELSE IF X-20 THEN D0; SUMY26=SUMY; END;
ELSE IF X=40 THEN D0; SUMY2O-SUMY; END;
ELSE IF Xs60 THEN DO; SUmf4OuSUMY; END;
ELSE IF X-80 THEN DO; SUeiY6O-SWMY; EýND;
ELSE IF X-120 THEN DO: SUMY12O=SUMY; END;
ELSE IF X-180 THEN DO; SUMY12D-SUMY; ENO;
ELSE IF X-240 THEN GO; SUMY24O=SUMY; END;
ELSE IF X-300 TH4EN D0; SUMY300-SUMY: END;
ELSE IF X-360 THEN DO; SU.,MY300-SUMY, END;

END;
INTAUC-SUfY;
CALCAUC-D/V/KE;:
TKA.LOG(Z)/KA;
TKE-LOG(2)/KE;
TM~AX'LOG(KA/KE)/(KA-KE);
CMAX-0/ V *KA/ KD' (EXP (-KE- TMAX) -EXP K.A*TIAAX))
CMAX D'-CMAX/D MGKG;
CL-DJcALCAUC;
AUC D=CALCAUC/DMGKG;
DROP TYPE NA1RE ITER SUa4Y D V KD;a

PROC PRINT;
TITLEl 'SINGLE-COM4PARTMENT MODEL. WITHOUT IV DOSE';
TITL.E2 'PARAMETERS FOR TASK 69-06 HI-6 ADMINISTERED BY WET/DRY

AUTOINJECTOR: ANIMAL 23';
VAR SSE --Y INTAUC--AUC 0;

PROC PRINT7T
VAR SUMY1--SUMY36O;

OPTIONS LS-PA;
DATA TRUN4C;

SET REG.ALLOATA;
IF CDNC HE a AND ANH4AL-23;

PROC MEANS NOPRINT DATA-TRUNC;
VAR T;
ID ANIMAL;
OUTPUT OUT-HAX (i)-stdXT;

DATA MAX2;
SET MAX;

TYPE -- ' FINAL';
k-RuC J-'RT; BY TYPE
PROC NLIN DATAZrRUNC CDNVERGE=1E-2 MAXITER-100 METHOO-MARQUARDT

OUTEST-ESTIM;
PARJ4S A-15.99

B-6.01
ALPHA-O .022
BETA-0.003
KA-.O.9D;

AEXP-EXP(-ALPHA~'f);

pmI.



OPTIONS LS=80;
DATA TRUNC;

SET WETORY.ALLOATA;
IF ANIMAL-23 AND CONC NE 0;

PROC MEANS NIOPRINT OATA-TRUNC;
VAR TIME; ID ANIMAL:
OUTPUT OUT=MAX M.AX-MAXT;

DATA MAX2;
SET IiAX;

T'PE -'FINAL';
PR6C SORT; BY TYPE
PROC NUIN OATA;TRUNi- C0NVJERGEztE-6 METHOD-MARQUARDT OUTEST-ESTIM;

PAR11S KA-0.i221
KE-41.0188
V-'360;k,

*WEIGHT sl/CCNC;
0;.16000;-
T-TIME;

EXPA-EXP(-KA*T);

EXPE-EXP(-KE*T); I
KD-=KA -KE;
MODEL CONC=D/V*KA/K0*(EXPE-EXPA);
DER.KA-Q/(V-KD)-((1-KA/KD)-(EXPE-EXPA)+KA-T-EXPA);
DER.KEOD*KA/ (V*KD)-( (EXPE-EXPA)/KD-T*EXPE);
DER.Vu-D*KA/KD*(EXPE-EXPAj /V/V;
TITLE 'sINGLE-COt4PARTMENr PHAP.iACOKINETICS MODEL WITHOUT IV DOSE';
TITLE2 'TASK 89-06 PLASMA HI-6, ADMtINISTERED BY WET/DRY AUTOINJECTOR

ANIMAL 23';
OUTPUT OUT-WETDRY.P23 P-CONCHAT L95H-LCL Ug5M-UCL;

PROC SORT DATA-ESTIN;
BY TYPEL

PROC TRINT-DATAsWETflRY.P23;
DATA EST;

'ET ESTIM;
IF _TYPE -'FINAL';

DATA WETORY.AN23;
MERGE EST MAX2; BY fYPE;
KD-KA-KE;
0-16000;
V 1 kg-V/1000;
DMd KG-0/1000;

DX-0:;

DO U~iIL(X GE 360);
*ALTERNATIVELY, THE ABOVE STATEMEfNT COULD READ DO UNTIL (X GE MAXT);
YuD/V*KA/K0-(EXP(-KE-X)-EXP(%,KA*X) )0X;
X-X+OX;
SUMYuSUMY+Y;
PART-Y/EUMY;

IF X-1 THEN DO; SUMYI-SUMY; END;
ELSE IF X-2 THEN GO; SUM~Y2-SUMY; EN~D;
ELSE IF Xu3 THEN DO; SUMY3-SUM[Y; END;
ELSE IF X-4 THEN 00; SUMY4*SUMY; E:ý9;
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BLX? -ELXP ( -8ETA*T);
KEXP-E.XP(-KAT);
HODEL CCNC=A*(AEXP-KLXP)+*a(BEXP-KEXP);
OER.A-AEXP-KELXP;
O ER. B BEX P- K X?;
o ER. AL? HA --A*T*AEX?;
DER.8ETA--8*T*LX?;
DER.KA-(A+3)'T*KEX?;
TITLE 'Tlp0-CCMPARTHENT ATROPINE PHA.RMACOKINETICS MODEL';
TITLE2 'TASK 89-06 'ýE-T,'RY TECHNIQUE - ANIMAL 23';
OUTPUT OUT-REG.P23OUT P-CONCHAT L95M-LCL U95M-UCL;

PROC SORT DATA-ESTIM;
BY T'fPE ;f

?ROC PRINTI UArA-XEG.P23OUT;
DATA EST;

SET ESTIN;
IF T'TPE -'FINAL';

DATA AEG.AR23;
MERGE EST MAX2; BY _TYPE_;
D- 5600000;
DX-I;

SUMY-0;
PART-I;
00 UNTIL (X GE 360);
- ALTERNATIVELY, THE APfl7E STATEMENT COULD READ DO UNTIL (X GE MAXT);

X-X+DX;
Y--EP-LH-)-,P-AX),-EP-EAX-X(K-)
SUNY-SUMY+Y;
PAPT-Y/SUMY;

IF X-1 THEN DO; SUMY1-SUIIY; END;
ELSE IF X-2 THEN DO; SU?4YZ-SW4Y; END;
ELSE IF X-3 THEN DO; SLAYI-SUMY; END;
E 0)E IF X-4 THEN DOJ; SUIMY4-SUKY; ENO;
E LSE IF X-5 THEN4 DO: 5W4MY5-SUMY; END;
ELSE IF X-6 THEN Do; SUMY6-SUI4Y; END;
ELSSE IF X-8 THEN DO; SUMY8-SUI4Y; END;
ELSE IF X-12 THEN DO; SUW412-SUKY; END;
ELSE IF X-16 THEN DO; SW4Y16-SU14Y: END;
ELSE IF X-20 THEN DO; SUHY2O-SUI4Y; END;
ELSE IF X-40O THEN DO; SUHY4O'SUMY; END;
ELSE IF X-60 THEN DO; SU14Y6O-SUHY; END;
ELSE IF X-'80 THEN DO: SW4Y80-SUl4Y; END;
ELSE IF X-120 THEN DO; SUl4Y12O-SU1MY; END;
ELSE IF X-180 THEN 00; SUNYI8O-SUMY; END;
ELSE IF X-240 THEN DO; SW4Y240-SU14Y; END;
ELSE IF X"300 THEN DO; SU?4Y300-SUM`Y; END;

EDELSE IF X'.360 THEN DO; SUt4Y360-SUMT; END;F
END;CAAPH+/ET-(+B/A

DIwA*(KA-ALPHA)+B*(KA-8ETA);
K21-((A*BETAKA)+(B'ALPHA*KA)-(A+8)'ALPHABSETA)/D1;
KEL-ALHA*BETA/K21;



~L?~tA+-TA-K21 -KFL;
V1-O/(A+B)/1.CCO;
Vdbeta-V1*KEL/32ETA;
TBETM-LCCG(2) /8ETA;
ThAX.U1I (KA-K-EL) *LCG(K.A/XEl);

CROP TTYPE NAME- ITE.R SU.401
PRCC PRINT;-- -- 01

TITLEl 'TASK 89-15: ThO-CW~ARTMENT PK MODEL FOR WET; 7Y ATROPINE
TECHNIQUE';

TITLEZ 'PA;ý,MECERS FOR ANIMAL 23;
VAR SSE --Y INTAUC--DW;

PROC PRINT;-
VAR SUMYi--SUMY360;


